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Timing of water plume eruptions on Enceladus o LEOMET LT FIADOMMND

explained by interior viscosity structure EHT 5 7Y 2 — AEEW AR &
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At the south pole of Saturn’s icy moon Enceladus, eruptions A3V E0BRSNhEZA IS
of water vapour and ice emanate from warm tectonic ridges™*. DL

Observations in the infrared® and visible® spectra have shown
an orbital modulation of the plume brightness, which suggests ® 3 WIOWHMEEET V& HWT, W
that the eruption activity is influenced by tidal forces. However, U YBR[ 2 S 2 NN
the observed activity seems to be delayed by several hours with ¥ ORI & i\ - ]/ i
respect to predictions based on simple tidal modelss”’. Here ® TR 2 DONEET NLD/NF—

we simulate the viscoelastic tidal response of Enceladus with VBRSNS A v DR
a full three-dimensional numerical model®® and show that the

delay in eruption activity may be a natural consequence of the GEEE NGy

viscosity structure in the south-polar region and the size of » JEX 30 km FEEORTEIED K

the putative subsurface ocean. By systematically comparing
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simulations of variations in normal stress along faults with S+ B 45-60° 1IN %

plume brightness data, we show that the observed activity is it

repruduce_d for'two classes_ of in!:erior mode_ls with_contrasting > 60-70 km D% FME DK ML+ 4
thermal histories: a low-viscosity convective region above a R

polar sea extending about 45°-60° from the south pole at a ERTfE

depth below the surface as small as 30 km, or a convecting
ice shell of 60-70 km in thickness above a global ocean. Our
analysis further shows that the eruption activity is controlled
by the average normal stress applied across the cracks, thus
providing a constraint on the eruption mechanism.

T EZ7 X ANSSDC LV)
® EH:1.08X1020kg

o 7Y a— MEHORT, B A A T—

L p A kT4 F(credit NASA/JPL)

A 257 km ® Cassini ® Imaging Sub-System (ISS) (2 & ¥ FtBfITNnE 7V =
® JEFE: 1,610 kg/m3 — AR = & A
o BUER A 3.94 TR > WIISTAC X ANV EIN T % AT REME
® HLHJAM: 1.37 H(32.88h) ® A[f(ISS) & R4 (Visual and Infrared Mapping VIMS) O#LHIIZ X
® HBDLH0.0045 0 7Y 2 LD B S OEBIAREL TR
® HuBHFA:0.00 S o EHSNIIDEDE—2 i B/ E 7 L (elastic thin-shel) TF
Tk Han=bo Xy 5 EFEND

® —RILOWEMEIEE T V& H WO INE DET U v 7, KHgE ORISR D 5340 225 2 TN IS &
FEPEROIRE & DORR A~ 2 (Fig.1)
> WNEBIEMECE A =7, JKHIR)
> WD/ T A —% (Fig.1a)
> OKHERDOIE S L, fe/ RS o, (KK OISR Y A, MOV Y AT =T DJEE Lsp, &E D
JIENAHAES, LD EIZJEND Y VA7 27 ORRKDOES LA
® 4 ©® south-polar terrain(SPT) (2775 s ) DFFHE (Method %)
> BEEERFIQ), EIHHEEFQ), WNCET R ZiE< Z & T SPT IXhh 5 i) DO EE S % 5
% (Fig.1b)
® WLEMmDIL Iy DFHE & B L (Fig.2b)



il RN & OREBERIEIG A O BIFR (sensitivity)
® [ASPEREIRDILN Y A /NS FTHE =T DX A I 7L 72 5 (Fig.2b)
® JF/PHEE L SPT OV Y A7 =7 DEE Lsp B35 & XA 273 < 72 % (Sup. Figh,6)
® NEEFFOET VLY RERIEE FFOTT L LV EVMEKPEREIR 23 42 (Sup. Fig. 4,9)
BIHHE R & o ik (Fig.3b,4)
® Zff
> EEEPERESR D oo SPT JE W IZ#H WY Y 27 =7 (Lsp< 5 km), f/NEiER(n =1-5%¥1013 Pa - )& HF
ORI IK D ATFAE
> RKEET L
< 50km XV E bk
> EaMET L
< 50km XV #EWHGE+NERMEOILY Y 90-110°
Implication
® MEE FEONEIAEE TIX, KE BRI SPT fHEOATHIRE N, ZOfMo) VA7 =7 TliEvx
I AR 12 GW BB e
® AR A FFONTIEE TIX 15 GW 2B 2 2 WREMEN H D
® Wit ZILET D=0 X 572 % geophysical 72973 M3

b Time after periapse (h)
0 5 10 15 20 25 30

10 - Elastic

- - Global ocean

w . N
g 08 F Viscoelastic .
w — Global ocean
% A =180°
S 06 —a=1200 ;
= — A=90° ’.'
B pap T 4=60°;
N I
o
E
5 02
=

0.0

1 1 L 1 1
0] 60 120 180 240 300 360
101 104 105 106 107 108 109 1020 2500 5000 7500 10,000 12,500
o Magi ! Mean anomaly (°)
Viscosity (Pas) aximum tensile stress (Pa)

Fig.1 WNEHEE DO —fil(a),a OWEHMHEED & &0 SPT Fig.2b $E O BREALIE T (R 2500 s, Hikih - A1

- = N S, N N
(232 e R 5 180 11 (b) AL SN T), FERREDENTIEO LA Y DEY)
b VIMS data without year 2005
Time after periapse (h) VIMS IS5
0 5 10 15 20 25 30 . ks '
030 F T T T [ T T T
—<5%, 7,7 <131 136 70 93
0.25 == <10%, 1,2 <13.3
<20%, y,7 <136 <20% el 6 <20%
. 020 [3
g 133 E.' 91
TIT
g 015 G <10% 50 <10% ~
~ u
010 | 131 40 89
0.05 =
3 <5% 30 <5%
000, 60 120 180 240 300 360 = 0™ -
Mean anomaly (%) 127 3 0% g0 70° 80° 90° 100° MO° 120° 180° 360° 87
7

1

Fig.3b #liE & #fiESAfhbE & OBIFRGR « VIMS &3]
i, FERREAOEWIEHEE (misfit value) DFEL,
INEVIE CBLIEIZEY)

Fig.4 KMk DE S L, WEBHEOILZ D IE A, f/PRESR » O
EaZER Tl TORPE T LD, AOEWNL3D &FLT



