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Jovian icy satellite Callisto is comparable in size with Mercury. The average density of Callisto 

(1.8344 g cm-3) is the lowest one among the Galilean satellites. The density of Callisto suggests that it 
is composed of a mixture of H2O ices and rock. The term “rock material” is used here to denote the 
mixture of the iron-rock (Fe-Si) component composed of dry silicates or hydrous silicates and iron-
sulfide core material (Fe-FeS alloy).  

An important question is the possible existence of a subsurface water ocean under icy crust. Geo-
physical data indirectly support the possibility of the presence of a liquid layer (ocean) beneath the 
solid ice crust. The existence of a water ocean was recently supported by magnetic measurements ob-
tained with Galileo mission. The discovery of the induced magnetic field of Callisto has been inter-
preted as evidence for a subsurface ocean [1].  

This work is an attempt to construct a self-consistent model of the internal structure of Callisto us-
ing the proposed approach that integrates the geophysical (the mass and moment of inertia [2]) and 
geochemical (composition of meteorites) constraints [3, 4]. The equations of state of water and high-
pressure ices are taken into account [4]. Ordinary L and LL chondrites are taken as representatives of 
the nebular matter. The paper presents the results for determining the thickness of an ice-liquid shell, 
the mantle density, and Fe-FeS-core sizes of the satellite on the basis of minimizing the deviations of 
the calculated and observed geophysical parameters. For this goal, we have used the THERMOSEISM 
software to estimate phase relations and mantle density of the satellite [3]. 

The problem of modeling the internal structure of Callisto is described by a system of equations 
specifying the conditions of thermodynamic and hydrostatic equilibrium, equations of state and heat 
conduction, and mass and moment conservation. We consider a six-layer model of Callisto consisting 
of an ice layer, a water ocean, a three-layer rock-ice mantle, and a rock-iron core (Fig. 1). 
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Fig. 1. Internal structure of Callisto 
 

 
The densities in the mantle shells and core radii are found by the Monte-Carlo method: the en-

tire range of the geophysically and petrologically allowed mantle densities (ρmin, i <ρi<ρmax, i) is exam-
ined and those values that obey the balance relations for the mass and moment within the uncertainty 
limit are chosen. The core sizes are evaluated from the conservation equation for the mass. 
The concentration of icy component in each (i) rock-ice reservoir was determined as: 
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In these equations ρi.Fe-Si , ρi,ice, ρ, and Ci,ice - are the densities of the rock-iron component, densities 
of ice, densities of the rock-ice mixture, and mass fraction of ices. 

The weight concentration of ice does not increase with depth, because the denser rock component 
can move relative to ice only toward the center of the satellite. In the present study we proposed that 
rheological behavior of the ice-I was non-newtonian. In this case the outer ice shell becomes stable 
against convection [5]. In agreement with Ruiz [5], the distribution of temperature can be calculated 
from the conditions of conductive transfer in an ice-I layer, and the temperature profile in the fields of 
stability of water and high-pressure ices goes along the adiabat. 
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FFiigg..22..  IInntteerrnnaall  ssttrruuccttuurree  ooff  CCaalllliissttoo  with aann  iinntteerrnnaall  oocceeaann..  TThhee  mmaaxxiimmuumm  tthhiicckknneessss  ooff  tthhee  oouutteerr  wwaatteerr--iiccee  
sshheellll  iiss  331155  kkmm..  TThhee  rraaddiiii  ooff  tthhee  rroocckk--iirroonn  ccoorree  ffoorr  aa  mmooddeell  ooff  CCaalllliissttoo  wwiitthh  aann  iinntteerrnnaall  oocceeaann  aarree  iinn  tthhee  
rraannggee  ooff  00--995500  kkmm......   
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FFiigg..33..  CCoonncceennttrraattiioonn  ooff  iiccee  iinn  tthhee  mmaannttllee  aass  aa  ffuunnccttiioonn  ooff  tthhee  tthhiicckknneessss  ooff  aann  oouutteerr  iiccee  sshheellll..  
  

