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2 AEEH BEo| oE2PH 27| BARE, 1209 AY U L5318 mdlof 7Rk o] 24 XSHE AR, H NASA QAo
E(Interior Exploration using Seismic Investigations, Geodesy and Heat Transport, InSight) 1] 2] | 218}+4] =0 0] 27| 7}X]
3Hd R Tz tigt Q179 olai7t oG A XSFeS=XE NHH o ARG o]2F R & olaf9 o PR
vl 45 (Mariner 4) 0]% E2]& A|2F(constraint) A 0] AR Z =)o) E(chondrite) I SNC 24 A& E3) A+t
st wdlo] ¥hdst WET 3o 24 o] £A|SE| Gt 3], 2018\ Z-EGE QAP E njAL H 2R A XukE o]-8-35f 3}
A YRE A B ZA, 7| BEES AEL 4T 5= e 2R A HolHE AT A B B Aits o
Al Azt Y £ & of Fof izt 2L =S g3rom, WmEe] thsiAe AdA] X3 M2 20 Ev2A8S Yaske
3h, 3, 4k 5 A Y4 R 20 9ert E2 AA @S HE Y J2 dte AA o Rl Z-2 A E e £
7V 7R A718kH, 3 WR Aol 22 ZEldE AARTE 2 =HL2 ojd T X419 £7 P& 2YT 22X, FF 5}
A BAFE v ] e AT 9% s 7] 2 AR E AA SR} it

FR0]: obg, ok LR 7=, b 2 2, QIMO|E D1, Xl H==2(%

ABSTRACT: This review article chronicles the evolution of our understanding of Mars's internal structure, a fundamental aspect for
comprehending its formation, thermal history, and the evolution of its magnetic and geological activities. We trace this scientific journey
from early models based on astronomical and geodetic constraints to later theoretical frameworks informed by mineral physics and
cosmochemical models. A central focus is the transformative impact of the NASA InSight mission, which for the first time provided direct
seismic observations of the Martian interior. Prior to InSight, models were refined by data from missions like Mariner 4 and Viking, and
by geochemical analysis of chondrites and SNC meteorites, which progressively constrained the composition of Mars's mantle and core.
InSight's seismic data, however, provided a crucial "ground truth", leading to significant revisions of long-standing models. Based on InSight
observations, renewed debate has emerged concerning water budget within a multi-layered crust; moreover, previously unanticipated mantle
structures and heterogeneity have been identified, and a large, low-density liquid core enriched in light elements (including S and O) has
been inferred. Recent studies even propose the existence of a small, solid inner core. This newfound understanding has validated certain
geochemical hypotheses while simultaneously refuting others, paving the way for a new frame of the Martian interior model. We provide
a brief synthesis of this intellectual progression, which will form a basis for planning on-site exploration of Mars and a nascent field of
comparative planetology.

Key words: Mars, Martian interior structure, Martian model composition, InSight mission, seismology, mineral physics
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249 B4, 93HA X3k A1 A (The v, 18
w40 ET} Y on At spe A7
2 FAE P A(terrestrial planet)o] X, X|FLRT} 27|17}
Z11 #R) A 31442 (global Martian) A7) o] §lom Tt
2 $EE AT ol2ie SAL 4L vm sty
(comparative planetology) oA v =E3}3L $Q3
AT Are 2 PHE by YR 28] BAL o o WA
o] Z|7-¢t thE X3t H2E AJ=AIE A¥st=H 58
gt AAE AT, o= 4AF Y AETRRE AF
7Fs*J(sustainable habitability)2 B7|5H= £935F @ Ao]ct,
2 =8 M WF 2o tigt Q79 o]zt o2 A
A=A, 53] A9 S 4 4 5 1A
WO FAE FESHL, 2T APl E mld e A A
A X9t glol8 & Fll ol BA M= olsfe] Fx71 EF
A5 T ez EA%E 27] 2U(1970d ) o] )2
HESH BSof| 7| AlRHE YR E AJZHE|§lom, o]
EAFA AJH(1970-2019)0f] So1AHA 7HAQ1 =24, A
8153 Aok 27 (constrain) 50| FH 0] male] i
o] Hafiflet. 229 At E m]H(2019-2022)2 2 *9)
NAH AN BEE o) 7|29 BE NS AFeL
3P W Tx0] et A2e Akl S Yt Atk
2 =0 olefat A4e) 24 NS AA AR e
SHA| 25l ¢IAbe|E mlido] Eyl ARt v 34 |
AL A apet Ao ko] WRRd S AlASEaLAL gt

2. 3FM LHE 31X ¢1310] A{2H(19704 01X)
1}

2.1. Y3k A= X)| RHO| SHA|

MY "R 93t 2 BSo] o] F0]R]7] oA,
Aok WS Fof B9 Aw W v a 22 72 A
1 AeF 2AEL o|n] SHE o] 31l m(Hall, 1878), &
B 2A(Phobos)9} & o] 22 (Deimos) 2] 25 42 S8 3t
Ao A EHlE(Moment of Inertia)o]] thgt A|2FO Z A
HE E(ellipticity, ¢') E3F AA =G TH Woollard, 1944).
a2 o]zt B84 Ao 2= EskaL, 3 A
A gkt 2o et AR = A SRR 49k7] wiizel,
A7} 3Hdo] fFARE 2445 7HE Aolzhe 7Hgstel 3
3 Yol thgt A7} o] ol Rt}

w2hA 20471 SR o] 9 S i F 2 dAE A
Wol chgt FAl9] ofsfE Hig e s, HESE 3
T WY HAES FAlo d¥sts 4Y-9= 125

TSt ] 2L Ik ofF £7] BRE Birch (1952)
S} Bullen (1963)0] AA A7 Wi w2 A2 315
on), s Smet UE BASUS By Be) ooz
Aot 34 F2(ayered structure) 'd-& WHAHTE 7|
T A9 hEAOZ oF 2900 km Zolo|A el A7)
o} S BASTE, AR A BET 53] B
A Moo T4 Mol washs Aoz HaH
th 2 3 WelAle] A5t S 7} E e b o
2 9% 9 A e Asoz dusc

oleigt AT Wi B Fxstel 158 7] 344
B REEe, $2H AR Aok 24 WEA]] 9
3l Ao 4E-UE BANS T2 Agstect Teht
s Wbl e 07t ois) ZAR] T, AR
Sote} chopat W (el 3,310 km, 3.385 ki 52 /-5t
of A2 U2 R BIEL AALON (Y I E 1),
ol ufel 3 EA) oI% 8 W 3k Aehol chat Aole
sidle] =& gich

2.2. B4 32X ETH 6200l CHet £7] =X

At A o 2 ZRe HEA(9F 3,310 km; Trumpler, 1927)&
71Eo R 3 RIS Mo YWRACE A E3}ER
LUAY, w9 ZHE e A d # AT Y 7S Al
A3 tHKovach and Anderson, 1965; 18] 1a). 0|3t &2
de spyo] A UE FHRWES BE BEA7]7] 9
o, WE} 8o} Eghi|E 2Asle] YR RS w45
Bgel WAS Agaigc AnE o, o) gAY A
=98] 2R Zodt BE Aoks FAlo 5 4= ke
ALt A7t AXE o, o] & I FA FA A
3374 2] mt1o} Biti(magma ocean)E FAJSHA] FSHHH”
=280 F oJojxlth

Hhy, A& 0 2 2 WkA(=> 3360 km; Russel ef al., 1945;
de Vaucouleurs, 1964)2 7143t RdEL X1} SARSH
/& T2 EANE FAIA Jeffreys (1937)= M
“ZE4(olivine, a-(Mg,Fe),Si04)d AR WE - F-9rho]
E(ringwoodite, spinel-type structure, v-(Mg,Fe),SiO,)Z 3}
FUs - A dgY Hog FEEHE 3T 122 U
stlom, A=A 9 o f= AHo)(9F 16.2 GPa, 1,350
km)E 2fsto] WE W EAEHSE ASSATHH 1b).
o ol A o) §hE-2 oF 1,400 km (¢F 25 GPa)2 &
AE G, o] FE35] E3kd WHE AWthe a4
o] 7k}t

o]o]] §k3fl Lyttleton (1965)2 3Hdo] HA S A YA
opom, 4315 WEEE THE PHolets Yad B
& ANBIATHIY 1o). T 9] W 27} HA
E9els gt s AP WY We Aolen v}



tok
0x

LA, R o] ZA57] olFThe A2S W wht
A ATLAA F 14 GPaol A TEEE 20°-2 AL H(20°-
discontinuity)’o] BHJell A 1RTH W (e 10-12
GPa)of|lA] BHAE o 2 o|&3}g ).

X7

3. ERARM AICHOI 2iot E==dsHY HIgF XA

o] M2 (1970-2000)
3.1. kI 4% 012 221X H2¥o| X w3}

QIA0IE DIMQl T|ZIeHY HetS S4I0= 461

Tl Q15 22 ah4o FeBE Buste A A}
22 3p4 Wi 7= mde] Fu Aok 5 o Aus}
3 2 9l A7I7E okAE Ik BA o) 27kA] BHAS) w1
& Tiaat ek 24014 Ale BAE BEOm (Loomis,
1965), o]t Azkat 37 WAL= Hoke Aol 2
FUNS 2AsGT BN B o W
Zo} 0Ys) Any BeFow, YA Yr 72 74
sk WA Ak 24 F shtol7] vl HARHEY
WH 2 5 U Tk B Y ofoigick

19659 1] L2HNASA)S 012 45 (Mariner 4)  Binder (1969 vulelu] 43 BhA} o] 5 Shusl a2
Table 1. Physical properties and interior models of Mars before the 1970s.
Undifferentiated model ~ Differentiated Model constrained by
No-Fe core model .
(Kovach and Anderson, model (Lyttleton, 1965) Mainer 4
1965) (Jeffreys, 1937) vt ’ (Binder, 1969)
Mass 643 64.18-64.28
(10”2 kg) : (Null, 1966)
3,400 3,381-3,387
. 3,309 3,385 ’ o ’
Radius (km) ’ ’ (Lyttleton, 1965 and  (Radius at —50.5°
(Trumpler, 1927)  (Russel et al., 1943) references therein) from Null, 1966)
Mean density 424 3.96 3.89-3.94 3.943-3.971
(g/em’)
190-191
. 191.8-192 o )
Observed Ellipticity (Struve, 1895; Woolard, 1944) (Wilkins, 1967;
e Cain, 1967)
200.3 205.3 187 -
Calculated ~ Mean or polar , , IMR® = )
moment of inertia C/MR"=0.384 C/MR”=0.3589 0.3807-0 3815 I/MR-=0.377
(I/MR* or C/MR*) ' :
Radius (km) - 1,424 2,757-2,853 790-950
Uncompressed - 7.86 4.057-4.067 8
c density (g/cm’)
ore
Mc/Mp (%) - 16.0 59.0-65.3 2.7-4.9
Physical state - Fe core Solid silicate Solid Fe-Ni core
lower mantle
(a) Undifferentiated model (b) Differentiated model (c) No-core model
Homogeneous interior Olivine-rich upper mantle Earth-like upper mantle
Ringwoodite-rich lower mantle Earth-like lower mantle
Small or
absent core
Fe-Ni core
1,000 km

Fig. 1. The interior models of Mars before the 1970s. (a) undifferentiated model (Kovach and Anderson, 1965), (b) differentiated
model with iron core (Jeffreys, 1937), (c) 2-layer model without iron core (Lyttleton, 1965). Modified images were used to illustrate
the Martian surface (image credit: NASA).



