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L O- level in the atmosphere since 400 000 yearszzzz

[CO,]
(ppm)

Ice core and direct measurements, NASA

400,000 350,000 300,000 290,000 200,000 150,000 100,000 20,000

Years before today

» Scientific context P Issues ethods
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L O- level in the atmosphere since 400 000 yearszzz

[CO,]
(ppm)

ce core and direct measurements, NASA

400,000 350,000 300,000 290,000 200,000 150,000 100,000 20,000 (

Years before today Industrial
revolution
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L O- level in the atmosphere since 400 000 yearszzz

[CO,]
(ppm)

ce core and direct measurements, NASA

400,000 350,000 300,000 290,000 200,000 150,000 100,000 20,000 [

Years before today Industrial
revolution

N Scientific context P Issues ethods
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Wca rbon CyCIQWWWWWWWWM

Atmosphere

1,6 GtC.yr!

(net flux)

Continent

IPCC, 2007 ; Sabine et al., 2004

» Scientific context P
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wrceanic CO,, biological pumpwzzzzzmmmmmmmmmmmmmmmmmn

3700m

Deep ocean

Ocean floor

Chisholm, 2000
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wrceanic CO,, biological pumpwzzzzzmmmmmmmmmmmmmmmmn,

Chisholm, 2000

» Scientific context P



wrPhotosynthesis ”

106 C02 + /7 Hzo + 16 HNO3 + H3PO4 +1/2 H2$O4

> C106H174049N16P, So 5 + 147 O,

Jacques, 2006

Sunlight




wrPhotosynthesisyzzm

Redfield ratio: C:N:P (106:16:1)

Redfield, 1963

Proportionnal uptake of :

Phosphorous

Micronutrients

by phytoplankton.
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Oceanic ﬂuxes /////////;//;//;;/;/;/;;/;/;;/;;/;;;/;;/;;/;/;/;

Sunlight
Cinorganic o
Q Macronutrients
., re .
0” - ‘00
Micronutrients Macronutrients

n Scientific context F [ssues
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wrceanic CO,, biological pumpwzzzzzmmmmmmmmmmmmmmmmn,

Photosynthesis

Chisholm, 2000

n Scientific context P
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Bioavailabilitv@e.0mmmmmmmns
Sunlight

\F¢
. 0 = K

Soluble
N Scientific context F Issues
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ol he Southern Ocean: HNLC areauwssmmmmmmmmmny

[Nitrates] in surface water (nmoIN.m™)

NOAA World Ocean Atlas

[Phytoplankton pigment] (Chlorophyll; mg.m)

NASA/GSFC
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ol he Southern Ocean: HNLC areauwssmmmmmmmmmny

[Nitrates] in surface water (nmoIN.m™)

NOAA World Ocean Atlas

[Phytoplankton pigment] (Chlorophyll; mg.m)

NASA/GSFC
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ol he Southern Ocean: HNLC areauwsmmmmmmmmmmmmn

[Nitrates] in surface water (nmolIN.m™)

NOAA World Ocean Atlas

[Phytoplankton pigment] (Chlorophyll; mg.m)

NASA/GSFC
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Oceanic ﬂUXES 4444
Sunlight

Cinorganic

Micronutrients
limited in the
Southern Ocean

Scientific context ssues (T VIET oS T I RCS TS
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wmyMicronutrient suppliesummmmmmmmmmmmmmmmmmmon,

Advection

Ocean floor

Chisholm, 2000
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DSt cyclewmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Emission Transport
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wrAtmospheric deposition to the open oceanyzmm

Mahowald et al., 2007

000005001 002 005 01 0.2 05 1. 2. 5 10. 20. 50. 100. 200.

Low atmospheric -e Southern Ocean




21

wyDUst sources in the South Hemispherexwsmmmm

SeaWiFS image ; Edwards et aI.,ﬁéOO6

N Scientific context P [ssues ethods
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wrDUst sources in the South Hemispherexwsmmm

SeaWiFS image ; Edwards et al., _2006

N Scientific context P [ssues ethods
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wrDUst sources in the South Hemispherexwsmmm

SeaWiFS image ; Edwards et aI.,EOO6

N Scientific context F [ssues ethods
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wrDUst sources in the South Hemispherexwsmmm

SeaWiFS image ; Edwards et aI.,EOO6

N Scientific context F [ssues ethods
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wrDUst sources in the South Hemispherexwsmmm

SeaWiFS image ; Edwards et aI.,ﬁéOO6

N Scientific context P [ssues ethods
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wmyDUst sources in the South Hemispherexws0mm

Li et al., 2008
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awm\Nhat we Know 2w

Atmospheric deposition is not well known
over the Southern Ocean
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awm\Nhat we Know 2w

Atmospheric deposition is not well known
over the Southern Ocean

Very low atmospheric concentrations:
measurements are very difficult to

performed, adapted ultra clean work
conditions are essential!
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wm\Nhat we Know 2w

Atmospheric deposition is not well known
over the Southern Ocean

1. Only two studies based on observations available in literature before this work

L Planquette et al. (2007) and Wagener et al. (2008):
sporadic offshore atmospheric measurements (aerosols, rainwater)

=l deposition fluxes (dust, iron, dissolved iron)

" Scientific context P Issues ethods
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wm\Nhat we Know 2wy

Atmospheric deposition is not well known
over the Southern Ocean

1. Only two studies based on observations available in literature before this work

L Planquette et al. (2007) and Wagener et al. (2008):
sporadic offshore atmospheric measurements (aerosols, rainwater)

=l deposition fluxes (dust, iron, dissolved iron)

2. Models need to be contrained and/or validated by atmospheric measurements over the
Southern Ocean (deposition, chemical composition, solubility, dust sources)

» Scientific context P Issues ethods




WISSUQSWWWWWWWWWWWWWWM

»

1. What is the atmospheric deposition flux
of dust derived micronutrients that reaches
the remote Southern Indian Ocean?

2. What is its chemical composition?

3. What are its different sources?

4. What is its bioavailable part for phytoplankton?

Scientific context F Issues r w
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mmSXrateqywmmmmmmmmmmmmmmmmmmmmmmmmmmmm:

1.What is the atmospheric deposition flux
of dust derived micronutrients that reaches
the remote Southern Indian Ocean?

