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Nowadays, geophysical observations on tlie inner structure of planet Mars are very sparse. Their 
interpretations are based on observations of its outer surface, of its very weak magnetic field, of its gravity 
field, and 011 geochemical arguments derived from the analysis of SNC meteorites. The co~nposition of the 
martian mauitle should mainly differ from the Earth's orie by an enrichment in i r ~ n l > ~ .  In the absence of 
additional clata, this interpretation must only be regarded as a working hypothesis, and all studies dealing 
with the inner structure of Mars insist on the ~lon-uniqueness of tlie theoretical ~ n o d e l s ~ y ~ > ~ .  This paper 
describes how seismological data could provide constraints on the iron content of the miu~tle. 

We hope that, within the next decades, seismological observk~tions will be av;~ilahle for Mars, for 
instance through the Mars96 and Intermarsnet pro,jects. These d i ~ t i ~  would permit to c11:u-acterize the radial 
structure of the planet in t e r m  of seismic velocities. In order to evalu:~te the potential of seismic 
Ineasurelnents to discriminate between various mantle compositions, theoretical seismic profiles have 
been constructed for differelit iron ccmtents of the ma~ntle. The distribution of temperature at depth has 
been estimated through numerical convection experiments performed in axisymmetrical geometry, and 
the experimental work on tlie phase tnu~sitions of olivine6 has been used to assess the mineralogy of the 
martial mauitle as a function of tlie anount of iron. The methodology arid the description of the co~nputed 
seismic proflies have been detailed in a submitted paper7. I11 Figure 1, computed P-wave velocities V p  
are plotted as a function of depth for four different mole fractions of iron XFe, ranging from XF, = 10 %J 
to XFe = 40 % I .  This wide domain of investigation hats been chosen so as to ensure that it brackets the 
actual case, though the uppest value ( X F ~  = 40 (5:) is unlikely to occur. A11 increase of the iron content of 
the mantle has two main effects. First, seismic velocities decrcase with the increasing moun t  of iron. For 
instance, the values of V p  for X F ~  = 20 (%) differ by about 1.5 (5, from the values at XFe = 10 %,. 
Similarly, the values obtidned for XF, = 30 %, are about 3 (5, lower thau the values co~~esponding to XF, 
= 10 %,. Even though tliese relative varialtious might appear rather small, they extend over the entire 
mantle. Therefore, time delays are accumulating along ray pass as seismic waves tra~vel inside the 
mantle. Co~lsequently, the travel times computed for the four different models differ significantly. For 
instance, P-wave travel times computed for a surface focus using the X F ~  = 30 (8, model are delayed by 
an amount of 10 seconds with respect to the travel times associated with the XFe = 10 %, model, for 
epicentral distances larger thm 35 degrees (Figure 2). 

The second effect of the iron content is to control the sh 'q~ ies s  of seismic cliscontinuties 
associated With the p h a ~ ~ e  transitions of olivine. An increase of the XF, value induces the coexistence of 

different phases of olivine over a large range of depths6. In terms of seismic velocity profiles, this gradual 
transition from one pllalse to another one (e. g. a-olivine to y-spinel) smootlies out the disco~itinuities over 
the thickness of the coexistence dom;lin of olivine phases. For an Earth-like composition (XFe = 10 '%,%i) 
the a-olivine to P-spinel, and P-spinel to y-spinel phase transitions translate into velocity jumps equal to 
- 0.5 km/s ( - 5.5 %I) at 1130 km depth, and - 0.1 km/s ( - 0.9 '3,) at 1425 h n  depth, respectively. Now, 
for XFe = 30 %I, a-olivine and y-spinel coexist inside a 300 h n  thick layer, in the depth range 850 km to 
1150 lun. Consequently, a smaller velocity jump ( - 0.25 k d s )  appears ;round 1000 km depth. This 
smoothing process of the discontinuity is acco~npzunied by a11 increase of the velocity gradient within the 
300 kzn thick layer. For X F ~  5 20 %), seismic discontinuities are sharp enough to induce the presence of 
secundary refracted P-wave atrrivals at epicentral distances close to 70 degrees ( X F ~  = 10 %I), and 65 
degrees ( X F ~  = 20 %). For higher values of the iron content, these secu11d;ry arrivals do not exist 
anymore (Figure 2), but tlie high velocity gr:~dients induce a focusing effect on seismic rays within the 
300 h n  thick l;iyer. This focusing effect should also influence the 2unplitude of P-wave arrivals. 

These theoretical tests show that seismological data should be of valuable interest in order to 
provide additional insight on the composition of the marti,ui malntle. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



896 LPS XXVII 

SEISMOLOGICAL MODELS OF THE MARTIAN MANTLE, Mocquet A. et al. 

Depth, knl 

Fig. 1. Theoretical P-wave velocity versus depth profiles for different :unounts of iron (mole percents) in 
the mantle of Mars. Sliadect curve, previous rnodel of Aliderso~i ct rr l .  [1977]. 

Epicentral distance, degrees 

Figure 2. Theoretical P-wave reduced travel times (surface focus) for four different iron contents 
of the martian ~nrultle, from 10% to 40%) (mole fraction). Reduction velocity, 11 kmlsec. 
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