462 n=RE

22K A2=6.423x10% kg, A= 9E=3394(5) km; Null,
1967)2 B-g3}o] AALE Hi oA BHE /MR *= 0.377
£ EA7 = AEE 3H R 2ds AASHTH2H
2; 3 1). o] Bele A YR Fxof et FAIH S A+
QIS A= vrggt Ao 2, 3] Anderson (1967)9] 2|+
WE L% 4L 7]8vke 2 315th Anderson (1967)& o]
Aol & gto 2 ZFEE 20°-BdEH o] AAZE F
Mol 2 EHEHOE FAE| 3lem, oF 365-620 km
Zlojof] A o] A ole] ofsfl FAH WS Aol (Mantle
Transition Zone, MTZ)7} &Rttt 4615 th Bernal
I} Jeffreys7} o A3 v} o], AR ST} Aol Ato] <]
Basue gerdol Qe 2710) ujet PectolE 2 Ak
ojst] W7} BEALZH 8 5ot Fdo= AYES
o} 2e)3 o] A7) wAH o FEEels Aokl
BY 5] F03 JVL 517] AAetsich A 19 A
H71&0] FAZ Q8] TEZHA(forsterite, MgSi0s) 2] At
Hol= 213 WAER] ZZ o, AeH(fayalite, Fe,SiOs),
YA 2 9E ZARHA(NiSi04, Co,8i0s), Ak FARAIQL
Mg,GeO, 504 AAA] FZ(spinel-type structure)Z2] 11
oF AFdo]7} 2Rl itk Dachille and Roy, 1960; Ringwood
and Seabrook, 1962; Akimoto and Fujisawa, 1968). o|&
$o TERHA] Aol 8-S 2L oF 13 GPa
600C 2 A4S Fal A=At E3E Si0,9] 121
Ald A3} 29 JLX(rutile-type structured)?] T U= A
(£FE]LeHlo] E, stishovite) &] @/do] o] Fo]X|HA], A5 4]
FolA HAFE AFAAIZE BHA] 22 Hold 5 Sl
o] gitkStishov, 1964). 6] Birch (1952)7} o &3} 1}
o} 7o), BRSO post-spinel T£| MU AHE(-He)]
o] E(bridgmanite, perovskite-type structure, (Mg, Fe)SiO;)
+9| 28| 2|8 o] 2(ferro-periclase, (Mg,Fe)0)”, BAloll=

(a) Cold and large core model

Olivine (Mg#70) upper mantle

Ringwoodite (Mg#70) MTZ

Large Fe-Ni solid core

Olivine (Mg#70) upper mantle

Ringwoodite (Mg#70) MTZ

Bridgmanite + ferro-periclase (Mg#60) lower mantle

Small Fe-Ni solid core

AR A P E = 0] 5= A X513} Anderson
(1967)2 o2t AiE FE3t, sHEME0] Fero|E
oA E3HE MO, FeO, SiOy(2E|4uHlo]E) E2 748
ol 7PgstaL, AEAA FEe 49y BTt 2 3lg)
Au} HEE 7Hlo 2 WE 2AJ(Mgh < 0.75, Mg# = mo-
lar Mg/[Mg+Fe])¥} &%(1500-1900C)E 243}9c} &
3] 1 WEY FHolof uet skl Wittt dE
AAEHH=], Aol A= Mg# = 0.8°]1} 500-700 km 2
olofAl= A9 Tt =obA Mg# = 0.671%] ZAagtrial
S45H4it. Binder (1969)&= o83t A+ WE 2dS 3
A YR 2 ALl A1 Agstth &, x| A ol-
U= IHAE 3439 -2 270 wHA "k, B3
THIE AokS TEA & SATRE EET Aotk

3.2. XVIE ETHOl 2=0F SX TIef 20| Hat
uhe]] 45.9) RhAtol A Qof7l & Shke] A Ak
3H4 9] 27| % (magnetic field)ol| 33+ Aot GA| EARA
2 39 SEHS Tt 7| A=A} Yl E(magnetic
dipole moment)& BX]3}e] o, X7 =72 X7 A
Aol S0t A2 7R3 ZSATKSmith ef al.,
1965; Van allan et al., 1965). o] Aal= 34| S84 tho]
UE (dynamo) 7} EA8HA] S22 ofn|stH, wehA 3
of afo] AR Arelvk okl TR A FH AL A A
AFst EHBinder, 1969). o]2]3t 34L& 314 9] 3 &7}
A-YA a9 852 olste] MEE|of k= G4 Al
OF Z7(thermal constraint) & =514 3133} Binder (1969)
£ olg Zefsio] A0 B L= ZAMNS 14~ 34 ¥
AE Y 7T R 2= ke = AASHGT o] |
9 YoM AR ks T8 Rle) 240] S Mgk =
0.6-0.8 YIS Zt=2 7}43la, o] S uigo 2 Yji mdl

(b) Hot and small core model

1,000 km

Fig. 2. The interior models of Mars after Mariner 4 with (a) cold areotherm and large core, and (b) hot areotherm and small core

(Binder, 1969).
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3o WhA-L 790-950 km H$], AA| A thu] 3 A
E(MMp)2 2.7-4.9% 2 A= Sl o= FAIH ol &2
A 2| 7-) o ArFulE(F 31%) 2 ¥l g of vi-p- 22 gk
o2, ol e oz 22 g 7l AU AARE
th. Binder (1969)= AXYE WSS 236t 7 714 4
o|gt mEl S AT

A A 2 3 a2 e 2r(1/4 T) 233
Ao Az, o] AM/Mp = 4.7%) YZHE HEE 7}
Ao, POl E o] F-9] o)zt dojubA] gFot 2|9
SHE WSl FE= ol TABHA = FHE B
(1% 22). A =3 2R2 o) Wel 2 YA oz &2
SE(2/5 T) 234 9] 2=, Fo] ZI(Mc/Mp = 2.8%),
b s HES Tvhe S 725 ASATHa
& 2b). E3] =@ 22 & =P8 Anderson (1967)2] X
T 2l fARSHA glolo] wat Hol FatE = gt 4
2 FHlE Bols A= s =i

4. XISk 2HHO| o R4 MH| T4 D&

4.1. 2E2H0IEE Scoh e Ml X4 TR0 gH

Z T 2}o| E(chondrite)+= B|9F A-&(solar nebular) T
o Al §=(condensation)o|} &F(melting) 5 A &
AEo] EdE & &3] B4 ol £3HER] 32 Aled
2A(primitive) EAo]ct. ALFEAEL 1950t E o]
3t ZEgo| BV} A9 YA 24, 53] A9 HA &
o A 248 NET & ke AL Brleiget
(Hurley, 1957; Macdonald, 1959; Taylor, 1964). o] 2X-F
TS ‘2 glo|E X3t 2 d(Chondritic Earth Model)’
2 Y 5 HolX|ut, FAZA = AT AA 24 F

H1

(a) Chondrite mixing model

Fe/FeO-rich upper mantle

Fe/FeO-rich MTZ

Fe-S-Ni liquid core

Ho= 463

o2 A 4 9l 7 AFA B BN Wol
oA

olele A Fe olF WY YR 722U
o= HFH o= BEEIT 53] Birch (1964)% A2k
AR vlko2 A7 ofue] Wesl gt Ak oF 10%
2.8 AHelel, ol i) sia) 2jalo] A(Fe)s} 1
(Ni) 9]¢] 7 ¥4(light element)7} §3=o] s 7Fed<
AAEFTE 27 o= F2S)7F 8 FEZ THEGS
U, AL 4ol -7t TEe] ZAfo] A1, Sie] Za}
275 WEA717] ook o2 WhtE ¢t Ringwood,
1966). o] ZKS)o] 2L FHda THE AA|= =],
ol ZLgto|EQ} vlwsto] X7t 9 tiEoA 3] AF
o] T=3iste, 11534 Zto}o]|E(bronzite chondrite, &
Ao HE Ltjuz] EEH0|E) 24 AFE 7HE 74
£ ) A A5HE F APE 4= Sk A+ 23t o]
£ gkl stg t(Mason, 1966; Murthy and Hall, 1970).

o|Fet U9 AE £35ke] Anderson et al. (1971)
< AN B, 12300 A, 230 9S40 FE
=9 AdE ST B AT R 2dS A,
Zolo] Z|o] thgt AE 7INEe 2 3o A8 9 g
Zolo] ZEO|E 20T A= 3 YR 2 &2
ge =519t Anderson, 1972; 13 3a; 3 2, 3). Anderson
(1972) 0|4 9] 3} i Hdl=2 dutyog do] des
03t B AT Y oY B W FYsithal 7t
Astict. o]Hgt 7Hgof 7|8kt Binder (1969)9] &
ZA| /g dfn] o] AElE-2 2.7-4.9%E, XK 31%)
of| w]sl| &3] 22 Zro]Ack(Binder, 1969). Anderson (1972)
£ olgt EYXE adst| Hal 243 Fof Fo] 23k
7he/dE Ajtelele). o] A do de g WEe= 78

(b) CI chondritic model

Upper mantle (olivine and pyroxene)
MTZ (wadsleyite/ringwoodite and garnet)
Fe-S-0 liquid outer core

h-Fe;0, solid inner core

1,000 km

Fig. 3. The interior models of Mars based on the chondrite composition as a proto-planetary material. Models are based on (a)
the combination of several chondrites and (or) incomplete differentiation (Anderson, 1972), and (b) CI chondritic composition

with varying oxidizing condition (Ringwood and Clark, 1971).
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Table 2. Physical/chemical properties and interior models of Mars before the 2000s.