II 2.What is its chemical composition? '

3. What are its different sources?

| 4. What is its bioavailable part for phytoplankton?

il - ]
R g

Long term ob
oV

ric deposition
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FLATOCOA

« FLL "erhosphérique d'Origine Continentale sur I'Océan Austral »

Crozet  gerguelen Islands bl |

Trace metal measurements
on a continious basis

Two-year sampling
(end of 2008 - end of 2010)




36

wmSampling sitesummmmmmmmmmmmmmmmmmmmmmmmn,

Kerguelen
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Material preparation w2220

| B Under ISOT laminar flow bench
- in ISO5 clean room

Air quality on Kerguelen Islands:
1ISO4 (analog)

Concentration (particle.m-3)

Class | 0,Tpu [ O2pu | O3 | OS5 ] Tu 5u
ISO1 | 10 2 0 0 0 0
SO 4 | 10000 | 10000 | 1020 | 352 83 0




Kl

: Duplicat systems (A, B)

Monthly or bi-monthly sampling
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w37 analyzed and validated elementsy000mmmmn

ICP-AES and HR-ICP-MS
(clean room)

helium
2
He
4.0026
berylium fluorine neon
4 9 10
Be F | Ne
9.0122 18.998 20.180
chlorine argon
17 18
Cl | Ar
35453 39.948
scandium bromine krypton
35 36
Br | Kr
79.904 83.80
Zirconium niobium molybdenum] technetium ruthenium rhodium palladium il cadmium i antimony iodine Xenon
41 42 43 44 45 46 51 53 54
Nb|[Mo| Tc | Ru| Rh | Pd Sb | | Xe
92.906 95.94 [28] 101.07 102.91 106.42 2 121.76 126.90 131.29
caesium hafnium tantalum tungsten rhenium asmium iridium platinum qold mercury thallium hismuth polonium astatine radon
72 73 74 75 76 77 78 79 80 81 83 84 85 86
Hf | Ta| W | Re|Os| Ir | Pt |Au|Hg| Tl Bi | Po| At | Rn
178.49 180.95 183.84 186.21 190,23 192.22 195.08 196.97 200.59 204.38 208.98 [209) [210] [222]
lawrencium | rutherfordium| — dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununiom | ununbiom unungquadium
104 105 106 107 108 109 110 111 112 114
Fr Rf | Db | Sg | Bh | Hs | Mt {Uun|UuulUub Uuq
[223] [261] [262] [266] [264] [269] [268] [271] [272] [277]

promethium

61

Pm

1485
actinium thorium protactinium neptunium plutonium americium curium berkelium californium | einsteinium fermium | mendelevium|  nobelium

89 a0 91 93 94 a5 96 97
Pu

[244]
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wrAnalytical validationyzzmmmmmmmmmmmmmmmmmmmmmmn,

Measured values  1E+3
of SLRS-5

(ug.L") 1E+4 -
1E+3
1E+2
1E+1

1E+0 -

1E-1

1E-2- &Q@
%

§ T : : : : : : : |
1E-3 1E-2 1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5

Certified and published values of SLRS-5 (ug.L™")

Accuracy on very low trace metal concentrations
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mrkExperimental validations00mmmn

Quantities in field blanks <10% of
the ones in samples
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mrkExperimental validations00mmmmmmon

Al fluxes (ug.m-2.d-1)

. 180
Duplicat B Slope = 1.09
160

R?=0.94

140 +
120 /
100

0 20 40 60 80 100 120 140 160
Duplicat A



wol ead isotopes: 206, 207, 208,

HR-ICP-MS

hydrogen helium
2
He
4.0026
berylium fluorine neon
4 9 10
Be F | Ne
9.0122 18.998 20.180
chlorine argon
17 18
Cl | Ar
25453 29.948
scandium bromine krypton
35 36
Br | Kr
79.904 83.80
Zirconium niobium molybdenum] technetium ruthenium rhodium palladium cadmium antimony iodine Xenon
41 42 43 44 45 46 51 53 54
Nb|[Mo| Tc | Ru| Rh | Pd Sb | | Xe
92.906 95.94 [28] 101.07 102.91 106.42 2 . 121.76 126.90 131.29
hafnium tantalum tungsten rhenium asmium iridium platinum qold mercury thallium hismuth polonium astatine radon
72 73 74 75 76 77 78 79 80 81 83 84 85 86
Hf | Ta| W | Re|Os| Ir | Pt |Au|Hg| Tl Bi | Po| At | Rn
178.49 180.95 183.84 186.21 190,23 192.22 195.08 196.97 200.59 204.38 208.98 [209) [210] [222]
lawrencium | rutherfordium| — dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununiom | ununbiom unungquadium
87 104 105 106 107 108 109 110 111 112 114
Fr Rf | Db | Sg | Bh | Hs | Mt {Uun|UuulUub Uuq
[223] [261] [262] [266] [264] [269] [268] [271] [272] [277]

actinium

89

thorium

90

protactinium

91

promethium

61

Pm

1485
neptunium

93

94
Pu

[244]

plutonium

americium

95

curium

96

berkelium

97

californium | einsteinium

fermium | mendelevium|  nobelium

43



At «Jacky» only (Kerguelen)

Filtration on Téflon" filters
2 m from ground level

Same sampling time than
atmospheric deposition

.,' & ’
- Analyzed using X ray
 fluorescence spectrometry
~ (Al, Na)



%Rainwater sampling (event basis)zzzz

On Kerguelen base «PAF»

Direct filtration on PC filters: o R
separation of the both e
soluble and insoluble

fractions during the sampling

16 collected rains

Digestion using H,0, and
HF/HNO; (insoluble)

Analyses using HR-ICP-MS
(soluble and insoluble)
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w1 analyzed and validated elements in 5 rainszzzzmm

HR-ICP-MS

hydrogen helium
1 2
H He
1.0079 4.0026
lithium berylium bioran carban nitrogen oxygen fluorine neon
3 4 6 7 8 9 10
Li | Be C|IN|O]| F |Ne
6.941 9.0122 12.011 14.007 16,999 18.998 20.180
sodium magnesium silicon phosphorus sulfur chlorine argon
11 12 14 15 16 17 18
Na | Mg Si| P | S |Cl|Ar
22.990 24.305 28,086 20.974 32.065 25453 29.948
potassium calcium scandium vanadium chromium cobalt nickel copper Zine gallium germanium arsenic selenium bromine krypton
19 20 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca V | Cr Co|Ni|[Cu|Zn|Ga|Ge|As | Se | Br | Kr
39.098 40.078 50.942 51.996 58.933 58.603 63.546 G5.39 69.723 72.61 74.922 78.96 79.904 83.80
rubidium strontium witrium Zirconium niobium molybdenum] technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine Xenon
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y |Zr [ Nb|Mo| Tc | RU|Rh|Pd|Ag|Cd| In ([Sn|Sb|Te| I | Xe
85,468 a7.62 88.906 91.224 92.906 95.94 [28] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
caesium bariurm lutetium hafnium tantalum tungsten rhenium asmium iridium platinum qold mercury thallium lead hismuth polonium astatine radon
55 56 57-70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Ba| * |Lu|Hf | Ta|W|Re|Os| Ir | Pt  Au|Hg| Tl |Pb| Bi | Po| At | Rn
122.01 137.33 174.97 178.49 180.95 183.84 186.21 190,23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 [209) [210] [222]
francium radium lawrencium | rutherfordium| — dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununiom | ununbiom unungquadium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr|Ra|*xx| Lr| Rf | Db| Sg | Bh| Hs | Mt (Uun|Uuu/Uub Uuq
[223] [226] [262] [261] [262] [266] [264] [269] [268] [271] [272] [277] 289
promethium | samarium europium gadolinium terbium dysprosium holmium erbium thulium yiterbium
61 62 63 64 65 67 68 69 70
Pm| Sm|Eu|Gd|Tb(Dy|Ho| Er [Tm| Yb
[145] 150.36 151.96 1567.25 158.93 162.50 164.93 167.26 168.93 173.04
neptunium plutonium americium curium berkelium californium | einsteinium fermium | mendelevium| nobelium
93 94 95 96 97 98 99 100 101 102
Ac|{Th|{Pa| U [Np|Pu|lAm|Cm|Bk | Cf | Es |Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259]
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1. What is the atmospheric deposition flux
of dust derived micronutrients that reaches
the remote Southern Indian Ocean?
2. What is its chemical composition?

