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ABSTRACT

Tidal deformation of an icy satellite provides crucial information for its
subsurface structure. In this study, we investigate the parameter dependence
of the tidal response of Ganymede adopting a depth-dependent viscosity
profile assuming a conductive ice shell. Our results indicate that the
presence/absence of a subsurface ocean changes not only the range of the
amplitude and phase lag but is also the major control on tidal deformation.
If Ganymede does not possess a subsurface ocean, the major control is the
viscosity of high-pressure ice; the upper ice layer plays only a minor role.
On the other hand, if Ganymede possesses a subsurface ocean, the major
controls are the rigidity and the thickness of the ice shell; the upper ice layer
plays a major role. Our results also indicate that tidal response is almost
independent of the subsurface ocean thickness; in addition to altimetric data,
other types of observational data are necessary to estimate the subsurface
ocean thickness.
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1. IXC®IZ

RN F=HE R 2 FRuls & LT, AR EDOK A R PR A FHE Jupiter Icy Moons Explorer,
WFRIUICE 2w v a VOEFAEA TV D, AFHEIE, MARERKE 2030 F1%
(KR = AT OFBI#GEICEA L, HEEOEREZ AV Tk~ 2810217 9
WEBREI v a v Thadn, £OHFTYH Ganymede Laser Altimeter (GALA)
X JUICE TIT O A= 2D L RLT7T =2 2 b b BINKGETH D
[Steinbriigge et al., 2015]. GALA (XL ——HIERIC LV H = A T REROFIR &2 Pk
ETDOIZHNGNDD, ZDORITIARE D O T L > TRMZ(LT 5
EEZ DD, ENUL, = AT OREPUENEM TITR<HEHATHY, KEL
D EEBESREFIZEE L, W I3 JEIRNCE T 572D ThH 5. BHUBEENRE S
EHIY IR E DD, FrUTxT DR O LT R IIA R O NEE S IIRTFT 5
[e.g., Moore & Schubert, 2003]. L 72235 T, GALA T —X "5 = A5 O %4
WEEZHET 22 LT, T=ATHNEMBMEICETLHEREEL Z LR &
EZohD.

GALA THOLNDTEDH =ATEWERT =2 b, ZONE#KLEZ &
X EEMICIRD D Z RN TELONEMDTOIZIE, WAV T A—Z 2%
HafE LoD, BLEMLNTEETT VA2 AW B - BEmptst 428 L <, #
VWERENEDNT A —=ZTHbBAKGFT 2O ET R MEN D 5. BEIZ
T = AT BT & & WS O XS %2 i~ 72 7 WA D@ EBAFAE T 5 73
[e.g., Moore & Schubert, 2003; Aetal., 2014], Wi d, FEEIZIRONIZFKIETL
IEHE L TOZRND, D WITNEOREEREE 2 Bk L+ E TV o &n )
EDN D 2. BAREBRORKE R HIKOREPERITIREIIEF ITHUR TH D, =R
TOKHGE DOREMERIIRE & T CHE M OEMT HEBZ20NDICHLEDLLT,
FEATHFE TIE—RR 7K MR R DMOE S CTER Y, Ziudmed TIFHRERM T
HD.

RGO BB, KHEOWRER AN E2 BB LN EE T L2 AT, I8
JRWRT A =B ERNZBIT D= AT W ERELZHE L, T=AT OMWE
TERSNEEIE D ED/NT A —=Z i b BRSAKGFET 2ONER/HRLZ L THS.

2. BTNV

AWFFETIE A = A TI3H4% 2631.2km DEKT, 1 IRICEK PR O FEEAE N E SIS
ZFFO LRUE LTc. AMUDs BOKHGE, PNEE, sEK, S0~ b, RO

This document is provided by JAXA.



58, EIINEMER LD 4JEET VA FWTo. OKHEEOREHERLSNA DT X —
X (P, HMESR, KEMER) IIFENT L L, BEELTET AT A—F|Z
DWTIL Table 1 iI2F & 7. WNEBMEDE X Ho 1Tk DIE X Doy DB TH-
Z, LRI MU5km &b X ol2 L. T7hbb,
Ho =2 x (145 - Dsy) (km) (1)

THZ2=. HA~y MVOEXT 1020 km, &EZONRIX700km & L, F7=
EEKDBEITIT = AT OB FEEN 1942 kg/m® L7225 L HICRE L. T
FHRICE Y, ERESER - KENTNUOSEICENTHEWEAERERIZIZE A
EEDLIRNWI ERRENT-DT, AR TIZEIR OGS OF RS R A2 RITHE
A9 5. KM O KPR ER TR DY B HII[Goldsby & Kohlstedt, 2001] 4 1 4
WEICHEMAT 52 ThEX, ZORERMIEIE, FmiEE 100K, TimiikE 273K
DERFMEO T TEFREAL LOBYRE SR A2 2L Thx 7z, 7 —
T A—H KR DOIE X, KHFE TR CORMER, KkomIMER (KEE L &E
JECRIUAE) , @IEKORME, ThoH.