Ringwood and

Anderson (1972) Clark (1971) Kamaya et al. (1993) Bertka and Fei
Calculated mean Mantle: 3.49-3.54
. density (g/em’)  Core: 5.78-5.85 3.937-3.947 3.3 )
Physical
constraint Calculated.meap
moment of inertia - 0.373-0.381 0.364 0.357-0.365
(I/MR?)
Mn.(ture of CI chondritic
. . chondrites and(or)
Chemical Composition . Mars
. incomplete . MA79 DW
constraint model . .. (Ringwood and
differentiation Clark, 1971)
(Anderson, 1972) ’
Mantle FeO 14 3737 for 15.85 17.9
[ - = —
contents (Wt.%) (Mg#=0.68) (Mg#=0.77) (Mg#=0.75)
Upper mantle Olivine +
IE Ii)n cal - Pyroxene + Olivine + Pyroxene + Garnet
cralogy Magnetite
Mantle Wadsleyite +
. Ringwoodite + Wadsleyite/Ringwoodite + Wadsleyite/Ringwoodite +
MTZ mineralogy i Garnet + Garnet + Magnesiowlistite Majorite + Clinopyroxene
Magnetite
Lower mantle Bridgmanite + Davemaoite Bridgmanite +
mineralo Absence of lower mantle layer + Magnesiowdistite + Magnesiowiistite +
&y Majorite Majorite (+ Stishovite)
Radius (km) ~1,525 ~1,638 for ~1,350 ~1,400
inner core
Composition Fe-S-Ni alloy E)i-csn-ltoerailc‘))r}e]: Fe-S-Ni alloy Fe-S-Ni alloy
P (18.6 Wt.% S) ) (3.5 Wt.% S) (142 Wt.% S)
Core Fe;0, inner core
MoMe 12 21 for inner core 19 20.6-21
(%)
. - Liquid outer core - -
Physical state Liquid Liquid Liquid

Solid inner core

a0z 2R3 5= Q32 oY AP AR JAERE
th ARQF 2 3 GPaol|A2] Fe-FeS A9 A4 3 A% Ay},
2 29 Z=4s ¥, ¥4 (eutectic point)o] 4=
ofl A2] o514 ¢F= 10 = LyebgtekHansen and Anderko,
1958; Brett and Bell, 1969). o]= Atjzdo g zu Yzt
S5} M2 spyT 2e WA o] L Ea]o] <
qarHoE HAFL AN A AL B
vHg, Ag, T HHE, WE WE 9 AHe] oY 21
Agste] o] Wiy BAE FAHOE ALbstlaL,
o|Hgt IHJ 9 AloF S WSSt WO 24LE Tadt
Fe-Ni 0] obd Fe-S-Ni A 5 2422 sj4=ch
Anderson (1972)= 3Hd 819] Wx-gb7 IAE ohfset 2
CEgpol|E 243} Bt 23, ojudt & ZEO|ER
AL A ol Bgs] AAISHA| Gethe de EAst

At o 257 Yo AAES F 7HA] 7Hs A= A
31Tt AA, E9F4 B3} Aug] 2(incomplete differentiation)
ot}. wtek shdo] FAEE A7)0 SHEo| FwsHA| &
of &Aool &3] o= FejEX] LY, 47 E 4
2ol WE Woll 2-57g 4= Qi ol 23t B¢ WEL A
© 2 FeO7} Ra}un, 2 o] FHI A 243 7142
7= k. AR = G EA1E 2ol E W) A-3J51(Fe-FeS)
Z/40] 35 H} Fert R3HE o] 31317 dzel, B2 &
oA B3t AlgtE B9 Fo] TR upant FA4do) 7t
Fotchar AX = ek B4, &4 3 AlvhE] 2 (meteorite
mixing model)o]t}. @t g] Z=210]E(ordinary chondrite,
00)2} 7HE Y|o] A ZE2}lo] E(carbonaceous chondrite,
CCOy7t A= o ez S 49 B84 =2
2o A 2hs] BIHE S H i WEY I=E 3
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Table 3. Chemical composition models of Mars in chronological order.

Anderson Morgan Dreil?.us Lodders  Sanloup Taylor Khan and Yoshizaki and
wt.% (1972) and Anders and Winke and Fegley et al. (2013) Connolly McDonough
(1979) (1985) 1997) (1999) (2008) (2020)
MgO 27.4 29.78 30.20 29.71 27.46 30.50 33.0 31.0
FeO 243 15.85 17.90 17.21 17.81 18.10 17.0 14.7
Si0, 40.0 41.59 44.40 45.39 47.79 43.70 44.0 45.5
CaO 2.5 5.16 2.45 2.36 2.01 2.43 22 2.88
Mantle ALO3 3.1 6.39 3.02 2.89 2.52 3.04 2.5 3.59
Na,O 0.8 0.1 0.5 0.98 1.21 0.53 - 0.59
K,O - 0.01 - 0.11 - 0.04 - 0.043
Mgt 0.67 0.77 0.75 0.755 0.733 0.75 0.77 0.79
(Mg+FetCa)/Si 1.60 1.52 1.41 1.35 1.21 1.45 1.49 1.35
Fe-Ni 81.3 96.1 85.4 88.8 83.8 78.6 75-78 86.9
S 18.6 3.5 14.2 10.6 16.2 214 22-25 6.6
Core Other light
elements - - - 0.2 - - - 6.43
(C,0,H, Si, P)

3] Ee] Ak 210l GXAA 4= Slek ¢lE S©1, Anderson
(1972)9] 29l 12 75%9] 7R Y|o] A FEto| E(type
3 CC)%F25%9] ety ZEeto|EVL &34 ¢, =d
2& efye] ZEgolE £40] 63%1t B3t o] 3
AT A-E 7HAsI F 2d B WA P4 2400A
A ol oF 25 wt.%, & AgH|&o] 12%=2 A= RS
™, o] A|7HFe = 35 wt.%) Xt} Ho| AFH M & 4
Btk 53] F =Y B2 glo] FEI HA o] 2AE
A &35t ojuf WA o] 2Tl A WA 7%
o] FAHA & Yelez () & 2% 27 W& M4
T4, ) B2 A 2719 =2 3 Tl I E Ui
A, (3) $1/dl o3t o F B2 RAE S}

3tH, AR A7) Ringwood and Clark (1971)2 314
O] 2 P4t W E APst7] el A2 AEf o] Zfo)
o] FESFATHIH 2b; & 2). AAES Mo AT &
Huyz ZEgto|EX T ARl Sl BAE M= 7
S A5k, A B 17EE Yol A EERolE
(type 1 CC, C1 chondrite; @R EFA| Ao A C1 Z2=2}0|
EE YujstH o]} CIZ ®7))E 3HJ 9 AA| 2402 7}
Akt s mdollA= AEA, 314 (pyroxene), 474
(garnet), A& A](magnetite) 5 3/ WE 74 F==59 2L
239t Ao AEE(F|H) 20 GPa)Q} A2} Birch-Murnaghan
AR A olgste] 49 Y- = IAE ALtsHA
th Ao R, 349 Ht Uk W IYHAES THES)
7] M= T 7HA] 2Fo] dasto] AXEHA: (1) F
7 9F 195 kme] Wi 3.0 g/em® |2}, E= (2) HH4 1638

kmol] Sk AR 4 (Fes09)2] TAHh-Fes09) 02 T
A= Ysjolct. Wk AAELS Si4o] Aol et 2
cato|Ed 248 7 A9, FAE X2kt 1AL A
Moz 748 2 YIS 71 7FsAdo] R0 sjAlelg
o, E3 27|Ako] 2R ke ol 9IA] o] FRa o
A4 elto] $83] 27 ghot tholubm Zkgo] BAslA|
F5}7] vl 2 sy,

4.2. SNC 2M 1t DW DE T 40| HE

1960ty 4 vl 435 7| o2 njma 479
MY FAE AESE A, 339 E7]-31eHA Ao 279
it olsl= FAA o= M3 19719 vhEH 9%
7h 3 Aol Adstod A P4 2o A F-AE A =E
A&} 31 (Masursky, 1973), o]0} %l vlo]7) Q¥ (Viking
1 & 2)&= Q17 229 AFAQ 25 7|vtsf #H 54
9] sl =AE =2 BX5HtHOwen et al., 1977).
o]F3t At7E E|Z Morgan and Anders (1979)= A=
W 25 mol Pojzl Bz, €A B B4 Bproto-
planetary material)©| BjF A2 0 2 HE S25= A4S
Pgehe sl ug Aglel Shel s 9 9 =
S AeF FBIHTHER 3). o159 FHE2 A (volatility)
of] w2 EH2Fg(fractionation)0] PAIT} Z=o|E
oA FLsHA AEFth= 7Sl o] AR ¢
&) A AsdATe YR U, Fe, K, TiE2 AnNg
IZEX|(proxy) & Ao} 3 837 o] At F-F-(abundance)
2 ekt alolglck. FAHOR, US K o 53
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(Mars 5) 70t B3 A3+E(Surkov, 1977), Tigk **Ar v}
o1 HE | 7] 24 24 AHE) eI O5 Anders
and Owen, 1977), & §F2 A AltE WE B+ 4%
(3.55 glem’)9} & AFHE(MM; = 19%)5 WHA 7=
= 27alqlc) o|2iE A2 Yo BEL US-3) 25
T 7HEYlo] A ZErlo|E AJEQ] $7] F7K(ate veneer)
7h A5 Y dAaE RIS 7R S A, v
T Zas T UMY 20] ANEY A XA |3 (Morgan
and Anders, 1979).

3P0) ) 24 THlof) B EORS 1AL R4S AT
EUZEE0|E-AR]| I E(Shergottite-Nakhlite-Chassignite,
SNC) 240 gt 228 Bao|irkEhy 4ol eralst
%), A 7818k4 54 5o vz o Se] Park (2025)
oA THETh. SNC 2412 8-85 0] 3fehd] 2315 72 <
o]ZE=2to| E(achondrite) 2] stz tho] 4 HIET} A
2 Y4 240 33E ZHAE 77, dS 23
5} 919, T4k §-6 9 Helo] AR SIS UAREE)
e, T2 3 =g HILE|(Shergotty) 2419 2/ 2]
frAMd o] Z2tEo] BAHA7L S Y 7Hs S 7 SHA A7
3l YrcH(Nyquist et al., 1979; Wasson and Wetherill, 1979;
McSween and Stolper, 1980; Wood and Ashwal, 1981).
olof thgt A4 ZA= HiolF)o] 8% 3V 7] 2441
EETA 790019] B2 7]4]- A4 9] 914 9 F9] 4 v|7h
4 z|5to] ol = H A S =] thBecker and Pepin, 1984).
o8| gt =2 vpE o 2 Winke (1981), Dreibus et al. (1982),
Wainke and Dreibus (1984, 1988, 1994), Dreibus and Wénke
(1985)0] o] == L&A A7} 3o HA| 247 7|19
AL, o] E8F DW 29l 24do] AHE UTHE 3).