3. What are its different sources?

I‘ 4. What is its bioavailable part for phytoplankton? .

| N |
_ ot iRy

R SCIETTC COMTERT) ISsues T Results
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/////////H Total dust deposition fluxxzzz0mmmmmn

Fa
Abundance,,

qust —
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///////” Total Al deposition flux (dust proxy)»zzz200mm

250
Al flux )

ug.m=2d’!

200 -I.

150

100 i +
Ll L} !
" [ :
1 | H

i
50 §
-

o ]w”4

11/08 1/09 3/09 5/09 7/09 9/09 11/09 1/10 3/10 5/10 7/10 9/10 11/10

Dates (month/year)

654 + 70 pgDust.m™2.d"’
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///////H Total dust deposition flux in literature (1)
Observations

38 + 14 pg.m=2d! 654 + 70 uyg.m=2.d!
(Wagener et al., 2008) (Heimburger et al., 2012)



52

///////H Total dust deposition flux in literature (1)
Observations

38 + 14 pg.m=2d! 654 + 70 uyg.m=2.d!
(Wagener et al., 2008) (Heimburger et al., 2012) W

Ftotal = direct measurements

Indirect measurements of total deposition calculation:

Frotal = I:dry + Fuyet

I:dry = Caerosol : Vdry deposition I:Wet = Caerosol .SR . rainfall
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i HTotaI dust deposition flux in literature (1)
Observations

38 + 14 pg.m=2d! 654 + 70 pg.m=2.d""
(Wagener et al., 2008) (Heimburger et al., 2012)

Fiotal = direct measuremeng

Indirect measurements of total deposition calculation:

Frotal = I:dry + Fuyet

o = R, SR
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///////” Total dust deposition flux in literature (1)
Observations

38 + 14 pg.m=2d! 654 + 70 uyg.m=2.d!
(Wagener et al., 2008) (Heimburger et al., 2012) \

Ftotal = direct measurements

Indirect measurements of total deposition calculation:

Frotal = I:dry + Fuyet

Fdry - Caerosol . Vdry deposition Fwet = Caerosol l rainfall

L4
R 1
o 1
4
P |

SR =200 (constant) SR = measured
(Wagener et al., 2008)  (Heimburger et al., 2012)
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Scavenging ratiowmmmmmmmmmmmmmmmmm

Crain

SR B Cair
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Scavenging ratiowmmmmmmmmmmmmmmmmmmmy

',concentration in
total deposition

*

wet deposition > 90%
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Scavenging ratiowmmmmmmmmmmmmmmmmmmmm

S mmms \leasured Al SR (FLATOCOA)

43000 SR from

40000 == Jickells and Spokes, 2001

35000

30000

25000

20000

15000 .

100001 -

5000 _h+ - L X e

0 | | | | _I+ — .
12/08 01/09 0209 03/09 04/09 05/09 06/09 07/09

Dates (month/year)
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Scavenging ratiowmmmmmmmmmmmmmmmmmmmy

SR 50000
mms \leasured Al SR (FLATOCOA)
43000 SR from
40000 ‘ Jickells and Spokes, 2001
35000
30000
25000
20000
15000
“llll llrljl lllllllllllI-lIlllllllllllll"ll
so00 | L LT T
§ 1 .l_I_-

12/08 0109 0209 03/09 04/09 03/09 06/09 07/09
Dates (month/year)
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Scavenging ratiowmmmmmmmmmmmmmmmmmy

SR 50000
mms \leasured Al SR (FLATOCOA)
43000 SR from
40000 ) Jickells and Spokes, 2001
35000
30000
25000
20000
15000
“llll llrlll lllllllllllI-lIIllllllllllll"ll
so00 | - LI ST

12/08 01/09 0209 03/09 04/09 03/09 06/09 07/09
Dates (month/year)
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Scavenging ratiowmmmmmmmmmmmmmmmmmmmy

one order of magnitude

_—
7000 e

200

654 + 70 ug.m2.d-" 38 + 14 yg.m=2.d-"

(Heimburger etal, 2012) __ (Wagener etal, 2008)

one order of magnitude
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Scavenging ratiowmmmmmmmmmmmmmmmmmy

SR 30000
mms \leasured Al SR (FLATOCOA)
| e i
A 111 T SR from
40000 - 1 Jickells and Spokes, 2001
35000 -
30000 -

25000 -
20000 -

15000 -

10000 T 1 |
HE NN E BB EEEEEENEDR Al I B EEEEEEENERN ||
5000 | - E _I_':F

0 " 200

12/08 01/09 0209 03/09 04/09 03/09 06/09 07/09
Dates (month/year)

H hesis:
aerosols scavenged by rain are l altitude and not at surface level
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///////H Total dust deposition flux in literature (1)
Observations

Dust deposition is one order of magnitude
higher than the one previously observed:
atmospheric deposition is more important than expected
for micronutrient supply in the South Indian Ocean

Measurements of C_.,0s0ls at surface level only
do not allow atmospheric deposition flux
to be well calculted over remote oceanic area
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///////M Total dust deposition in literature (2)22
Models

000005001 0.02 0.05 0.1 0.2 05 1. L. 5 10. 20. 50. 100. 200.
Estimated dust deposition flux:

between 550 and 1400 pg.m=2.d’
(Mahowald et al., 2007)

654 + 70 yg.m=2.d"!

