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MERCURY 
Chemical Species   

Al2O3 

CaTiO3 

Ca2AlSiO7 

MgAl2O4 

MgSiO3-Mg2SiO4 

Fe-Ni-Cr-Co-V 
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TEMPERATURE – DISTANCE RELATION 



















GLOBAL ABUNDANCES OF 

THORIUM AND URANIUM 
(Prentice, A.J.R, 2008, LPSC XXXIX, 1945.pdf) 

      Earth    Mercury Abundance 

Element                  ratio 

 

Thorium 4.84 x 10-8  2.08 x 10-7        4.3 

Uranium 1.315 x 10-8 5.66 x 10-8        4.3 









GLOBAL ABUNDANCES OF POTASSIUM, 

THORIUM AND URANIUM 
 

(Prentice 2008, AGU Fall Meeting, Abstract U21A-0030) 

 (MESSENGER: Peplowski et al. 2011 Science 333 1850) 

Potassium       0 ppm    1150 ± 220  ppm             no! 

Thorium   208 ppb            220 ±   60  ppb             yes 

Uranium     57 ppb         90 ±   20   ppb             maybe 

Element   Prentice          MESSENGER           Agreement 













Peplowski et al. (2012), 43rd LPSC, Abstract 1541.pdf 

























EARTH Chemical Species    

Ca2MgSi2O7 

MgAl2O4 

Fe-Ni-Cr-Co-V 

MgSiO3 - Mg2SiO4 

SiO2 

NaAlSi3O8 

Ca3(PO4)2 - Ca5(PO4)3F 

(Fe-Ni-Co)S 

MnS, ZnS 

NaCl 

TiO2, Cr2O3 

Ca2Mg5[Si8O22](OH)2 

% Mass   
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Heinrich Wilhelm Olbers 

1758-1840 

Discover of the  

 two asteroids 

 Vesta and Pallas 









VESTA Chemical Species   

Ca2MgSi2O7 

MgAl2O4 

Fe-Ni-Co 

(Fe-Ni-Co)S 

Fe3O4 

MgSiO3 - Mg2SiO4 

SiO2 

MnS, ZnS 

Cr2O3, TiO2  
P2O5 

NaCl 

NaOH, KOH, Mg(OH)2 

% Mass 
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Dawn Press Conference (NASA HQ, Washington DC): 

Friday 12 May 2012: 4.00 am! 

? 

Chemically-uniform model: 

   MOI = 0.388 +/- 0.004 

Differentiated model: 

   MOI = 0.369 +/- 0.004 

Prentice’s final prediction: 

9 May 2012 

MOI: moment-of-inertia factor 







Dirk ter Haar  [1919-2002] 
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A KEY CONCEPT of the MLT is supersonic turbulent stress. 

Rising convective jets create a turbulent stress <tvt
2> = 

GM(r)/r. Here  is the local gas density and M(r) the total 

mass interior to radius r. ~ 0.1 is the turbulence parameter 

(A.J.R. Prentice, Astron. & Astrophys. 27, 237, 1973).

The total pressure in the contracting gas cloud is

ptotal = T + GM(r)

gas pressure turbulent stress

1 : 35

The turbulent stress rises to 30 - 40 times the gas pressure in 

the outer layers of the cloud.





Turbulence parameter 

M
o
m

e
n
t-

o
f-

In
e
rt

ia
 c

o
e
ff
ic

ie
n
t 

 f
 













ORBITAL DISTANCE EQUATION 



















TEMPERATURE – DISTANCE RELATION 





Planet Rn     tn    Tn       pn Xmetal      cond 

                 (RSun)  (105 yr)   (K)         (bar)                       (g cm-3) 

 

Mercury   83 3.54  1628    0.168       0.671     5.30 

Venus 155 3.46   910    0.0157     0.313     3.85 

Earth  215 3.40    673   4.6x10-3  0.230      3.80 

Mars  328 3.32   454   9.310-4 0.033      3.70 

Asteroids 605 3.14   267   7.410-5 0.008      3.66 

Jupiter      1118 2.90   158   5.910-6 0.008      1.67 

Saturn      2050 2.55     94   4.910-7 0.008      1.52 

Physical properties of the gas rings 































ORBITAL DISTANCE EQUATION 









PROPERTIES OF SATURN’S MOONS 

Moon Orbital Radius 

(RSat) 

Physical Radius 

(km) 

 Density  

(g/cm3) 

Mimas 3.08 198 1.15 

Enceladus 3.95 252 1.61 

Tethys 4.89 533 0.97 

Dione 6.26 562 1.48 

Rhea 8.75 764 1.23 

Titan 20.27 2575 1.88 

Hyperion 24.29 133 0.57 

Iapetus 59.08 736 1.08 



TEMPERATURE – DISTANCE RELATION 





















 

 

Post-Cassini/Huygens Composition of 

Titan’s Atmosphere  
[H.B. Niemann et al., 2005, Nature, 438, 779]       

  

         Gas               Mole abundance fraction  

    Nitrogen (N2)              0.95 

    Argon (Ar)                  (2.8 ± 0.3) × 10-7 

    Methane (CH4)            0.0492 

                       

























PRE-CASSINI TITAN MODEL  

MODEL CHARACTERISTICS:  
Mean Density: 1.881 g/cm   

Central Temperature: 238 K  
Central Pressure: 68.1 kbar  

Surface Temperature: 94 K 

ICE 1h 
ICE 6 

ICE 2 

2575 km 

ICE CONVECTION  

BOUNDARY  

2016 km 

ICE 1h/2 BOUNDARY  
2501 km 

2134 km 

CHEMICAL COMPOSITION  

UNIFORM MIXTURE OF:  
Rock (46.2%)  
Water Ice (50.6%), and  

Graphite (3.2%)  

Predicted Moment-of-inertia factor: 0.317 ± 0.004 

3 

1637 km 

Rock-graphite 
Core 

Rock Density: 3.667 g/cm   3 







Titan’s moments of inertia 

• The difference in the principal equatorial 

moments of inertia (A and B) of a fluid body 

in synchronous rotation about a planet is 

related to the rotation parameter qrot and the 

fluid Love number k2 by: 

 

B – A  =  qrot k2 MR2 



Dimensionless moment of inertia 

• The dimensionless axial moment of inertia 

coefficient C/MR2 is related to the fluid 

Love number k2 by: 
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Convecting 

Ice layer 

2575 km 

2255 km 
2035 km 

Rock +  
Graphite + 
Ice Core 

Partly-differentiated Titan Model 

Core properties 
Mass fraction: 0.689 

Ice mass fraction: 0.237 

Mean Density: 2.116 g/cm3 

Tcentre = 295 K 

Tedge = 189 K 

pcentre = 31.5 kbar 

model= 1.512 g/cm3 
 

C/MR2 = 0.342 

Tsurf = 94 K 

_ 

Stagnant outer   

ice shell 

Bulk Chemistry 
[mass fractions] 

Rock: 0.4925 

Graphite: 0.0336 

Water ice: 0.4739 
