DW male] 814 7bge thet 2k (1) i Mn S =
et F3 Y (refractory) Yt Cl ZEHO|EQ 5
A FREE A=t (2) Mnk fEAo] 2 Ha
1= SNC Y29 £l APRAZ ol g8 25t o] 714
S 2 HE AX FAMEE 34J(Bulk Silicate Mars, BSM) 2]
A 240 AFBE L, o]F Aists Aoldt ARt
A B 7he] B3 Auel et ANE ST TAE S
2, % 7|92 A% BO] B9E /HsheT, B4 AL ¢
Y fa A B 202 S5 Feb XA 9
4~(siderophile elements)7} $-A|5l] AAE|Elo|E 22}
O] E(enstatite chondrite)7} ZAF Q22 AA1EcE &2 B=
AfH o2 el 2402 A 4Tt FHIT 24
Qa7} AshER Ao, CI 2=}l E} g Fio]
o} DW 2d2 g ZA oA FAHE ALk 234 =
< I Y9 AL oA S5 A A&l FTH
2 B 4 W ool ARE £3 BREACIL 4
gtk o] B oA A H= S 27 A7 FaEH ¥

Bl 713, 3 $7] BY o2 WS Alehd &
2y Aol A F7HE= ‘late veneer’ 7F 253 A2
2 Awe. e B9e Cl 2Eatol =] ¥la) Mn} Cr
o] Aol WHEA] gL, BKS) A X7 Ya(chaleophile
elements)©] AHo] FEITH= HolH AsHBe] ML} &
AlFo) 1L A% o] Yol AXRITE &3t Bled
Z|T7F A:B = 85:15, 314 0] 65:352 FAEH, E3| 34
o B A% $0& 249 B4 2 o] (grand tack hypoth-
esis)o] RbE A5 o= SUEIIS 7FsAdol Al71= Ak
(Winke, 1981; Winke and Dreibus, 1984, 1988, 1994;
Dreibus and Winke, 1985).

1970 ] 35} o], 34 o] 2/dof| thgh =l x|413}
s AoR ohet AR Ang $9) A5E]
A1ZFHs Tt Morgan and Anders (1979)7) A9kt sk =
A(o]3t MAT79)2 v o 2, Kamaya ef al. (1993)2 112
I RS B9 14 WBe) BE 24T UE RS
Aeksi o] ol gsiel FFH Uy 72 BAS AN
SHATH L™ 4a; 3 2). AREL A E A G (piston-cyl-
inder), DIA6 1%t A, MAS HE] el Z3|A(multi-
anvil press)S-2] tj21] 119}7](Large Volume Press)Z ©]
3to] The3bE Ca0-MgO-FeO-AlL05-Si0, (CMFAS) A
ZAo A 2t 20 GPag} 1100-1790C ZA3}A HE
o] 9 FE 2 AUH R stk A 2%
Z7-& Johnston and Toksoz (1997)9] &=-A% AL
Zu5kal, k= Birch-Murnaghan A4 21 AH
o2 AR AYAA4(thermal expansion coefficient)
4 A2 &/dE(bulk modulus) 53 A= AT o]t
oz 4ed U #3329 MAT99] 8 24 236}
of 715t A, 3 Y] 3 WhE2 9F 1,350 km 2 AAFE] RS
o, olu) A THRUE A%0364)E R 7
L2 1183t 0.365(Reasenberg, 1977; Kaula, 1979)%9} 2+
A3t o= AR A Aol o IYHAES 4
FHoE AL o oS HolF= ST A3t

$tH, Dreibus and Winke (1985)7} A AI$F DW 2@l 2
ge siaps Aok 24 FHo2 72E mdo|glr]o,
0]% 7| 7] R|F-E2] A4 Constance Bertka?} Yingwei
Feit= Y¥9] 12-31%F A& S=34sto] o 2449 £
A ElgAS ASSIRTHad 4b; ® 2; Bertka and Fei,
1996, 1997, 1998; Fei and Bertka, 1996; Fei et al., 1997).
A2 HE Al ZHAE o]-§ste DW 29| 3
WME S <38 F=(anhydrous) CaO-MgO-FeO-
Al,03-Si0,-Na,O (CMFASN) Al E22 thiS &2 24 GPa,
1,100-1,800C o] £12-912) 2ol 47 ARG



fot
0%
=
i
1
Y
(an]
é
o
r
for
o
11l
IO
]
Ao
=]
1
ot
Lo
|

sttt Ad £ 348 A5 tisiAe Axtdn 9 2
TR o BAstlen, e A=Y BdE T
&gt &% E4(starting materials)S 0|83 BF LY
24 e Atk

AT A, 54 AR WSS 79h, A5, B
(clinopyroxene), APY-3] 4 (orthopyroxene)2] &gto 2
AElo] 9o m, o9 GPaolH APEIH o] AW} Lez)
FEZo| 13.5 GPa7bx] FE51c. of Q12 Baox 7
o] BEA 0 Porjo|ER Adols}n] WE Mol
7} A1ZPEIL), o1 14 GPa R2olH 7k S gcfol 7t
el=&d|o]olo) E(wadsleyite, modified spinel-typer struc-
ture, 3-(Mg,Fe),Si04) & A =] 1L, 15 GPa o]idolA= &
o] H3lH Ao upe} ef=&oloto] E {HY g o] Fot
A ThA] FLoho|ER Holgtt) 17 GPa RojA= &
< =S ololo| EV} Jotio|ER 2hH 5] AP olstaL,
TARIAE 13-17 GPa EtollA] A} Hjo]A2le] E(majorite,
Mg3(MgSi)(SiO4)3) 2 A Ht}. 22.8 GPa o)/l A= &
SOOI EV} 2 H AT O] E G129 HE|R]nlto] E9 nf
IY|A] 92 E}O] E(magnesiowiistite, (Fe,Mg)O)Z 3fj2]
Flo] 3 WES A o]t Abdo] AFL ¢
o|E 9] 29] Za}H|o]E 7|2 7|(negative Clapeyron slope)
of o8l 2= 2Aof wt 2A gAY, Wi 2= 7
3] W2 A shE WEL 340 dAE 7Fs A= A7
k. E glo| Huf o] E(H2HATO|E SL£9] CaSiO;)
7k AT WE2] oF 18 GPaol| A UElU7] Al&tsh= AT &
], & A oAM= Hlo]A|2to| EZ} H B2 CaO (> 8 wt.%)
£ ot tiAlstE = Eink o|=gt Atol= 3
WEo] A|o] H|3] FeO 3ol il ABL=rt Atk 2
A BEAoA 718k AL 2 sfjAHrt

(a) Model based on MA79 composition

Upper mantle

2l QIN0IE D142l X|ZIsHY HEtS S4I0= 467

DW 244 9] JHoj thaA = Fe-FeS A2 11 4§ A¥
< =35 9771 Y= Ath(Fei and Bertka, 1996; Fei et
al., 1997). Dreibus and Winke (1985)7} A A gt 314 &l 2]
TR 14 i) 19 L Hol7] uho], Fe-Fes
oAl B4 24T §-§ LEE B0 B AuE 2
e B4 aQlo] Btk AY 2k AtlA Y TgLE
(988°C )= 10 GPaol|A] @k 900°C & Ztastgon, Tg =
o] 3 TS 31 wt.% — 20.5 wt.% — 18 wt.% 2 o
71l wEt HRA o2 st 53] 14 GPa o)At
A FesS, 2he A2 1Ado] FA = 27 3 (peritectic
point)o] A2 FAsIFITE o|2et A 3 o Qe
ZZ(> 25 GPa)oll A F§ 24T &8 =71 d-WE 4
AXTh oS AP, AR o s M do] 5] o
A A Y 7Fs 3= etk

AAEZ AYS T €2 FE 24T B4R E B
° 2 3 YR U= EZE AL, o] F o]-85to]
ARHE A4S AE3E Tt Bertka and Fei, 1998). X|Z+
DeE 2.7 g/em’Z 7HAE o] Hi X ZF F7 42-150 km
of| thaf| Alikd A ZHE A= 0.365-0.357, X2} U=
3.0 g/em’¥ W= 0.365-0.362°] HYE R A} FA| npA
A9l ZEA(Mars Pathfinder Lander) 3&of 7]wt
3t A FAARHE ZH(0.3662 + 0.0017; Folkner et al.,
1997)3} vlweh o, 39| & ghF 14 wt.%2} WE Mg# =
0.75 27104 ALEE 0.365= BSX| 9} 7P AT
o]Z% utA ZF 2 Aujo|oj(Mars Global Surveyor, MGS)
23E 2o 594 2 A8 ARE 5o B2 A% FA%
30-80 km HYZ A|St=HA|(Zuber et al., 2000; Wieczorek
and Zuber, 2004), o]2{gt A= B2 HIF FF5S AUk

DW 2dl& 7]4lo & 3F Bertka and Fei2] Y& JLx=

(b) Model based on DW composition

1,280 km

1,100 km

MTZ

1,800 km

1,800 km

Lower mantle

2,040 km

2,000 km

Fe-S-Ni liquid core

1,000 km

Fig. 4. The interior models of Mars based on two distinct compositional frameworks from high-pressure and high-temperature
experiments. (a) the MA79 composition model, which incorporates chemical constraints derived from the orbiters and lander
missions (Morgan and Anders, 1979; Kamaya et al., 1993), and (b) the DW composition, which assumes that Mars is the parent
body of the SNC meteorites (Dreibus and Wénke, 1984; Bertka and Fei, 1998).
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MA79E AM£-3t Kamaya et al. (1993)2] =elo| v|3)] HE
FeO 2 & S gho] R3}E o] §lew, o]of wzt Wi 4
o] Zlo]9} s WEL] EA 7hs/dollA TR Aol B
Ak F 2w 3let 2 AFRU LR sho] 2
-0 AES sk, O A0E UE Akl wrgste]
PHEAES ARGk FolA] HEEH FAKE 7
At} 28y Kamaya ef al. (1993)9] g2 ALE mfEo
A A FA R 15 wt.%)o] 11, HE Aoldjof A Hlo]
Ao E o] A o2 Im(oF 60 wt.%), FFLU|A|
2.9 2efo]E7} o W FRi(e 16 GPa)oll Al LEfLh: 5
A Aol A 2to]E H Gt BHH Bertka and Fei] A3
of|A= 20 GPa F-Lof|A] Hjo|x{2}o] E=KE] -8-Z(exsolution)
2 o] mufoo| £} e X Qgfehe Afol7} EAfgH

5. QUH0IE 01 od LHE A9 ZIM: JIof X
2 RO 1ot AD|

5.1. @Y A= MES M X219 SH

1997358 AFE 3 vk gjAuleiel MGSE
HI 23S 24 3 gAL JRE2 7120 #5E 299
= TS AusHA S74g5ks o, A28 oS 23S 2o
F71% stk vk s Aauiely 2549 2| 9-3Hg 7 =
28 4 A=E 53l AAEY Ak £=7F Adst
Al RAE o™ (Folkner ef al., 1997), MGS 2] Mars Orbital
Laser Altimeter (MOLA) 2 Radio Science Experiment (RS)
tlolElE F8l 2Hd Ao AP S| FEs| 4
Hof x|zt FAF Wreof et Fugt A|ofo] Zhssizlch
(Smith et al., 1999; Zuber et al., 2000; Turcotte et al.,

2002). EJE, MGS Y75 53l 39 22 24 H B A=
(second degree tidal Love number, k,)9} FHH X tjjof|
olgkiz 245 2719] Al712} o] 24 E stk Acuta er
al., 1998; Yoder et al., 2003).