(Heimburger et al., 2012)
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/////////” Total dust deposition vs. modelsyz2200mm

Al flux 120
ug.m=2d Observed deposition fluxes

= | (averaged on 6 samples)

g Modeled deposition fluxes
(on three months)
80 + '
60
o~
o
(@]
G
+—
(V)
X
>
O
0 k=
v
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun T

Dates (every 3 months)

Case study:
the model does not reflect observed seasonality

ssues Methods F Results '
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1. What is the atmospheric deposition flux
of dust derived micronutrients that reaches
the remote Southern Indian Ocean?
2.What is its chemical composition?

3. What are its different sources?

l‘ 4.What is its bioavailable part for phytoplankton? .

| , N |
_ ot iR

S CIEMTIC COMTERT ) ISt T Results




WHTotal deposition fluxesxz2mmmmmmmmmn

hydrogen helium
2
He
4.0026
berylium fluorine neon
4 9 10
Be F | Ne
9.0122 18.998 20,180
phosphorus chlorine argon
15 17 18
P Cl | Ar
35453 39.948
scandium gallium germanium selenium bromine krypton
21 31 32 34 35 36
Sc Ga | Ge Se | Br | Kr
44,956 69.722 72.61 78.96 79.904 83.80
wttrium Zirconium niobium molvbdenum| technetium | ruthenium rhodium palladium cadmium indium tin antimony teliurium iodine Henon
39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54
Y |Zr |[Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd| In Te| | | Xe
£88.906 91.224 92.906 95.94 [98] 101.07 102.91 106.42 107.87 112.41 114.82 12176 127.60 126.90 131.29
caesium hafnium tantalum tungsten rhenium osmium iriclium platinum gold mercury thallium bismuth polonium astatine radon
55 72 73 74 75 76 77 78 79 80 81 83 84 85 86
Cs Hf | Ta| W | Re|Os| Ir | Pt |Au|Hg| Tl Bi | Po| At | Rn
122.91 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 208.98 [209 [210] [222]
francium lawrencium | rutherfordium|  dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununium ununkium ununquadium
87 104 105 106 107 108 109 110 111 112 114
Fr Rf | Db | Sg | Bh | Hs | Mt {Uun/UuulUub
[223] [261] [262] [266] [264] [269] [268] [271] [272] [277]

promethium

61

Pm

1485

americium curium berkelium | californium | einsteinium fermium | mendelevium| nobelium

95 96 97 98 99 100 101 102

neptunium

plutonium
89 90 91 93

Ac| Th | Pa Np | Pu

[227] 232.04 221.04 [237] [244] [243] [247] [247] [251] [252] [257] [258] [255]
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///////H Correlation coefficients (Jacky)xzzz20mmmmn

Fe flux Na flux Ca flux
100 35000 - 1000
2_ 2_ 2__
0 R=099 o % R*=0.15 - R=097 5

= 200
Slope = 0.54 / 30000 N=42 * Slope = 0.04 '/

jg n=42 /}/ o . f{; n=42 /
60 i 600
- / 20000 0 - /

i

A0 | 15000

— * e 400 ¥
L/ YW
30 | 10000 L 4 ™ & & & 300 =5
20 : &, * * 200
5000 —&—, S
10 - P + * 100 -
S, ¢

D'__'l T T T T T T T T D
0 20 40 60 80 100 120 140 160 180 200

0 20 40 60 80 100 120 140 180 180 200 0 5000 10000 15000 20000 25000 30000 33000

Al flux Al flux Na flux
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///////H Principal Component Analysisuzzzmmmmmmmmmn,

0.5 1.0

0.0

Dim 2 (28.81%)

-0.5

-1.0

-1.0 -0.5

o
o
ot
wn
—
o

Dim 1 (58.87%)
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/////////” EnriCh ment faCtorSV///////////////////////////////////////////////////////A

[X]

[Al]
[X] ref
[AI] ref

EF =
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/////////H EnriCh ment faCtorSV///////////////////////////////////////////////////////A

Enrichment 1g
factors

Feld

¢ | ——FePB

ﬂ ] ] ] ] | ] ] ] | ] ] |
1108 0109 0309 0509 OV09 0909 1109 OL10 0310 0310 OW10 0910 1110
Dates (month/year)

Const ntified
as c gin...
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/////////H En riCh ment faCtorSW///////////////////////////////////////////////////////A

Enrichment 10
factors

1108 0109 0309 0509 0709 0%09 11709 OL10 010 0510 0710 0910 11110
Dates (month/year)

... in comparison with others elements
such as Pb, As, Cr, Cuand V....

Methods P Results '
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/////////H En riCh ment faCtorSW///////////////////////////////////////////////////////A

Enrichment 10 -y P ———
factors " " " '
0 - | | | |
I I i 1

| 1 | |

B 1 1 E B
| 1 | |

| [ ] | |

[ 1 ] 1

| | | |

6 - - 8 ’ 3
| | | |

| 1 | |

7 I i i i
| | | B |

4~ 8 8 | |
| 1 | |

[ | 1 | |

34 . — .
] |

| |

] |

|

]

|

1108 0109 0309 0509 0709 0%09 11709 OL10 010 0510 0710 0910 11110
Dates (month/year)

... for which an anthropogenic contribution in deposition
is observed during the austral winter.

Methods F Results '
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/////////H Enrichment factorszzzommmmmmmmmmmmmmmmmn

Enrichment 30— — = ===y ———————— =
factors e Py J : : : :
| | | |
25 PbG : ' 1 i
==PhPB : : : :
| | | 1
20 - | | I 1
| | | |
| | | 1
| | 1 1
15 : : : :
| | | 1
| | | |
10 L ¥ i : : ' -
| | | ]
| | | ]
| | |
5~ i — g —
|
0 - il I : e o td..... Pnenii i —

1108 01109 0309 0509 0709 0909 11409 0110 0310 0510 010 0910 11710

Dates (month/year)

Gradient fro guelen Islands
due to tra r emission?
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%/////%HTotal deposition fluxeszzzzmmmmmmmmmmmmmmn

PCA correlatlon coefficients and enrichment factors

Suifellalli by bl 6120 R &I E ULV

SR e e T AT e rilers
ot 103 15 1% 02 06 06 12 00 081 05 058 02k 0% 075 17 02 416 07 045 17