WWee  hhaavvee  ccoonnssttrruucctteedd  mmooddeellss  ooff  tthhee  ccoonnssttiittuuttiioonn  ooff  CCaalllliissttoo  ((FFiigg..22))  wwiitthh  iinntteerrnnaall  oocceeaann..  TThhee  mmaaxxii--
mmuumm  tthhiicckknneessss  ooff  tthhee  oouutteerr  wwaatteerr--iiccee  sshheellll  iiss  331155  kkmm..  TThhee  rraaddiiii  ooff  tthhee  rroocckk--iirroonn  ccoorree  ffoorr  aa  mmooddeell  ooff  
CCaalllliissttoo  wwiitthh  aann  iinntteerrnnaall  oocceeaann  aarree  iinn  tthhee  rraannggee  00--995500  kkmm..  GGeeoopphhyyssiiccaallllyy  ppeerrmmiissssiibbllee  ccoonncceennttrraattiioonn  ooff  
iiccee  iinn  tthhee  mmaannttllee  aass  aa  ffuunnccttiioonn  ooff  tthhee  tthhiicckknneessss  ooff  aann  oouutteerr  iiccee  sshheellll  iiss  sshhoowwnn  iinn  FFiigg..  33..   

CCoonncceennttrraattiioonn  ooff  iiccee  ((4400  wwtt%%))  iiss  ccoonnssttaanntt  iinn  tthhee  rroocckk--iiccee  mmaannttllee  iiff  tthhee  ttoottaall  tthhiicckknneessss  ooff  aann  oouutteerr  
iiccee  sshheellll  iiss  mmaaxxiimmaall  aanndd  eeqquuaall  ttoo  331155  kkmm..  The content of water and ice in Callisto is between 47 and 
54% (Fig. 4) for a mantle model composed of dry silicates + hydrous silicates and 49-54% for a man-
tle model composed of dry rock.  
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FFiigg..44..  BBuullkk  ccoonncceennttrraattiioonn  ooff  Н2О iinn  CCaalllliissttoo  --  ccoonncceennttrraattiioonn  ooff  Н2О includes the total amount of Н2О in 
the outer shell + ice-rock mantle with dry silicates.  

  

40 80 120 160 200
Thickness of outer ice shell, km

0

2

4

6

8

10

12

F,
 m

W
/m

2

T = 100 K

T = 130 Ko

o

 
 
 

Fig.5. Heat flow F as a function of the thickness of a conductive ice shell of Callisto. 
 

Before the onset of convection, heat is transmitted into Callisto's outer ice shell only by conduc-
tion.  UUssiinngg  tthhee  pphhaassee  ddiiaaggrraamm  ooff  hhiigghh--pprreessssuurree  iicceess  aanndd  tteemmppeerraattuurree  ddiissttrriibbuuttiioonn  iinn  tthhee  iiccee  sshheellll,,  mmooddeell  
ooff  tthhee  wwaatteerr--iiccee  sshheellll  wwaass  ccoonnssttrruucctteedd..  TThhee  vvaalluueess  ooff  hheeaatt  ffllooww  ffrroomm  tthhee  ssaatteelllliittee  iinntteerriioorr  wweerree  eessttii--
mmaatteedd..  TThhee  lliiqquuiidd  pphhaassee  iiss  ssttaabbllee  ((nnoott  ffrroozzeenn  iinn  pprreesseenntt))  iiff  hheeaatt  ffllooww  iiss  ggrreeaatteerr  tthhaann  22  mmWW  mm--22..  RRaaddiioo--
ggeenniicc  hheeaatt  ffllooww  iiss  bbeettwweeeenn  33..33  aanndd  33..99  mmWW  mm--22..  WWee  hhaavvee  eessttiimmaatteedd  tthhee  mmaaxxiimmuumm  hheeaatt  ffllooww  uupp  ttoo  33..77  
mmWW  mm--22  aanndd  hheeaatt  ffllooww  ffrroomm  CCaalllliissttoo  iiss  iinn  tthhee  rraannggee  33..33--33..77  mmWW  mm--22..Fig. 5 shows heat flow F as a 
function of the thickness of a conductive ice shell of Callisto (Hice) and surface temperature To. 