MGS 2] Magnetometer/Electron Reflectometer (MAG/ER)
A Eo H22 BAE sy Bk X)zte) 15 Xt
AR AR i 7190 A WA A7l e 3K
&3k 410 10171 2(Noachian) A7) Aol Bhyel=
A W 7o) ZAE-S AN Acufia ef al, 1998).
0]% 2013 NASAO] A TrALSH o] E(Mars Atmosphere
and Volatile EvolutioN, MAVEN)2 &3} 250 km ©]3}2]
Aol A ozt A7) Hlo| Bl & s, MGS]| H] 5}
E2 3= HlolHE Sl o] Aol §A=A] (Fd
Z7] A5 NEA el ti(Mittelholz et al., 2018,
Langlais et al., 2019).

ky 35S 24/d0] B 24 o) ol drbut A HE
HEAE UEhH, 1 3ho] 245 W9 ' 7 (elastic
rigidity)©] S-&3] 2L F o] golsith= A& ou|eith
(Van Hoolst et al., 2003). MGS A3} =4 (radio tracking)
= 59 S4E 2 0.153(17)9 kr g2 1A 3 HES ul
Ase] ] B REAOR el o Fe 9
o] EARtth= et Aloke Al Yoder et al., 2003).
S 3t ol Alotel 514 3] ¥AL 1,520-1,840 km
o, o]t 9] A7]|= S HIET FYaEo] A 9
of Rt o] ISE AR W 2 3 2]9] B8 tigke
2 ¥ 4l BEY 58S 377 B AR (R
B)E&E3ol AT H| who] A= F bk
A8 4= Stk 7 F2oll SAH ke 94 0.163+= ZH2F

Comprehensive model before InSight

1,000 km

Upper mantle : Olivine + Pyroxene + Garnet

Mantle transition zone : Wadsleyite/Ringwoodite
+ Majorite + Clinopyroxene
+ Davemaoite + Stishovite

Fe-x-Ni liquid core (x =S, H, ...)

Fig. 5. A comprehensive interior model of Mars incorporating refined physical constraints, such as the tidal Love number (k,)
together with various compositional models and geodynamic approaches (Sohl and Spohn, 1997; Zharkov and Gudkova, 2005;

Rivoldini et al., 2011; Khan et al., 2018).
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200133 200510 NASAZ} ARG th2] Mg FARACL
2001 #F2 2T)A|0](2001 Mars Odyssey, ODY)2} 34 A
ZF Fl&=41(Mars Reconnaissance Orbiter, MRO)9] A u} 3=
S 53l g A FHe-S HolEHGenova et al., 2016;
Konopliv et al., 2016; Smrekar et al., 2019).

k.gkol 74 a4 zhol| whet FYskA HA WHe wEet
ZAA 9] FFe = 24 E2 QRKtidal quality factor, Q)
o] &= FUFtH(Khan et al., 2018). 3Hd 2] 7
= g BSAAI7E obd Aehd(viscoelastic) 2] H]EHI A
(anelastic) 422 71A|7] wizol] 4] HE Al o|A] & &
4Hdissipation)o] WA, afjg 24 24O AE=E OF
ol Uehdch 3439 0= 3 FHE s 2HEA
9] 99 Zr<(secular deceleration) £ S4S £33 A&
3140l B2 B3] 4202 Aofo] Hgom, 50-150
912 7}x) o2 ¥ IEYTHSmith and Bor, 1976). 0]
S Yoder et al. (2003)2 A Lkl vgtAd a3&5 11
ejolo] el Exirol Y 2 7t k0ot e
She BAZ olgalel Mok AU O 7k (81-103)2 Ak2al
FcH(Yoder, 1995; Yoder et al., 2003; Zharkov and Gudkova,
2005). ©o]& AletH O s E3 85(Bills et al., 2005), 80
(Lainey et al., 2007), 83(Jacobson, 2010), 72-104(Nimmo
and Faul, 2013), 85-105(Khan et al., 2018) 2 LA HY
WollAl Y32l AxkE Yetilleh gRba o= Ogfo] 2
5 APUA7} 2 A E= e A1 Aol A
S 55, A2 AHQ=190-350; Ray ef al., 2001)}
H| w5 o) e 22l Ao S fAdE ¢ = A
t}. o] 39| wiEo] 22 Zlo]] AR} 100-150 K
Y7 (Lognonne and Mosser, 1993), 341 9] dfo] oA
AYell(Gudkova et al., 1993)21 Ao 2 |4 4= It}

2l QUAH0IE D140 TIZIstY Sets S0z 469

11
Ul

2001 mkA @ TyAjo]e] Tubd g Atm+= 3 Y
K/Th H]Z ¢F4,000-7,000 2.2 JUs}A A|2Fst3lom, o]
= A F9e4 B G ot YR e olsfish=
g Z83F 2 S Al F5E K Taylor et al., 2006b; Hahn
et al., 2011). o|el3t Ak WA L] A 7ot 4]
ol 9 ABHE FSRE o AU A 20 2
$5}0, o] £219] nhA 5 A% o) M2 2 314 o)
HAMY YA J3zo) gt A=A Aok Alge et &

% gl

5.2. MMl =4 DHO| [t}

24 7199 I oA 3 1 W Ao Tiek A+
s34 dlojel7} SHETA, O 2Ezo|E9} $U3t o
2 FREE 7P 71E DW 2d 9o =, SNC 4 9] 4t
A TYY4A ErHA(oxygen isotope fractionation line)S
S2IL okt BEOIE 2L JNoE T ARE A
A 3 =4 mdo] A|otE]ITH(E 3; Lodders and Fegley,
1997; ©]3} LF97; Sanloup et al., 1999; ©]3} SIG99). LF
2de A sH ZAS 85 wt.%e] H ZE=Tho)E, 11 wt.%
O] CV ZEo|E, 4 wt. %8| Cl ZEFo|EZ FAI5IH S
m, SJG 22 55 wt.%2] H Z2=a}o| EQ} 45 wt.%2] EH
zEdjolEe] Bgos Aysiarh olelt RAEE DW
ey FUsHA Ho| FHE WET o] FHI I =4
& AT, AR shy 9 gel 9avh o 2
B3l EAS HQlth o]ggt 24 Zjol= (Mg+Fet+Ca)/Si H]
7} vroj ol wek 2k wlgo] et 1AW T4
3} 4EAo] SR WES] HE BE 24 (modal compo-
sition)& =3 K Taylor, 2013). Z}F o2, o]y3et &

2544 2ol AF7o]of T2 B4 o] Zlolo} Smnt

Comprehensive model after InSight until present(~25.10)

1,000 km

Upper mantle

Heterogenetic lumps

Mantle transition zone

Basal molten (silicate) layer (BML)

Fe-x-Ni liquid outer core
(x = sl ol cr H)

Fe-y-Ni solid inner core
(y=s,0)

Fig. 6. A comprehensive interior model of Mars revised by the InSight mission up to October 2025 (Huang et a/., 2022; Khan
et al.,2023; Samuel et al., 2023; Bi et al., 2025; Charalambous et al., 2025; Li et al., 2025).
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oftgt ME W & EXof| % Tt I3 v|Zch

o] % X|&¥ My B nj AT At -F3kske]| gl o]
3] 22 ol2fgt mdl =4S HB7Isl= AZI7F EHAS
w(Longhi ef al., 1992; Burbine and O’Brien, 2004; Taylor
et al., 2006a; Taylor, 2013; Khan ef al., 2018), 3] 2001
kA @ T)Af|o] 9] ZulA B337](Gamma Ray Spectrometer,
GRS)Z2 € dojd 4 EH | K/Th H]E&(HF 5,300)0]
3 AA| 2/doll tht F-83t Aok 20& AlFsisitt Taylor
et al. (2006a) ¥ Taylor (2013)of] Wh=H, AbA F¢j¥4 =
o] 7]8kst LF979} SIG99 =ell-2 oF 16,0002] K/Th H]
£ Hol=dbhy, DW 292 2F 5450 YER 22 (Taylor
et al., 2006a) DW 24 ZA]o|| Y| 2-& A]FL3}shA Aok
HHge 28 24 2dlS A|RBSFATHE 3; Taylor, 2013;
0|3} T13). T13 2/ 2d2 DW Rdo] Z4 =& w2t
RO AR o] 2 HAaEE Cl Z2E0|EQL 7Y
g HlES 7= AA Y] 2ol oJ33] FeO7} 7
ke WME 2A(~18.1 wt.%) VRt vl & ke ot
o] w2 YaEe| tdsA= Al e (moderately vola-
tile, highly volatile, highly volatile chalcophile) &2 L}
o] Z}z} CI 2=gt0]E9] 0.6, 0.06, 0.038) A E o Uk
I ARFsteh E3 3 WEL] HA E TS 150-450
ppm o2 F45t, DW el 24221 oF 39 ppm&] 108}
o= FTMEIAT 3M A e 2RE 7% D/H H
0] A7} FABIAY o2t B & A= UEhken,
A HaE Gl AL} el 22 s3I FE =
Ho| EA5I S 73S AAFRIT