£ 0o 1 7 % 88 00 ik 18 06 03 8% 08 0% A 8 86 4 o 0 e o ==
" G na o 0% auz < u! uummnanam a(u w 323 “«“J 31? 332 nfw in e os o4 S -
hydrogen < [t 0% o8 o1 1% ot T o8 0% 10 15 o 08 0% 0% o L1 10 o b1 on o N helium
" U {001 0 09 01 0o 0 062 17 015 1 10 00 U8 4 0% 042 04 011 17 Lt 0 04
i S e He
1 S| omen o o omn solesamunlishin ug | WL S sl 40026
beryllium i 5%3 ‘ﬂ’:‘; 31‘5 3’:&‘ EE ??75355553@:}?1 E??E‘:E 5“2 52253‘1 55’ Zi“'; 3"1’ :‘w g.;3 gu;: Sﬂ‘;‘ ’ boron carbon nitrogen oxygen fluorine neon
T y 3112 70 0 10 0 00 07 03 013 0 O 08 022 1 07 08 01 00 06 0 1 B e o e i 5 6 7 8 9
9.0122 18.998 20.180
chlorine argon
18
25453 29.948
scandium wanadivm chromium copper Zine gallium germanium arsenic selenium bromine krypton
23 30 32 33 35 36
G0, 02 6.0 63,646 G5.39 69.723 72.61 74.922 78.96 79.904 83.80
witrium Zirconium niobium molybdenum] technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine Xenon
39 43 44 45 46 47 49 50 52 53 54
88.906 91.224 92.906 95.94 [98] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
caesium hafnium tantalum tungsten rhenium asmium iridium platinum qold mercury thallium l=ail hismuth polonium astatine radon
73 74 75 77 78 79 80 82 85 86
Hf | Ta| W | Re|Os| Ir | Pt |Au|{Hg| Tl |Pb| Bi | Po| At | Rn
178.49 180.95 183.84 186.21 190,23 192.22 195.08 196.97 200.59 204.38 2072 208.98 [209) [210] [222]
rutherfordium] — dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununiom | ununbiom unungquadium
104 105 106 107 108 109 110 111 112 114
[261] [262] [266] [264] [269] [268] [271] [272] [277] 289

Anthropogenlc actinium
in winter 89

Ac

[227]

thorium

90

protactinium neptunium plutonium americium curium berkelium californium | einsteinium fermium | mendelevium| nobelium

91 93 95 96 97 98 99 100 101 102

Th | Pa Np| Pu|Am|Cm| Bk | Cf | Es |Fm|Md| No
231.04 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259]

232.04

promethium

Results
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1. What is the atmospheric deposition flux
of dust derived micronutrients that reaches
the remote Southern Indian Ocean?
2. What is its chemical composition?

3. What are its different sources?

l‘ 4. What is its bioavailable part for phytoplankton? .

| , N |
_ ot iRy

S CIEATIC COMTERT) IS tes T Results
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wyDUst sources in the South Hemispherexwsm9m

stralia

SeaWiFS image ; Edwards et aI.,ﬁéOO6
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/////////H Pb isotopeswzzmmmmmmmmmmmmmmmmmmmmmmmmmmmn,

2495

208pb / 207pb

2475

Kerguelen (no enriched)

~ =-Kerguelen (enriched)

™ Crozet (no enriched)

2455

B Crozet (enriched)

2435 o
” b,

2415 . .
10 i 18 il
i i | ﬁ,@J

2395 ; i | i i ; i : 108 0109 0309 0509 0702 0909 1109 010 0310 0¥10 010 0910 1110

2038 2048 2058 2068 2078 2088 2098 2108 2118 2128
208pp, /206pp
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/////////M Pb isotopeswmmmmmmmmmmmmmmmmmmmmmny

2495

206pl/ 207p - Kerguelen {no enriched!

-} Kerguelen (enriched)

2475

" Crozet (no enriched)

2455

B Crozet (enriched)

‘ South America (33 crustal samples)

2435

2415

2395 T ] T T T T ] T
2038 2048 2058 2068 2078 2088 2098 2108 2118 2128

208p, / 206pp,

e Results
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WM Pb isotopeswmmmmmmmmmmmmmmmmmmmmmmny

2495

208pb / 207pb

2475

~|~Kerguelen (no enriched)
-} Kerguelen (enriched)

- Crozet (no enriched)

2455

B Crozet (enriched)

‘ South America (33 crustal samples)

2435

South Africa (10 crustal samples)

2415

2395 . . T . T T . .
2038 2048 2058 2068 2078 2088 2098 2108 2118 2128

208pp, / 206pp,

Correlation bet_th Africa samples

IS s Methods
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%/////AM Pb isotopeswmmmmmmmmmmmmmmmmmmmmmny

2495

208p}, / 207pp

2475+

~|~Kerguelen (no enriched)
-} Kerguelen (enriched)

" Crozet (no enriched)

2455

B Crozet (enriched)

‘ South America (33 crustal samples)

2435

South Africa (10 crustal samples)

2415 ‘ Australia (14 crustal samples)

2395 T ] T T T T ] T
2038 2048 2058 2068 2078 2088 2098 2108 2118 2128

208p, / 206pp,

[ BSUSS e Methods
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WM Pb isotopeswmmmmmmmmmmmmmmmmmmmmmmny

2495

208pb / 207pb

2475-

~|~Kerguelen (no enriched)

= Crozet (no enriched)

2455

B Crozet (enriched)

1435 ‘ South America (33 crustal samples)

South Africa (10 crustal samples)

2415 ‘ Australia (14 crustal samples)

2395 . . T . T T . .
2038 2048 2058 2068 2078 2088 2098 2108 2118 2128

208pp, / 206pp,

Kerguelen (enriched_rica and South Africa

o sue Results
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%/////AM Pb isotopeswmmmmmmmmmmmmmmmmmmmmmmmmmmny

2495

208pb / 207pb

2475+

~|~Kerguelen (no enriched)
-} Kerguelen (enriched)

" Crozet (no enriched)

2455

B Crozet (enriched)

1435 ‘ South America (33 crustal samples)

South Africa (10 crustal samples)

2415 ‘ Australia (14 crustal samples)

2395 T ] T T T T ] T
2038 2048 2058 2068 2078 2088 2098 2108 2118 2128

208p, / 206pp,
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/////////H Sources of depositionzzmmmmmmmmmmmmmmmmn

Kerguelen:

Influenced

by dust coming
from South
America

SeaWiFS image
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/////////H Sources of depositionzzzmmmmmmmmmmmmmmn

Kerguelen:

Influenced

by dust coming
from South
America

Deposition
influenced by
South Africa
during the
austral winter

SeaWiFS image
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/////////H Sources of depositionzzzmmmmmmmmmmmmmmn

Kerguelen: Crozet:
Influenced Influenced

by dust coming = % by dust coming
from South | ”‘A" from South
America . Q?Q_t Africa only
Deposition

influenced by

South Africa

during the

austral winter

SeaWiFS image
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/////////H Sources of depositionzzmmmmmmmmmmmmmmn

Kerguelen: Crozet:
Influenced Influenced

by dust coming by dust coming
from South from South
America Africa only
Deposition

influenced by

South Africa

during the

austral winter

of
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1. What is the atmospheric deposition flux
of dust derived micronutrients that reaches
the remote Southern Indian Ocean?
2. What is its chemical composition?

