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Introduction:  Knowledge of mean atomic weight is 

useful to characterize planets, moons, comets and as-

teroids. The aim of the paper was to determine mean 

atomic weight of the solar system inner planets, moon, 

protoplanet Vesta, and to determine mass fraction of 

planetary cores.  

Results and discussion:  Recent results by Szurgot 

[1] show that mean atomic weight Amean of rocky 

planets and moon can be determined using chemical 

composition, planetary uncompressed density d 

(g/cm3), and mass fraction of core wcore (wt%): 

Amean = 1/∑(wi/Ai),                                               (1)                            

Amean = (7.51±0.13)∙d + (-2.74±0.55),                  (2) 

Amean = 1/ [-0.02724∙wcore + 0.04673],                (3) 

where wi(wt%) is the mass fraction of ith element, and 

ith oxide, Ai is atomic weight of ith element, and/or 

mean atomic weight of ith oxide.  

     Mass fraction of the core, and uncompressed plane-

tary density can be predicted by Amean using the 

equations [1]: 

wcore = (-36.716 ±1.15)/Amean + (1.716±0.041),   (4)  

d = (0.133 ± 0.002)∙Amean + (0.37 ± 0.07).            (5) 

     Two interrelationships between d and wcore  result 

from eqs. (2) and (3): 

 

d = 1/ [-0.2046∙wcore + 0.3514] + 0.365,                (6) 

wcore = 1.7175 - 1/ [0.2046∙d - 0.07464],               (7) 

 

which enable one to determine wcore using d(g/cm3), 

and to determine d using wcore.  

    Table 1 collects values of Amean, calculated by eqs. 

(1-5) employing chemical composition predicted by 

various researchers, e.g. [2-5], and Table 2 compiles 

values of wcore calculated by eqs. (4) and (7). 

 

      Table 1 Mean atomic weight Amean of inner 

planets, Earth’s moon, planetary cores, and proto-

planet Vesta determined by eqs. (1)-(3). 

Planet Eq.(1) Eq. (2) Eq(3) Core 

Mercury 35.8  34.8 35.5 53.5 

Venus 25.8  26.3 26.3 51.2  

Earth 26.5  27.0 26.4 50.4  

Moon 21.8  21.8 21.7 50.3  

Mars 25.2  25.0 24.5 50.9  

Vesta 24.2 ± 1.0  24.0** 23.9* 53 ± 2# 

Vesta: *for wcore = 0.18, **for d = 3.56, #range of 

Amean = 50.2 - 56.2, bulk silicates Amean = 22.2±1.0. 

     Table 2 Mass fraction of planetary cores deter-

mined using eqs. (4) and (7), and literature data on  

uncompressed density of planets d [8]. Literature data 

on wcore values [5,6,9] are also shown. 

Planet d 
 

wcore 
Eq.(4) 

wcore 
Eq.(7) 

wcore 
 

Mercury 5.0     0.69 0.66 0.68 

Venus 3.87   0.29 0.32 0.32 

Earth 3.955  0.33 0.356 0.325 

Moon 3.27    0.03 0.03 <0.02 [5] 

Mars 3.70    0.26 0.25 0.217 

Vesta 3.56● 

3.456# 

0.18* 

0.20^ 

0.19 

0.14 

0.18   [6] 

* For Amean = 23.9 ± 0.7 we get wcore = 0.18 ± 0.04.  

^ For Amean = 24.2 ± 1.0 we get wcore = 0.20 ± 0.06.  
●d = dgrain for porosity 3%, and dbulk = 3.456 [6]. 

#Vestan bulk density [6]. 

 

     The comparison of Amean values determined in 

this paper (Table 1) with values established by Ander-

son and Kovach [7]: 36 for Mercury, 26.4 for Venus, 

27 for Earth, 22 for Moon, and 25.3 for Mars reveals a 

good agreement. Vestan Amean = 24.2 ± 1.0 is close 

to average values for EL chondrites Amean = 23.8, L 

chondrites Amean = 23.7, and Martian Amean = 25.2.  

     Conclusions: Core mass fraction of the solar sys-

tem inner planets, Earth’s moon, and of protoplanet 

Vesta can be determined using mean atomic weight, 

and uncompressed density. New relationships derived 

for determination of mass fraction of metallic cores of 

planetary bodies and their mean atomic weights have 

been successfully verified. Amean and wcore values 

predicted for terrestrial planets, and Earth’s moon, 

and wcore values predicted for protoplanet Vesta are 

in good agreement with the literature data.  
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