Yoshizaki and McDonough (2020) (¢]5} YM20)-=DW 2
T13 2do] AAE “Cl ZEo|E FAF 24”7 7HS ol
AL, 3 A - AAFAL A7t AEE Aloke F9
sto] 28 3 24 ZES ARSHATHER 3). o F 7|&
(cll: CI Z=ete]|E)o] thet o9& 2ad}s)7| sl 52
E7t w3 BEE-§ 2 HHAYAE A AR B
(incompatible) A5 Hol= W3 214 YA(Refractory
Lithophile Elements, RLE) A}©]9] ratio-ratio THE3]| =2
BSM] RLE At 2A|9S Astgion, 1 27 3 W
E9| RLEE Atn|7} ZEejo] EAjo] 1 HthX| = thef 2.3x
CIge Betk. olo] TAF RLE AL 3 4 1
GRS A9t A3Fste] FeO, MgO, Si0, 5 A& A51E
SRS =531, GRSE K/ThZ K,05 1A% § =2
o 02 HuA AW FAE ol 7)e 24 Yas
Ao 2H BSM A4S AH=sHTE YM200] A ARE i
£ A2 7€ A5 His] H R B2 B4 Holy
(3 3), 95 2dgS 53l olo A-edt= o BEX
ol AAE G e 2, TEE WE B E 24T} Fe-
S-O-H 54/ A4S 2dste] A%, B4, &

(e

N

ol
=

4 ZHE AokS WSt o Al Ea B 24

Aitetar, T A g o A ghol T w2 =E
o] 4k} 27} slo] Hepsio] ALH o Flolat
e Atsth

Khan and Connolly (2008) (¢]3} KC08)2 DW 2d-&
HI 23k 2| 5}8H4] 3hd A 24 Rl o&351A] ¢hat, A
WA o] AT A Aok 2=, By =
E, ko, 05 A0l TS5t WES 24 E 2129
9] 77] W AHEE 522 gXHMarkov chain Monte Carlo
algorithm) .2 T3}k 3). 1 A} S 2A4E 54
4 7|5k A 7sps et fARSte, oF 1,100 kmellA] <7t
o= Saololo| B+ e orfo] £ Holo] 7]eIg 3L
B B To] o2, ARMREIAIS “ARIA > Ce-
S A5 Holo] I o 2 ko] ZAjks A
o2 o =5t} H-mME FA|(core-mantle boundary, CMB)
ZAL 9F 20 GPa, 1,800C & H7}lEo] HRHATl0|E
T} g SR wEe] Wol BEEe] P 1
Y5t o A o 1,680 kmo 2 =2EIIc) ofn) o
A ] HL oF 6.7 glom’ 9] WS 7EA]1 20 wt.% o] 4
o] 9 gepol RFE}. w3k WA 54 2| FesSi 1]
o] 122 240}, 3] CI ZEO|ERTkE ooz
FoeolE(L, LL) AL o /e vlge BU 22
AL 7H32 AR

i, mlo o

5.3. £X| RES S5 HE TRO| Xigt

oF 20009t HF2HE QAP E uld o] H7HA] 31
Wi 29} 23S o] sfistr] {3t A= A Al 7HA] &
of| A EAsfgteE AA, FUet S Am et 2 Aok =
79 AR 3 s Ao gt 0] A8
Ak =4, MY AA 24 Hdo] TSt HA TUgt
Z24 7Pl A "ot Bt B34 Q1 7|2 AT 4= 3l
Al = ek vpR|to =, 3] mEg o) g A4 %13} 1}
A ARkE ZFs= E-38H Alue]eso] AEE S
ojfgt A EFL Tttt 2 HEE dolA 9 F
HHA s Aot WFO = oo

WAARAES] AEslo] B8, b o 09 =92 3 W
Fo] It opgt g 9 9k B4 T Alofd 4
Q= N2 vpH 22 A A|EHHTE Sohl and Spohn (1997)
2 DWRAS o2 3 WRE X802 ndgst
o, (A) = T4 HUE A3 C/MR* = 0.366 (Esposito et
al., 1992)& A3 o & wEsk= ZET (B) SNC 241
ZEo|Eof| 7| Zs1o] MA| 3fe} 240 ti3ESh= Fe/Si H
& 1715 355t 2dS AQMSHrH 3 4). = 2d 25
3 W] Anbiet ot 2RS 5719] 2Pd5] 855 Fe-S-Ni
Szl glon, 11 9|2 Z5E esdololo|EY



SHd LS S 0lohel Zigk Z=Sdlst, TIFeket, J2|10 CLA0IE D189 TIZIsHE Aats S¢iC= 471
Table 4. Physical/chemical properties and interior models of Mars before the InSight mission.
Sohl and Spohn Zharkov and Rivoldini et al. Khan et al.
(1997) Gudkova (2005) (2011) (2018)
3.93 3.93 3.9338-3.9362
Mean density (g/ m3) (Sohl and Spohn, (Zharkov and (Rivoldini et al., 2011 (Is;'i%?gi-r?ig?é?
¢ ensity (gre 1997 and references Gudkova, 2005 and and references ve eta.,
. . . 2011)
therein) references therein) therein)
Mean or polar moment C/MR’ =0.345-0.376 IMR: = IIMR* = 0.364-0.365 IIMR? =
1 orp 2 (Sohl and Spohn, (Rivoldini et al., 2011  0.36378-0.36380
. of inertia (I/MR" or 0.3634-0.3658 .
Physical ) 1997 and references and references (Konopliv et al.,
‘ C/MR") . (Yoder et al., 2003) .
constraint therein) therein) 2016)
Tidal dissipation factor (Smitshoe;rlusioBorn 81-103 85-105
(9)] 1976) > (Yoder et al., 2003) (Khan et al., 2018)
Tidal love number ; 0.153 (Kgﬁg]?jftgaz (K%igs{i% ZZZ
(K2) (Yoder et al., 2003) 2011) 2016)
DW, LF97, SJG99,

. .. and Mohapatraand MA79, DW, LF97,
Chemlgal Composition model DW DW, LF97, and SJG99 Murty SJG99, and T13
constraint (2003)

Bulk Fe/Si 1.35-1.71 1.58 1.24-1.77 1.66-1.81
Mantle Mg# 0.75 0.8 0.72-0.84 0.75
Mantle Existence of lower X X Depend on mantle x
mantle temperature
Radius (km) 1,468-1,667 1,600-1,820 1,729-1,859 1,730-1,840
Composition Fe-S-Ni alloy liel-f;vli-gl:fllg Y Fe-S-Ni alloy Fe-S-Ni alloy
0 « /0 > _ 0 _ 0
o (14 wt.% S) > 30 mol.% H) (14-18 wt.% S) (15-18.5 wt.% S)
Mc/Mp
%) 15-21 20.9 21.7-25.5 22-24
Physical state Liquid Liquid Liquid Liquid

Y oriolER THE MTZ FRH0E o]Rol A% 1
E, 1831 %7 100-250 km] x]Z}o] o]ojRith. 3 o] &
T T2l 314 WE9 A = o) F(whole mantle con-
vection)E 7F435}o] @ S AHthermal history)E ¥Fg3s ot
& 2 A= 2 m(Schubert and Spohn, 1990; Spohn,
1991), M=9] tiF B-&2 Y2 4(Rayleigh number)2}
Al 4~(Nusselt number) 2 Z}z} 29 A9} Boj| thaA] 9.9
x10* @ 2.2x10°2} 10.6 ¥ 6.46 22 A3} =ch 18
I Fat 1009] OFke whEehe Bds vhE7] 9l AF
Burgers 3-5%Hrheology) ZE-& AMESle] HES] 24
B A Z=ads AL ool Fuk &4 o
Bl 24§37 H4(107-10" m¥s)0] WEO| thFE B
Sk HAT R A Yehd AT, oo whE w3t ARk
AE FAFE 7Fe e AXTe =N B iR 29
HEo| 2] RElgS 3 3 R ST 4 o]

o= 7] A3t AT

0] Zharkov and Gudkova (2005)= v} Aol ]}
MGS o|& Zus)|Z #A RHES} kLD O (Yoder et al.,
2003)E THEohs W 2 AIRFSHATHE 4). DW2A
HdS S22 Bertka and Fei®] WE Aol AAE 2
ATHA(F e A 5, IR X2 A WhE, )
3K (forward) 2| 2ElS ALbsto] hET 9o 24 9 A
HE AF3t okleh WA, =2 hE 59l 39 Fo] A
AV Fe U= ZHA At ko] B -HIEY ESiE &
3 BIRHd 7|7t f 8 b E SVA AH R T & ¥
HH7o] 8w, dof 14 wt.%9] 2K(S) Qlol|= FEF
Fa(H)7F dof| e 5 e Akl H-ws
A2} 42 20 GPag H|ZHATIO|E FL29| SHE
o] FAet RS R Agitt.

Rivoldini et al. (2011)2 3P 9] YEE A|oFsl= =X
kA Z}& Q1 WA RHIEQ} hhE 241G Konopliv ef al., 2011)
© 2 AEste], o) viEm g o, X7+ T 9 U,

i ox



WS F=9 38t 9 B A4S v/} o] x|t

AHBayesian Inversion)Z 3HSIATHE 4). 2Z1}F o=
Ao BES WSSt dle 1A W3S 3185k &
, 9F 1,800 km @] ¥ 3} 16 wt.%2] & g2 e
2 FE, ol A P4A Aol FAR @4t
BTk WE, SA5h A R2Ro 2 ME FE W N7
o] F2= A9 A=A ot Fe/Si 1174 5 HA| 24
of gt A|eko] W3 E|ojof Frt= FS A=A F71
Ho2 AAEL TE WE TVl WE o] ghe o]
2usslo|E 29| 24 7Hs4 S AN

Khan ef al. (2018)2 s}Ao] H# W, A RHIE, b,

2 Aol Bstol, Qofae AR ARl vlde] A
Bt &AF 2d(extended Burger model; Jackson and Faul,
20102 E3He G4t B SASATHE 4). B3, A
4 g 7O 2 $ky €} 0 A4S B WE 220 ¢
A} 2717F FA ol A= e, o]of wet 7]E Hito] &
Afet W) §50k 547} o] 3] W Wme] 45 1
AR BAE F2 A= AR 4= A3 o5 F3H 1,730
-1,840 km2] A H-L 15-18.5 wt.%2] & st=FS 71A] 11,
Mg#=0.752] S0l BelmhjolE 2 gEs s1e
Bo] 245 etk AokE Wl