3. What are its different sources?

l‘ 4. What is its bioavailable part for phytoplankton? .

| , N |
_ ot iRy

R SCIETTTTC COMTERT ISt T Results
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W‘SOlubilityWWWWWWW////M

Bioavailability = Solubility
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WMSOIUbi“tyW////W////W%//WWW%//W%//////WM

[X] soluble
[X]soluble+ [X]insoluble

5% =

Methods F Results '
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W‘SOlubilityWWWWWWW////M

[X] soluble
[X] solubleT [‘i'nsoluble

5% =
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N !SOlUbIlItYW////M%//////W%//////W//////%W//%////////M

Element Range (5 rains)
Al 67% - 96%
Ce 68% - 96%
Fe 51%-91%
La 70% - 96%
Mn 66% - 94%
Nd 70% - 98%
Ti 33%-83%

High solubilities (> 60%),
high solubility for other not measured elements (Ni, Cu, Co, Zn...)
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i ! Bioavailable (dissolved) Fe fluxxu0mmmm

Calculation from:

1) Median of Fe solubility = 82%

Element Range (5 rains)

Fe 51%-91%

2) Fe flux on Kerguelen islands of 28 pug.m=2.d™" (Heimburger et al, 2012),

Bioavailable Fe flux:
23 ug.m'z.d'1 (412 nmol.m~2.d™")
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v & A Dissolved Fe flux in literaturexsssmmn
| Models

23 uyg.m=2.d"' (412 nmol.m2d")
with a solubility of 82%

(Heimburger et al., in review)

80°N

80°N {458 | Estimated dissolved Fe deposition flux
30°N 1 ‘ | ) with a solubility of 17%:

35?; between 3 and 8 pug.m=2.d"

B (between 54 and 143 nmol.m=2.d)
80°8 (Fan et al., 2006)

0" 60°E 120°E 180" 120°W 80°W 0O°
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ik | Dissolved Fe fluxin literatureszmmmmmmmmn:
! Models

23 ug.m2.d " (412 nmol.m2.d™"

a factor of 5

between 3 and 8 pg.m=2.d’
(between 54 and 143 nmol.m=2.d™")
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W Dissolved Fe flux in literaturexs222
) Models

23 uyg.m=2.d' (412 nmol.m2d")
with a solubility of 82%

a factor of 5

a factor of 5

with a solubility of 17%
between 3 and 8 pg.m=2.d’
(between 54 and 143 nmol.m=2.d™")
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oceanlic Inputs wmmmmmmmmmm

0,2 pg.m'z.d'1 (4 nmol.m'z.d'1) in HNLC waters
(Blain et al., 2007)
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High dissolved micronutrient fluxes
over the South Indian Ocean due to high solubility

Micronutrient imputs coming from atmospheric deposition
and bioavailable for phytoplankton are more important
in the micronutrient oceanic budget than expected.



WCOHCIUSiOﬂWWWWWWWWWWWWWWM

1. First direct measurement of dust flux over the South Indian Ocean
Fdust =650 pg.m'z.d'1
In line with atmospheric models but not with previous observation:
Atmospheric deposition flux more important than expected for micronutrient supply.
Using C3erosol to find total deposition flux over remote oceanic areas seems not
appropriate because aerosols collected at surface level are not representative of
aerosols scavenged by precipitations.

m [ssues P Methods r Results f
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2. First chemical composition of deposition flux over the South Indian Ocean
Anthropogenic contribution observed during the Austral winter

3. Deposition received on Kerguelen comes predominantly from South America
during all the year, except during the austral winter where deposition seems to come also
from South Africa. On Crozet, just one source was observed: South Africa
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WCO”C'USiOnW//MWWWWWWWWWWWWM

1. First direct measurement of dust flux over the South Indian Ocean
Fdust =650 pg.m'z.d'1
In line with atmospheric models but not with previous observation:
Atmospheric deposition flux more important than expected for micronutrient supply.
Using Czerosol to find total deposition flux over remote oceanic areas seems not
appropriate because aerosols collected at surface level are not representative of
aerosols scavenged by precipitations.

2. First chemical composition of deposition flux over the South Indian Ocean
Anthropogenic contribution observed during the Austral winter

3. Deposition received on Kerguelen comes predominantly from South America
during all the year, except during the austral winter where deposition seems to come also
from South Africa. On Crozet, just one source was observed: South Africa

4. First measurement of solubility in rainwater events in the South Indian Ocean
High solubility (> 60%)
Bioavailable Fe flux = 23 ug.m'z.d'1, i.e. 5 times higher than the ones previoulsy predicted
and observed. This result suggests that atmospheric supply is the major source of
micronutrients for phytoplankton in the studied area.

W [ssues r Methods r Results !




2vu/Perspectives and remaining questionszzzzzmmmmmmmmny,

1. In order to confirm the hypothesis that aerosols collected at surface level do not allow
total atmospheric deposition flux to be well calculated observed remote oceanic area,
vertical aerosol measurements need to be perfomed.

2. In order to confirm deposition sources highlighted by Pb isotopes, new tracers are needed
such as REE profils.

3. Itis necessary to confirm solubility values found in rainwater samples by new field
experiments on solubility in the South Indian Ocean.



wuPerspectives and remaining questionszzzzzmmmmmmmmn,

1. In order to confirm the hypothesis that aerosols collected at surface level do not allow
total atmospheric deposition flux to be well calculated observed remote oceanic area,
vertical aerosol measurements need to be perfomed.

2. In order to confirm deposition sources highlighted by Pb isotopes, new tracers are needed
such as REE profils.

3. Itis necessary to confirm solubility values found in rainwater samples by new field
experiments on solubility in the South Indian Ocean.

@ What are the causes responsible for seasonality observed in atmospheric dust deposition
during the austral spring? (intensity of dust emissions from sources, transport efficiency, ...)

® What is the connection between higher dust deposition fluxes and phytoplankton bloom,
both observed during the austral spring?

@ Why aerosol solubility observed in rainwater and colleced on Kerguelen Islands is so high?
Which processes lead to such values?

m [ssues r Methods r Results !
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wmdceanic CO2 pumpwzzmmmmmmmmmmmmmmmmmmmmmy

<— Deep water formation

Bacteria

Chisholm, 2000

Sea floor

The open ocean t sink of carbon
Strong contribu thern latitudes
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wrceanic CO, physical pumpwzzzmmmmmmmmmmmmmmmmny.