INTGA—H & L2A
K M5 O 5 1000 kg/m®
PN 0D 35 B 1000 kg/m?
A~ MIVOBEE 3500 kg/m?®
& B DI 8000 kg/m®
PN OD Al 3 0 GPa
A~ MV ORIPER 100 GPa
& BB DRI 100 GPa
PR HE O KM =R 0 Pas
EA~ 2 RV OREMER 10% Pas
BB DORMER 10% Pas

Table 1 : Model parameters adopted in this study.

B PR 72 NI IE & 5 D RIR O AT OFH RIS, ki Ba% = 2 A
W2 AT MVIERFNTH D, AL TIE, FFIEOFTH RO ERFH A
2 LI LIV 50T & 7= y-method [Takeuchi & Saito, 1972] & ks IZ s A L
7235 o — F[Kamata et al., 2015]Z V>, ERAEFHFIREL)S 2 CHLE A IEEHE
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1.016 X105 rad/s DA DWW 7 78 hy R T-. T 7 HITER L THY, =0
MOHE X 2T ORNE, RAIINAEOTNE 52 5.
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Fig. 1: Amplitude (left) and phase lag (right) of tidal deformation assuming no subsurface
ocean. Calculation conditions are shown (ui, #rer, and nup are the rigidity of ice, the
viscosity at the base of the icy crust, and the viscosity of high-pressure (HP) ice layer,
respectively).

£, WEEN WSS OFERRE Fig. 11277, @EKORME=R23<10"
Pas D&, WA OIRIEIIRE < (he~14) , MHEBEIIZEEr THD.
ZHUE, T=ATHEB I LTEREE LTHROHE > TWD 2 2Ry,
U3, WK ORMERA>10 Pas DA, WA O#RIEIL/ N S W3 (he~0.05) ,
MM Z 0BG BITEE e TH D, T, H=A7 038 7112t LTk
KL LTIRDES TWD Z &R T . EHOKDREER~10M Pas DA
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TIE, MABIEAIEFICRKE < 2% (<50°) 2%, ZAUIAH = AT VKA L L
TRHDBE S TWVWDLZLEERLTWD, O T7 Y — T A= REEbSH
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DD T-.
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Fig. 2: Amplitude (left) and phase lag (right) of tidal deformation assuming a subsurface
ocean. nnp = 10* Pa s is adopted. Other calculation conditions are shown.

Wz, WNERHENR & D6 OFEERE Fig.2 (8T, Z0O5E, SHKEIIK
Mgl 7 TN L TNDTDIT, AIEOMMEEERKE AL THMYEARIZ
T EILI VDT, TNLSNDRT XA — 2 2B SR EZRT. MW EARIC
RE7BE G ZTWDHDIE, KOMIWESREEKMZBZDEITHD Z EBnn5b.
FTo, WEER L OGS &R LT, IRIFSPEIED /R T A — ZRLFEDR /NS N T
EDGIND . L0 BARIZIE, NEHERH D56, RIMEREOK MG, KT
IOREMERZ RE SIS ETH, MWEARORFEITEICKRELS (he>1) , {7
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Fig. 3: Amplitude (left) and phase lag (right) of tidal deformation assuming a subsurface
ocean. ui = 3 GPa, nret = nHp = 10 Pa s are adopted.

AT CIR_72 L 512, LEROFHBEMARIKHBEORE S L NEHEOE S DIC
BIEORER (1)) Z2IELTZEEDOLDOTHD. LEER->T, WHER S 545
BOMWEREERETHEBERNELLOEITHLION, Tl LEHET
HDHON, ERROFEZ T TIEONER. 2T, KHGEEROE S L NEEDE
XuET7YV—=RTA=RL L, TNUNONRT XA —ZZEE LT HEOHEELT
o7z, Fig. 31T K 21T, WA OIRIE & ALAHEIED W1 &K DR S
IZIRIF LTV D — 5T, WEBOE SITIXTZE A CIRIF LN ERN oz,
ZDZ EIE, GALA I X DWW ETEFHNBIX, H=AT OKHBRORE S &
ETEDL 0, NElEOE I ZHET DL LR THL 2R LTS, N
EMEORE I 25 T2 0I21X, WG Sl oa TR — g URE
HThAHI.
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JUICE/GALA TR = A T A Z RE 2 T, MWWERE L N
& OBIR 2R~ T, W AR, NI 72 WA IS E K ORI i
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BLIRWZ ENgol=. ZH OFERIE, JUICE/GALA TOFHHIE B2 fig k4
HETCTHERMALERDLTHAD.
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