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Consequences for Venera-D

A few questions

v Are remote measurements representative of bulk composition ?
v" What surface composition is expected ?
v" How is the scientific payload sensitive to surface modification

v" What is expected as a function of elevation and age ?
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Fig. 2. K/U diagram for th content of potassium and uranium in the major types of Earth and.
Venus rock.
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Radar reflectivity anomaly, another interesting feature
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A variety of radar-bright lava flows radiate from the
summit area down the flanks of a shield volcano on
Venus. (NASA Magellanimage.)

FeS, Bi,Te; (Ca,Na)PO, PbS ?



To be checked:

v" Iron coating on olivine with associated enstatite?
v' Sulfide or sulfate versus temperature
v’ Persistence of inherited hydrous silicates (mica, amphibole)

v Nothing on elementary transfer into the gas phase



Experimental
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(methods)

XPS SEM XRD gas analysis

HR-TEM

Na,Ca,Mg S

metathenardite, anhydri

DRY GAS

SO,

X
t:k\
[

graphite gasket

VR
co,

co

WET GAS

H,O

oS

\ bt e
N ATt atetatetate;

'S Bttt
7 \ O SIS
.s\\\\\\\\\\\ NN Srinaeieateatrates o

Sttt
%%

Satatetateiatetatetatetatet
et e e ey
K P A
e

N
Lt

g

e
Seltate® S
Satatoreter, ater S
ESeEaeTeth I Tieti—y$
otalotells’
s
S 0 0
EIEstiiar ke
Batatie iatetace
R
e

ofels

<
£33
oot

it

Stators
S
EEISe RIS RIOTRIOeS

QIR

= v

& 5

&

R
L
o
e
S
5
M
o
e e
SEISITIENS
Stetetatetorst

35
o
2535

ot
%
e
2
bk
255
2
o
’:
X

5

titatetetes
st
505
255
hy%ete!
st
505
255
titatetetes
St
505
255
Dot
batesss
byt
&

o
L5
bttt

L
R

XX
S
o
3%
%
oo
3%
O

R
S0
<SS
252
409200

i
st

v
X XX
R
e

Setatetatest

BN
ST
B
s
S

et

e
b

5,

[

e
ooty
K I
Jeiste
K

%0
Nt
0
Sttt
e
B
ST
R
<5
5
<
<5

cla
i
F oo

K F1Ld
MR

ool
2
35
%
25
2
35
hatet
255
byt
St
paget
55
byt
St
paget
e
Satuomototets®
Statetitetes

bt
<5

%
s

st
S eetye)
o,

.
e
e

STt
o
a5

S

2

<
B8

%
0

e
S

oResess?
Seatel
oy

£

9%

st
Kot

250
RIS

B0 o
EESIhts st 1 18
S o

A

Satatetstes
::: et
b

00‘00
e
e i

25
STttt
Jtsates

S

X XL

XX
:&000
SRR
S

<5
<

5555

SN

55
oloress 0‘:‘:’00
22

(methods)

gas analysis

SEM XRD

Berger et al., Icarus 2019



In dry gas

Scanning electron microscopy (SEM)
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About the glasses ...

High resolution transmission electron spectroscopy (HR-TEM) on FIB preparations

Spot# d-Spacing Rec. Pos. Degrees
Degrees
(nm) (1/nm)  to Spot1 to x-axis
1 0.2970 3.367 0.00 85.10
2 0.1460 6.847 1.85 83.24
3 0.2554 3.915 34.64 50.46
4 0.1574 6.355 36.81 48.29
5 0.2549 3.924 69.07 16.03
6 0.1654 6.047 74.41 10.68
7 0.2557 3.910 116.44  -31.35
8 0.1677 5.963 109.08  -23.99
9 0.2626 3.809 148.64  -63.54
10 0.1542 6.484 147.72  -62.63




Content relative to pristine glass (%)

X-ray-photoelectron spectroscopy (XPS)
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Gas analyses by ICM-MS after sampling in ammonia
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Gas analyses by ICM-MS after sampling in ammonia
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(methods)
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about olivine ...

olivine (dry gas, V11)

Small crystals in basalt: iron coating >

Isolated San Carlos crystal: nothing

Table 9.1: Notation for Short-Circuit Diffusivities — =3
: L
w
DP(undissoc) diffusivity along an undissociated dislocation core (i.e., a cylin- o =10 F :
der, or a “pipe” of diameter, §) é - sk
> -12 K8
DP(dissoc)  diffusivity along a dissociated dislocation core (i.e., a cylinder, = - 8_:
or a “pipe” of diameter, &) ‘w —14 | o A
D" diffusivity along a grain boundary (i.e., a slab of thickness, 8) S —16 - 1 oi&b s
d = %, ~
D% diffusivity along a free surface (i.e., a slab of thickness, §) § _18 E 7
DXE diffusivity in a bulk crystal free of line or planar imperfections 06 : 0.8 : 1IO * 12 14 16 18 20
D~ diffusivity in a liquid Equivalent to the

Reduced temperature, 7, /T

diffusivity in a bulk

crystal at 1100°C
(Balluffi et al., 2005)



Behavior of inherited clays under present-day conditions
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Conclusion on the present-day surface alteration

Fo-be has been checked:

yes no
v" Iron coating on olivine with associated enstatite?

v’ Sulfide or sulfate versus temperature  yes
v’ Persistence of inherited hydrous silicates (mica, amphibole) Possibly yes

v" Nothing on elementary transfer into the gas phase Na, Ca, Mg



Key lesson v' Even in the dry modern atmosphere, some rock constituents (olivine and
glass) are chemically modified in the first um of the surface

v Deposition of iron oxide and sulfate coating

What measure remote sensing ?
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Effect of water
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Effect of water
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500 bars H,O + 50 bars Venus gas
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altera&onhickness@dmicron)

Dependence of the alteration layer to water fugacity
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altera&onhickness@dmicron)

Dependence of the alteration layer to water fugacity
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Fluid film (diffusion)

diffusion >
surface reaction

no surface reaction >
reaction diffusion into the glass
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Particle lifetime
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Present day highlands ?
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Next future for the laboratory experiments

Venusian Chamber
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Thank you



High temperature

Early Venus ?

* Deep recrystallization of vitreous material
* Nonlinear relation with PH,0O

* Plagioclase and pyroxene seem preserved