- -
u“" C02

&

Deep water _ &= o' Deep water
formation upwelling

.;_..I

'.'1._'l-.lq_'-rl:_.._ : -._,.

o

Euphotic layer

Chisholm, 2000

Ocean floor
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wrceanic CO,, biological pumpzzzzzzmmmmmmmmmmmmmmmn,

Chisholm, 2000

» Scientific context P
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wrceanic CO,, biological pumpzzzzzzmmmmmmmmmmmmmmmn,

. B

Respiration

9,2 GtC.yr1

0,2 GtC.yr1

Chisholm, 2000
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mr_arbon export in the open oceanwmmmmmmmmmmmmn,

POC export (gC.m2yr")

e

125

=

100

Schlitzer, 2000

Stron
of high s

latitudes
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ol he Southern Ocean: HNLC areauwssmmmmmmmmmn

[Nitrates] in surface water (nmolIN.m™)

e BE

NOAA World Ocean Atlas

[Phosphates] in surface water (umol.L™")

NOAA World Ocean Atlas
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wPOC vs phytoplanktonzzzmmmmmmmmmmmmmmmmmmmmn,
[Phytoplankton pigment] (Chlorophyll; mg.m™3)

Schlitzer, 2000
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w37 analyzed and validated elementsy0000mmmmn

ICP-AES and HR-ICP-MS
(clean room)

helium
2
He
4.0026
berylium oxygen fluorine neon
4 9 10
Be F | Ne
9.0122 18.998 20.180
phosphorus chlorine argon
15 17 18
Cl | Ar
25453 29.948
scandium bromine krypton
35 36
Br | Kr
79.904 83.80
witrium Zirconium niobium molybdenum] technetium ruthenium rhodium palladium il cadmium i antimony iodine Xenon
39 40 41 42 43 44 45 46 51 52 53 54
Y |Zr [ Nb|Mo| Tc | Ru|Rh|Pd|Ag|Cd Sb|Te| | | Xe
88.906 91.224 92.906 95.94 [28] 101.07 102.91 106.42 107.87 112.41 121.76 127.60 126.90 131.29
caesium '!_L,t;tatli_.lm; hafnium tantalum tungsten rhenium asmium iridium platinum qold mercury thallium hismuth polonium astatine radon
57-70 7 72 73 74 75 76 77 78 79 80 81 83 84 85 86
¥ |[bku| Hf [ Ta| W |Re |Os| Ir | Pt |Au|Hg| Tl Bi | Po| At | Rn
| 174.97 178.49 180.95 183.84 186.21 190,23 192.22 195.08 196.97 200.59 204.38 208.98 [209) [210] [222]
radium lawrencium | rutherfordium| — dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununiom | ununbiom unungquadium
88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr|Ra|*xx| Lr| Rf | Db| Sg | Bh| Hs | Mt (Uun|Uuu/Uub Uuq
[223] [226] [262] [261] [262] [266] [264] [269] [268] [271] [272] [277] 289
m | promethium |- samarium | - europium | gadolinium f - terbium | dysprosium | holmium - f - erbium thulium — f - ytterbium
Pm|Sm|Eu|Gd|Tb |Dy|Ho| Er |[Tm|Yb
[145] 150,36 151.96 157.25 158,92 16250 164,92 167.26 168.93 | 17304
actinium thorium protactinium neptunium plutonium americium curium berkelium californium | einsteinium fermium | mendelevium| nobelium
89 90 91 93 94 95 96 97 98 99 100 101 102
Ac| Th | Pa Np| Pu|Am|Cm| Bk | Cf | Es |Fm|Md| No
[227] 232.04 231.04 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259]




SOl samplingwmmmmmmmmmmmmmmmmssmmny,

Goals

er = i.’

F|eld prospectmg N/N -W of
«Jacky» and «Guillou» sites:

sampling of soils potentially
erodable

ver 500 ‘

analases using using X ray
fluorescence spectrometry
(Ti, Al
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///////” Total deposition flux: variabilityzzzmmmmmm

MOPITT Africa
700 hPa S. America
(ppbv) Maritime Continent
Ef Australia = |'mm— R T e R R
140 —
120
100
80[
60
:|||||I|| NN HNENEEEEE __FEENEEEEE 2 HEEEEEEEE

1 Jan 00 1 Jan 01 1 Jan 02 1Jan 03 1 Jan 04 1 Jan 05

Dates (1 Jan year)

Biomass burning?
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& Aot

9| Total dust deposition flux in literatures00

Fdry - C

aerosol ° Vdry deposition

\

1-3 cm.s™! over the South Indian Ocean
(Ezat and Dulac, 1995; Wagener et al, 2008)

Wagener

FLATOCOA et al., 2008

Al concentrations
in aerosols
(ng.m™)

median + SD

Al dry
deposition flux
(Mg.m™2.d)

1,86 + 1,75 1,00 +0,49
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wANel Total dust deposition flux in literaturesz

Wagener
FLATOCOA etal, 2008
Al concentration

in aeros:gls 1,86 +1,75 1,00 £0,49

(ng.m™)

median + SD

Al dry
deposition flux < 10% >50%
(nmol.m2.d1)

of the total deposition
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/fE8oe Total dust deposition flux in literatureszzzz

Wagener
FLATOCOA etal, 2008
Al concentration

in aero.f,gls 1,86 +1,75 1,00 +0,49

(ng.m™)

median = SD

Al dry
deposition flux < 10% > 50 %
(nmol.m™2.d")

of the total deposition

Difference between fluxes is due to wet deposition calculation

F . =C . SR.. rainfall

wet aerosol
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v/feMoe Total dust deposition flux in literaturex22

Wagener

FLATOCOA et al., 2008

Al concentration

in aerosols
(ng.m'3)
median + SD

Al dry

deposition flux < 10% > 50 %
(nmol.m=2.d)

of the total deposition

Différence between fluxes is due to wet deposition calculation

Fovet =- .SR.. rainfall



/f8@e Total dust deposition flux in literatures

(nmol.m2.d™)

Wagener
FLATOCOA et al,, 2008
Al concentration

in aero.f,gls 1,86 +1,75 1,00 +0,49

(ng.m™)

median + SD

Al dry

deposition flux < 10% > 50 %

Différence between fluxes is due to wet deposition calculation

I:w aerosol . SR -

of the total deposition

121

777/
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/e Total dust deposition flux in literaturezzzzzzmm

Wagener
FLAT A
0Co etal, 2008
Al concentration

in aero.?gls 1,86 +1,75 1,00 £0,49

(ng.m™)

median + SD

Al dry

deposition flux < 10% >50%
(nmol.m™2.d)

of the total deposition

Différence between fluxes is due to wet deposition calculation

_ . Ciuine Py
Fovet = Coerosol . rainfall SR =L a7

Ci , aerosol
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Scavenging ratiowmmmmmmmmmmmmmmmmmmmmy