8
o &

e
¢

1o H1 X |o e

6. 2AI0IE O1M: otd W8 X A9 M2
XICH

6.1. XIXIHI(SEIS)Qt ZXI(RISE) ZH|| &gt

2018 AHE] SPol|A] o] AFE AR QAo E 2FEAd2
M WHE A7 A o2 Falslr] {8l A XIA|(Seismic
Experiment for Internal Structure, SEIS)2} 2] ZH|(Rotation
and Interior Structure Experiment, RISE)E 344] €A} &}
H)2 £ 83tk Folkner ef al., 2018). SEIS= 23%T]<(VBB)
9 T27|(SP) AlAE 23t 65 AZIAE, 0.01-50 Hz9]
W Tk oA XX AT E 228 5= QI=E A
E %t Lognonné et al., 2019). o)== 1970 d ) vlo]7] n|
2] B7) 5ol u]3l o} 2,5008(1 Hz 7]2) T 200,000
(0.1 Hz 7]%) 7HAet Aolth. SEIS+ 2% 2 Fdf 3t
X mHle] M opAEIglom, vk 0 e wake Aetsh
£ A5 A2 ko] Q) tmolx8 Haslalsi). o)
&3l 3HXl(marsquakes) T} 24 SE AT E I EE TA
stglown, o] 5 7Rte 2 39| X7t FA|, WE F&, 1
23 o] 8|3 AHE FEL o U3tk RISE= 2H5
At A 7H9] X-band Hu} A130] =58 a5 AU &
Jsto] 3Hd9] A & AR} 255 F4513{THLe Maistre
et al., 2023). o|& F3 B AHF o] AAt E(free
core nutation, FCN)& Z&}5}E0 244, 389 37|(WH4 9F 1,835

HO

+ 55 km), WE(5,955-6,290 kg/m?), 12|31 A-THE A
oA ¢] W= 22k 1,690-2,110 kg/m*)E Aeslatgict. o
Atz do] HA| e SHH o2 YISk, A W
3o EA 7HsdE wiAlstE: o volrt 3 Abd &&=
&) 4714 745 FAH Y=, ol W Sk iyl |
o}, B2 S skl A ol s dud e stk

6.2. X2} CESX01 1 X0 20| =IH o =&t

HAE HA9 A2+ vin} vlcrt WZbE ghEoA]
A, o|F U & S T el 8f AetaL &
o= 748 Z]7] wjEo)|(Elkins-Tanton, 2012), HA|2] %
7] B3 2S5 APk S8 A E AlgethLangmuir
and Broecker, 2012). 3} 9] x|Z-& 150t =83} |3 =}
F2E 7|Htoe &, oF 30 km (Wieczorek and Zuber, 2004)9]|
Al ©F 100 km (Zuber et al., 2000; Nimmo and Stevenson,
2001) HLo FAE 7HA = A= A= ek 343 A7}
9] o] F=(dichotomy; & 5539} Choi, 2025 =)
Hrdshd, Rkt A x|} @ikt LA 2|2k Hat F
A= 242 oF 30 kme} 60 km2 ASE]lom, F Fo AL
0]9] E}Z A2 -§-7]||(Tharsis bulge)= Zf 2F 100 km2]
EAE 71 Ao R FAEtHSmrekar ef al., 2019). X|Zf
FAY FE= WEY AT H trade-off) 2l TAE 7t
27| o] WH dx 729 /g9 X3E Aofst= 3
4l 8.¢lolH, o] 5 FEsHA 8ot A2 IO E +
29} 28} Aol )9 F a5,

Qo= mle) A7} Bolek 25 X4el AeAlS
% 9l(Elysium Planitia) 15-9] 217} Fro] thet Al 2
7] SHHQF 0 olRof7] 920 ko] §FE A7} HL 350
2 o]Fo}7 39 km®] FAL A2HE AlF8I3rH Knapmeyer-
Endrun ef al., 2021). 0|3 27120l k@ 2@ 1} choFat
B4 719 =S S8l Bt A2 FAE < 42-56 km=E
WAk 2ok B AR the) A|Zbo] L OF § kmek 20
kmoll AARE 1Ak 339 FATES Ak FAL A
Z+elo] &Rl QIthKim ef al., 2021; Duran et al., 2022;
Joshi ez al., 2023). o]2|gt S22 7| Yo 2= SHil E
A&, FE 3 o} £X|(Utopia basin) & E&E(ejecta), TF
FA] FZ, Borealis t)5=(Borealis impact)o]] 2]t 2§
23HE, 27] 349 st & 7|7HEet HiRtEo] YR E
ATt 3tE WE ARFY 24 5ol 79515 A
O 2 A K Wieczorek et al., 2022; Frazer et al., 2025).
ol2|gt X7t REL2 QAo E AFFAl0] YX|sh= Al
Bof| FgtE]o] 7] wiZoll, AAH < 3 X 2He] FA
= A PPA T AP A ATt 5 ZdHS S
oF 30-72 km<] HY = AloF=g o, Xzt Al 2 850-
3,100 kg/m*Z2 FAEUTHRE 5; Wieczorek et al., 2022).
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Table S. Physical/chemical properties and interior models of Mars refined based on the InSight mission.

Physical state Thickness and density Composition Mineralogy
BSM
30-72 km & wt%  (Khanetal,
Crust 2.85-3.1 g/em 2022) -
(Wieczorek et al., 2022)
MgO 32.81
Upper ;14’?302 grcln% FeO 13.68 Olivine + Pyroxene
mantle (Samuel et al., 2023) Si0; 46.66 + Gamnet
Solid
Cao 2.66 Wadsleyite +
AL O3 3.49 Clinopyroxene +
550-590 km & Na,O 0.69 Majorite
3
Mantle ~ MTZ 3.65-3.9 gfem Mgt 0.81 Ringwoodite +
(Samuel et al., 2023) Majorite +
(Mg+Fe+Ca)/Si 1.35 Davemaoite +
Stishovite
‘1‘5005__1462 k;?ﬁ% Enrichment of Fe (Mg#=0.2-0.3)
BML ’ ©8 and heat producing elements (U, Th, K)
(Khan et al., 2023; (Khan ef al., 2023)
L Samuel et al., 2023) ?
Liquid 1,650-1,675 km &
A m3 Fe-X-Ni alloy
Outer 6.5-6.65 g/cm _
. . (X=S,C,0,H/9-15 wt.%)
Core (without inner core; Khan et al., (Khan et al., 2023)
Core 2023; Samuel et al., 2023) ?
613 km O-enriched Fe inner core from total Fe-X-Ni core
Inner core Solid (X=12-16 wt.% S, 6.7-9.0 wt.% O, <3.8 wt.% C)

(Bi et al., 2025)

(Biet al., 2025)

53], 4 =0l osf TAE A Xuk= Feet XY 944
7h gtRE o 2x 71ERT HUet A7 2 QA 7S
sHA glom, o]F F8fl oF 52 km9| X2t FAE Hirgh
FAlel oF 6 km®} 25 km Zlo]of| EXsl= BAE A5t
ATHSun et al., 2025). ARZ=E ~20 km FAHS 27|
o}7]2(Noachian) Z|Z}9] 315 A= A|¢ts}m, 27| &3}
o) HAH L2 A|7to] BAYAE WS AUrkn A
5134tk 551 0] ~20 km AR AAjo|= ZHx]2} ok 4,000
km @ol7] A|ojo] A wAlet AAnte] 517} ¥hAKunderside
reflections) & 53 4 WAl 72 7HsAo] S2ikt]
WELO|(Li ef al., 2022), 27| A Zhe] BEWHO 2S4S 2
U= A E AlFeteh o X2t H AR WEoA] F2
P-Su} &% (Vp < 7.5 km/s, Vs < 3.5 km/s)Q} Vp/Vs H|-&
(~1.85) 3HF Azt AR WE AA A 2% n|Tke] K
£ 850l o3t A& =S| EAY 7FsdE HEST o]
= A2t o] ARl A HY EF E5ollAl 71Q1gt
u1nf S ZHmagma underplating) o] Q3] X F o2
AT = Q32 AAFRIT

T3 F8 9 A2 A5} A E Yy ndgS B9
gt A= S sHE 2ol HA| Ao Eo] EAE 7

H—‘

2 AQr}H o W H(Wright ef al., 2024), Jakosky et al. (2025)
Z ol2|gt sfjAof thsll, S3F A2k i Z3 = T
Ho|z] gfor, #EH Ao = AR AL mH2: FHE
5] A 7Rsslchar vhalstith(Jakosky et al., 2025). 3
& dAFolAe FAEFECIY BAME T 2223 FE0] ¥

p

2 A& A FAT AFEYSH 152 THE W 5
[} Ke)

25 HolFQl O mW(Xiao ef al., 2025), -2 315 Az
o] WS AA ZguolE-HHeolo|E WA H(prehn-
ite-pumpellyite facies) W FE g olo|E-NE]zEto|E H
A (pumpellyite-actinolite facies)= THE F-ox F&E
a2 sl Qo] Wmel v $EE a7l o
Qo] g 4 okl AP = UK (Palin er al., 2024). o]= ¢
AlO|E AmRto 2= X2t f 59 EA o5& I
ofRIThe B g Al

A ES T3l Bre Xl 349 X7 A S +E
S 94 A7 B W FE AT DY Aol
9&-& Aste, theae) 4R Azt Zo] EAsHAL
E3} JeR93 B2 A2 Y 5k A2ke] RS hAle
o o= A|7ho] FAIS} WEE HE A oFsl] flshiAl=
A2ke] QA skt Brre] FBAE o 12 PRk 2

X
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o] HHA Y A= FA3 .

6.3. HE: BMLI} ==7&4

QAo EZ} &A% P-u € -1} 545 53 3 e
AR= AT FAHA “dEA-etesd ool E-Y%
tho|E” Ho|e} e o] F2E mEs 2SR e
o} ZEu Aol Zlol= 3o RE S o ® Qsf A
Hroh o Z2& ZoA A, o)zt doluhs F17tE
L ¥ o]RAtHuang ef al., 2022). g A= 9F 1,000
km Zlo]of A o] o] AT E ZABIA L, o]= 3 WE
YR = Z]79] 410 km-EdEHT} 22 T3 595
Ho| A A AISFAtHHuang e al., 2022). SHA|TE 2|
T-9] 410 km Zo|oll A= A o] efeg|o|oto] ER 4
o] sz RHd, 3 ME9] & FeO T2 &4 1
& AHoloA etegojolo] ERT §erio|EQ ¢HY
B W5|7| wzoll Aol ZojoA 2] &E=eF Mg#ol
w2t o] o gt FEo] At Tsujino et al.,
2019).

| X 5}ko] AHgk(Seismic scattering) £4 A1}, M4 WE
o Shg THE(1-4 km) o] AHe B AKo] A BHH o
Hxsto] Eolx] It Charalambous ef al., 2025). o]+= ]
FolH #2 U3 28] oJ8) BREE BN g,
SPYOINE At 35 2 vh1o} vicke] 25} Pl
71908 Aoz HHLt oleigt HEAHS ok 459 W 5
ok 7o) B0 glon, ol B4 W] HAE} oS
o] o5} o) vl Rl o] YAIHe Syt
thapge] BTk REEINLS elulaitt. ofelet WS 2
FEANLE S Aol iRt AEErA &7 Aol A
Eik= 3 e A8k EdEd e ARt Udry
et al., 2020; Day et al., 2024).