TThhee  tthhiicckknneessss  ooff  tthhee  oouutteerr  sshheellll  iiss  ssttrroonnggllyy  ddeeppeennddeenntt  oonn  tthhee  hheeaatt  ffllooww  oorr  oonn  tthhee  tthhiicckknneessss  ooff  iiccee--II..  
IIff  hheeaatt  ffllooww  ffrroomm  CCaalllliissttoo  iiss  iinn  tthhee  rraannggee  ooff  33..33--33..77  mmWW  mm--22,,  ggeeoopphhyyssiiccaallllyy  ppeerrmmiissssiibbllee  tthhiicckknneessss  ooff  
tthhee  wwaatteerr--iiccee  sshheellll  wwoouulldd  bbee  227700--331155  kkmm..  FFiigg..  66  sshhoowwss  the  tthhiicckknneessss  ooff  aann  oouutteerr  wwaatteerr--iiccee  sshheellll  aass  aa  
ffuunnccttiioonn  ooff  tthhee  tthhiicckknneessss  ooff  aa  ccoonndduuccttiivvee  iiccee  sshheellll..  TThhee  tthhiicckknneessss  ooff  aann  iiccyy  ccrruusstt  iiss  eessttiimmaatteedd  ttoo  bbee  113355--
115500  kkmm..  TThhee  tthhiicckknneessss  ooff  aann  iinntteerrnnaall  oocceeaann  iiss  ffoouunndd  ttoo  bbee  112200--118800  kkmm;;  tthhee  rraaddiiii  ooff  tthhee  rroocckk--iirroonn  ccoorree  
aarree  bbeettwweeeenn  00  aanndd  660000  kkmm..  
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FFiigg..66..  TThhee  tthhiicckknneessss  ooff  aann  oouutteerr  wwaatteerr--iiccee  sshheellll  aass  aa  ffuunnccttiioonn  ooff  tthhee  tthhiicckknneessss  ooff  aa  ccoonndduuccttiivvee  iiccee  sshheellll..    
 

Conclusions 
WWee  hhaavvee  ccoonnssttrruucctteedd  mmooddeellss  ffoorr  tthhee  iinntteerrnnaall  ssttrruuccttuurree  ooff  CCaalllliissttoo.. The total thickness of an outer 

water-ice shell of Callisto is estimated in the range of 270-315 km. TThhee  rraaddiiii  ooff  tthhee  rroocckk--iirroonn  ccoorree  aarree  
iinn  tthhee  rraannggee  ooff  00--11228800  kkmm  ffoorr  aa  mmooddeell  wwiitthhoouutt  iinntteerrnnaall  oocceeaann.. The content of water and ice in Callisto 
is between 49 and 54%. TThhee  vvaalluueess  ooff  hheeaatt  ffllooww  ((33..33--33..77  mmWW//mm22))  ffrroomm  CCaalllliissttoo  iinntteerriioorr  wweerree  eessttii--
mmaatteedd  aassssuummiinngg  ccoonndduuccttiivvee  hheeaatt  ttrraannssffeerr  iinn  tthhee  ssoolliidd  iiccee--II  ccrruusstt..  TThhee  rreessuullttss  ooff  mmooddeelliinngg  ssuuppppoorrtt  tthhee  
hhyyppootthheessiiss  tthhaatt  CCaalllliissttoo  mmaayy  hhaavvee  aann  iinntteerrnnaall  lliiqquuiidd--wwaatteerr  oocceeaann..  TThhee  ppeerrmmiissssiibbllee  tthhiicckknneessss  ooff  aann  iiccyy  
ccrruusstt  iiss  eessttiimmaatteedd  ttoo  bbee  113355--115500  kkmm  aanndd  ooff  aann  iinntteerrnnaall  oocceeaann  ttoo  bbee  112200--118800  kkmm,,  tthhee  rraaddiiii  ooff  tthhee  rroocckk--
iirroonn  ccoorree  aarree  iinn  tthhee  rraannggee  ooff  00--660000  kkmm..  TThhee  ssuurrffaaccee  tteemmppeerraattuurree  iiss  ffoouunndd  ttoo  bbee  110000--111122 K. 
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