SR 30000 — —&
A I
AISR erosol
43000 - s g . concentrations
| mm [ Aerosols) L& (ugm?)
33000 - .
—4
30000
23000 - 3
20000 - i
15000 - 2
10000 - »
0 . . . — 0
1207 0109 0209 03/09 0400 05/09 0609 0709

Dates (month/year)
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SR 50000
Measured Al SR (FLATOCOA)
40000 Calipso image
000 5
00
. Clouds
25000
" Aerosols
20000
000
10000 Lat
70 edian) Lﬂn
000

200

Dates (month/year)

Hypothesis:
aerosols scavenged by rain are in altitude and not at surface level

Methods F Results '
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WMTotal deposition fluxesxzz0mmmmmmmmmmmmmmn:

Ratio:
flux at «X» / flux at «jacky»

10
E B Guillou
L ¢ Crozet
i m— Jacky i
[ -

"T'.'.'.'.'.%.%H"
HOHIH

[

L

0.1

Al Fe Mn Si® Co Ti Nd Ce La Ni Ba Cu As V Pb Cr Zn

Elements

Similar fluxes 400km apart)

IS s  Methods
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WMTotal deposition fluxesxzz0mmmmmmmmmmmmmmn:

Ratio:
flux at «X» / flux at «jacky»

Bl b e
: b it i

1§2§!:§$}§; i:i

4 ]

- EE . ' oa}

Al Fe Mn Si "Co Ti Nd Ce La Ni Ba®"Cu As V Pb Cr Zn

Elements
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%/////AMTOGI deposition fluxesxz0mmmmmmmmmmmmn:

Ratio:
flux at «X» / flux at «jacky»

10 -+
L B Guillou
- g Em Em O B OB O O
L ¢ Crozet

= Jacky

HIH
HEH
HEH

i

0.1

Al Fe Mn Si Co Ti Nd Ce La Ni Ba "Cu As V Pb Cr'"Zn

Elements
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%/////AMTOMI deposition fluxes: REEx22000mmmmmmn

Ratio:
flux at «X» / flux at «jacky»

10

+ Crozet
= Jacliy

Elements

Results
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WMTotal deposition fluxes: REEx222000mmmmmmn

Ratio:
flux at «X» / flux at «jacky»

Elements
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/////////H En riCh ment faCtOrSW///////////////////////////////////////////////////////A

Enrichment 10 PbJ 30 Enrichment
factors PbG — factors
at Kerguelen s P PB ’s at Crozet
(Jand G) g  mmmm=- FeJ (PB)
----- Fe G
7 Fe PB
— 20
6

15

lm

5

-y - i

|

0 0
11/08 01/09 03/09 05/09 07/09 09/09 11/09 01/10 03/10 05/10 07/10 09/10 11/10

Dates (month/year)

Anthropogenic enrichment for Pb (and As, Cu, Cr, V)
during the austral winter
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/////////” Rare earth elementsuwsmmmmn

REE/UCC
(Taylor and McLennam, 1985)
35
—&— Kerguelen
. —g= Crozet
251~

2

h..\___ -

1 A = 1 = L 2 e N—

05

La Ce Pr Md Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Elements

REE profils are different between Kerguelen and Crozet
suggesting that crustal source is not the same for both locations
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CO satellite imageswzmmmmmmmmmmmmmmmmmmny,

Images satellite CO, IASI

Results
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/////////H Pb isotopeswzzmmmmmmmmmmmmmmmmmmmmmmmmmmmmn,
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///////H Pb isotopes: local soil contamination?x2

2550
i~ Kerguelen (no enriched
208pp, / 207pp BRASE ( )
-+ Kerguelen (enriched)
2500
. 4 ™ Crozet (no enriched)
2450 — } [ Crozet (enriched)
. @ Kerguelen rocks (26 samples)
2400 o=
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2.030 2.080 2.130 2.180 2230
208pp, / 206ph

No correlation with Pb ratios in Kerguelen rocks
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///////M Pb isotopes: anthropogenic contamination?y
208ppy / 207Pb2-55ﬂ -~ Kerguelen (no enriched)
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No correlation wi_d polluted lichens

Methods
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N ! Solubilityzzzmmmmmmmmmmmmmmmmmmmmmmmmmmn,
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e Dissolved Fe flux in literaturexs
: Observations

23 uyg.m=2.d"' (412 nmol.m2d")
with a solubility of 82%

(Heimburger et al., in review)

TodlE8 ﬂux 50 ug.m 2 d
2@ m=2d’ (Helmburgehét.alf 2012) Observed dissolved Fe deposition flux

o= - df_.-h e

. using a solubility of 14% wet deposition):
6 ug.m=2d"

(100 nmol.m=2.d™)

(Planquette et al., 2007)

Crozet
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ik | Dissolved Fe fluxin literatureszmmmmmmmmn:
] Observations

23 ug.m2.d " (412 nmol.m2.d™"

a factor of 5

- 6 ug.m2.d-"
(100 nmol.m=2.d1)
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ik | Dissolved Fe fluxin literatureszzmmmmmmmn:
] Observations

23 uyg.m=2.d"' (412 nmol.m2d")
with a solubility of 82%

a factor of 5
a factor of 5
using a solubility of 14%

- 6 ug.m2.d-"
(100 nmol.m=2.d1)
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1 Rl !Atmospheric VS. oceanic iInpuUts wzzmmmmmmmmmn:

0,2 ug.m>.d” (4 nmol.m?.d™") in HNLC waters

1,7 ug.m>d"' (31 nmol.m™.d™") close to Kerguelen Islands
(Blain et al., 2007)



WPUblicatiOnSWWWWWWWWWWWWWWM

3 published articles as first author,

1 pubished article as second author,

1 article in review (first author),

1 article in prep (firsti author),

1 blog on my field campaign on Kerguelen Islands (on Paris 7 website),
1 short film (popularization of my thesis research),

9 communications (talk and poster) during international conferences.



W%RecommandatiOnSW//%%//W%//%///////////////////%WWM

1. Testing our hypothesis that aerosols collected at surface level do not allow total
atmospheric deposition flux to be calculated:
a) sampling of aerosols in altitudes,
b) direct measurements of total atmospheric deposition coupled with aerosol
measurements have to be performed over other remote oceanic areas in a continious basis
during one year at least.

2. Automatic samplers are needed to minimaze human factors.
3. Studies on chemical composition (solubility, REE profils, Pb isotopes) of aerosols emitted in
aera sources of the South Hemisphere (South America, South Africa).

Evolution of aerosols during their transport in the atmosphere.

4. Review the micronutrient budget in the South Indian Ocean with our results.

m [ssues r Methods r Results !
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%/////%lehdS INn remote O CeaNm 2z
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Schulz et al.,, 2012