A WS G (500-1,500 km)of| A= A7} DE] W
A A1} 7+4](attenuation) 7} HEE] QITHL ef al., 2025). 9|
£ M WSo] Ax(dry)staL, YR (grain size)7} M,
AE o2 W2 255 YL JIS-S ARRI o3t &
L M e = AR 8= 7H 4= A9HDong et al.,
2022), AA| g2 AR S AXET EEo, 3-T
< AR olAE A(Fe)z} A FA8/d¥4x(heat producing
elements, HPE)7} 2315 7] A5 492 8-§(basal mol-
ten layer, BML)o| EA¢ttt= A FE2|eH4 SA7 Hu
E%th(Khan et al., 2023; Samuel et al., 2023). BML-&
o] & t|RE olAlsk, WS} o) Afole] 4-5f3} Wk )
Al F22¢1 e vIFE 7FsAol Atk Khan et al.
(2023)2 BML] A2 oF 150 + 15 km, WEZ 4.05
glem’E A TFRAOH(E 5), ol= M9 A7 & st
5 Aok 94 2902 BoE,

=

o|gfg A3M= s MEo] AT A AEHE §X
s, 2719 24478 EA/do] e &2 Fol & A
o2 fEdct o|yg EE5 EAL A HE g,
E5 719 X4 skt S, 283 A1) 27) &4
2 olojFlrtal g 4= gt} 0|3 BMLY] EXjj= 3H
WELY -2 5 TS AEE 5= 917] iZoll(O'Rourke
and Shim, 2019), &% BMLY] 3184 J& #81 WE
e At 3 WEe 29} ABE oS ol3)s)
7] $15t A A2 Fo} ik

6.4. 34: 31 ULEJF 2 K| SHk 1TH| LHE

QA Al A Ao\ A4, BE iR ST,
T2 3 1A WA sl FAH kg g
QNfolES] A KT} AR E Fa) 27lo] 29 o WS
OF 1830 £ 40 km=Z, H Wi 9F 5.8-6.2 g/em®2] ‘ufl-$-
7P Aigk o g A& Ick(Stihler et al., 2021).
o= QAOIE o] A9 43} FUSHA Ao =24 A7t
A U= ZdSHA| AAFSEAIEL, 71 dl&4kel oF 1,720-1,810
km 37|12} 6-6.5 g/cm® (Smrekar et al., 2019) W= ZrRTh
gL 7P & H3 AARIE o|BEE W UWEE 7HR]V]
A= ) R BHS) HIRSE 412x(0), =4ax(H), &
2O 22 Hdaso| Bd 2452 B9l AtH T=F
9] At 291 17-22 wt.% 2 Eh= A& AATHE
1). 3 0|9} 22 T i o] A o] EA= HejX|nht
O|EZ R E& SHE WEY FATY A2 E= HollA
ATt F 83k Aol & Heltt.

o] % 3Hd H-TE A N4 F 150 km F7¢] BMLo]
HuE, o) v 3t JIRkE o501 oF 1,650-1,675
km9] v|n A 22 310 2 +~AE|QTHE 5; Khan ef al., 2023;
Samuel et al., 2023). M7 IR 2 g RAEQ] HH
DEE 6.5-6.65 glem’Z QIALOE 27| %] o] H]sA
L th Z7ksou, oleidt WEE g JaH
o5 & 7 2 Bo] WRBITHE )

220 AAIE Yol e AHn 4RE B
Astol Hg BooHz e AT SAHS Adelod, 3
Z4130] ©F 613 km W73 ) 1A visfo] £AJ 5 912]
BOEQTHE 5; Bi ef al., 2025). AAEL i) ojsiz}
IA WEle Tt 914l PKKPL W3- 9|3 7 A H(in-
ner core boundary, ICB) ¥tA} 941 PKIKPE A&
24 3o Aol gt A7 FAE AAsH e,
FA S8 W9 2719 W=E A|oFstitt ol& &3l
THRICBOA 3T} W3l o] Wiz Zjol= oF 2-12%= &
D= 3 Ho|X|= gL, o] QIAfO|E o] A 9] =8 A
F2ZQl ot Y=ot B BHEE ThEA]7] =1 23]9
oS AlFetch TR 1A HOJ H|w A Fe U= A
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T Aeart Y AAs o] pRbESleS AARITE
AAEE S-0-C-HY Y|717] B4 FolA Y S854d=
IA FF= e FARCE A9kl ICBA U
S BE 2712 0% Ak Ahv} Be 8 24S
AFEFTHEE 5). ©] 739 FeO /d+o] F3H 14 Walo]
2 8 2roE A3 E 5 oke HollA Ad 2
(Yokoo and Hirose, 2024)9}= A x]3c}.

Cholubm ] A 7 8 mUES 27] Ao &
Ao} Bl A71 FAF ol A= A 4= Sk WA
ol F33k Bo] Fe-Fes o|dAe] BH2A(F 15 wit
S)oll 717] wiZell 27487t A& E = B =7F oF
1,200 KAE2 o2 LrolxIthMori ef al., 2017). o] wj&
of 2717 B9 A4 UEe T shtel A o 27
315 WHeliste] A A P A7) BA e & F
SFStoK(Stewart ef al., 2007). 7] X742 FA] Llo=z
+= &3 Q2I(Breuer and Spohn, 2003; Williams and Nimmo,
2004) Z-& FeO2] -€=(exsolution)o|t} Y& AA3}ke} 2
2 2AA 221(Tsuno et al., 2007; Hemingway and Driscoll,
2021)9] 9Jsf F-F5t RS 7Hsdol EARTE 27] 3¢
w2 P2h2 o3t 8ES AT 9T stof, I
AHoR ol R e WX )T §As] EES 7
2 Zo]tk(Stevenson, 2001). BMLI} AX.% o] s} %
HollA) B, BMLE a7} i xjole] @ e Akt
£ 28 9T st 9 Y4 m di{RE A Aol
th(Samuel ef al., 2021, 2023). wr2bA 3449 A PAZH
2A717o] H|w A g2 AZF Yol &g 4ds Aed 5
It} 2J3e] 2 w271 40] BAje} ménA) gk
ao] 2SR Qg cholume] why ol 8 st &
Zob kA, T3 ATt A 9F HA| A Abolof A o] E
Al EE=A F oz a]lol wat g2pxith(Lister and
Buffett, 1995; Stewart et al., 2007; Hemingway and Driscoll,
2021). 3}/ o] 27]0f WhE YZto]| pitE= G4 tholus
o} 2435 B8l A= AT, A5 =9 W
7 &% FRIAE AR SEA IR LAY 5L A
&80l asto] S8 UE Aolg BEA £ 4 gt
(Stevenson, 2001; Williams and Nimmo, 2004; Stewart et
al., 2007).

QAOIE BlAL 3Hy sle] ]9t WES ARste
2 A|oFeh= A dol, EA 77 EEARYE =2 W
2 225G WA AT ooyt 53] BULE 9]
W} Zh2 A G o)7] e W BHES} hE ol &
3 meol A o] Azt Fo] olziy A2E F4)
Ak BR)7} 7R3k cHSamuel ef al., 2021).

QUALOIE AL E3) Aot AUSL uhFo = 5y
o] thgt Fe 2 o] MY A FAIEE= (1) Fo] THT

XISP&rst, J2| 0 QIA0IE 01480 XIXIsH Hets SAO= 475

9813} FeO7} 318 1A Wale] 242 mck Fush
AeFala, (2) BMLE 53 8- AAoA o] dsjss]
452G A9E FHHL, (3) ] BAT tholupm
W L 2w Qi BAS A0 TS Aol &
F3c |2 oA o B AT B2, L1 A,
793 Jag X md o] aslofop & Aoltt.

6.5. IFH D20l Hlw & EIL: 2IA0IE Z1tJtH I
2 M2 CHIQl Hat

Aol E vl o] Ak BE2 3 iR 7= a4
off 2221 2ot AeE 7SIt 20194 o)%19] A
T F= AFeers mda 2R ARl A -E 2l ehA A|oF
2@ BHE, kb, 5)= F8 ol 7MY =EH o=
B7PE FAsh Attt SRR ol 2Rk 7 A oF
< 3o i A=Al 24, WEY] 53ty S
=72 37 2H(E ) AelollM At A BAY
g5 zdfsto], B A glojA wjaa g2 He o
7Fsd& 7= e S WAk

T2 APl ES HHA QL A Zlut glolHE o] =3
ANA 71E Wi 72 BZES9 2SS vfRo= i
A7) T AR Gl A2 =R, A Ui di
Y A, e Ed2A, A Y3 EA s &
ot ol 3Hd Wi ol3f W ol 0|24 FE9
AP oA <A S 719ke] S Al = A a2 oulRt
o} o] A2 7|&9 nE HdS AHristal, 53| 39
7)ok 24, WE2 S B4 TollA 71& Zdo] o
S3HA] ZE A2 AMdES el o 71938k &
O 2= A Aoz Ed Mo Wi F2E 7]
L9 PHES(L- 1Y Ad, A 2dR) St
LS B = 3HE, o & W= S| A e} 7
S ES olsfisk= A7I7E 2 o= ik ol A ek 2
of MA|of A= Hla PAgskx A Aldi7E = HE=
A -EE

7. 22 U S MYy

ah4 U o] T Q19 of3lis theat 2
# sk 39S AR 2R, 19704 0) ool AlgHE 2
ARG B2 AT B 7N o2 o] vEF
o S, BAL Aol uelui ol Hol7) B9 4TS F
sl Bel2 Aoko] Fusizla, EEeto|E W SNC 24 @
T8 Fof A 7ot mdo] WSt WE R 8 2o
ot 27g0] FAIStEIgIE. vhuko 2 0] Qlajol )
e Hzo) A B2 B3 1Y i = ofafo]
dat a2 s)ue] AEa Sust 5& APk FA
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