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A sizeable body of evidence is consistent with the hypothesis tha t  the  shergott i te 
parent body (SPB) is Mars (recently reviewed by 1). If this identification is correct, 
SNC meteorites provide constraints on a number of unresolved but globally important 
Martian problems. 

(1) Bulk Composition: Martian compositions have been calculated from 
theoretical  models of condensation or chondrite mixing and empirical models based on 
geophysical and geochemical parameters (2, p. 642). The silicate fractions of these a re  
taken to  represent bulk mantle compositions. Phase equilibria determined from 
crystallization sequences for SNC meteorites (3) provide a least a qualitative tes t  for 
these models. Of 6 published Mars compositions, only 1 (4) appears t o  meet this screen. 
A model for the  SPB (5) may actually be the most tightly constrained Mars composition. 
Models (4) and (5) a r e  the  only ones with similar normative mantle mineralogies t o  the  
ear th  (6) and would produce tholeiitic melts. Trace element data  for SNC's also 
indicate remarkable similarities with terrestr ial  rocks (7) and demand a mantle more 
earth-like than most models. However, lesser depletions of certain siderophile 
elements suggest tha t  separation of metal  during Martian core formation may have 
been less efficient than in the  ear th  (8). An explanation proferred for the identical 
oxygen isotopic composition of the  ear th  and moon (9) is tha t  large bodies homogenized 
enough nebular material  t o  swamp any differences; however, this argument may be 
invalidated by the  distinct oxygen isotope fractionation line for SNC meteorites (10). 

(2) Oxidation State: Geophysical measurements (moment of inertia factor and 
mean density) suggest a relatively oxidized Mars, containing an FeO-rich (denser than 
earth's) mantle and possibly an  oxidized iron (smaller than earth's) core. However, the  
redox s ta te  of t h e  Martian interior is not really known. The oxidation s ta tes  of basalts 
appear generally t o  reflect  those of their mantle source regions (2, p. 378). All SNC 
meteorites contain ~ e ~ + - b e a r i n ~  spinels, indicating relatively oxidizing conditions 
~ o s s i b l v  a t  or near the  FMQ buffer (11). . . 

(9) Planetary ~if fere i l t ia t ion:  The t ime of Martian differentiation is constrained 
only by rather uncertain thermal models tha t  permit core formation t o  have occurred 
anywhere from 0.9 t o  4.5 b.y. ago (2, p. 1201). However, R b S r  model ages for SNC 
meteorites indicate t h a t  the  SPB differentiated a t  Q4.6 b.y. (12). Early Martian 
differentiation is a t  variance with planetary models that  require L 1  b.y. for i ts  
accretion (13). Indirect information on core processes is also provided by magnetic field 
data. The low paleomagnetic intensities for shergottites (14) indicate that  the SPB had 
a weak t o  nonexistent field 180 m.y. ago (the magnetizing event was shock, dated by Ar 
loss). Nakhlites a r e  not shocked and thus were probably magnetized during 
crystallization 1.3 b.y. ago. Unfortunately, no nakhlites have yet  been analyzed, but 
their paleomagnetism might identify a convecting liquid core at that  time. 

(4) Thermal  ist tory and Magma  ene era ti on: Understanding Martian thermal 
history is hampered by uncertainty of the  abundance of radioactive heat sources. KJU 
r a t i o s  for SNC'S indi;ate that  the earth-like abundances commonly assumed for such 
models are  correct .  The early global differentiation recorded in SNC's has implications 
for electrical  induction and tidal heating as  planetary heat  sources (15). Current 
thermal models (e.g. 16) predict anhydrous melting behavior. The occurrence of hydrous 
amphiboles as magmatic phases in SNC meteorites (17) indicates tha t  solidus 
temperatures of source regions should be lowered. Because these meteorites a re  not 
primitive liquid compositions, depth of melting cannot be obtained directly from 
melting experiments. However, detailed modeling of REE patterns may provide such 
information. If garnet  is required t o  produce these patterns, a s  suggested by (18), 
melting depths of - > 210 km (25 kb) a r e  necessary. This is consistent with source region 
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depths inferred for Olympus Mons, based on hydrostatic rise of magma to its summit 
(19), but SNC's are probably older than this volcano. If such depths are required, the 
thickening of Martian lithosphere through time inferred from the lesser heights of older 
volcanic constructs may have to be reevaluated. Identical shock ages for all 
shergottites may suggest that they were in the same geographic area on the SPB. Their 
isotopic differences may therefore reflect heterogeneities in the mantle or crust 
beneath this region. The occurrence of distinct, long-lived isotopic reservoirs places 
limits on mantle convection and recycling. 

(5) Volatile Inventory and Dep;assing History: Original interpretations of the 
Soviet Mars 5 Way experiment indicated that the surface K/U ratio is significantly less 
than that of earth, suggesting that Mars is volatile-poor. This is an unsettling 
conclusion, because it violates the monotonic trend in volatiles with solar distance and 
severs the coupling between volatile content and oxidation state. However, these data 
are not very accurate, and recent reinterpretations permit a higher K/U value (20). The 
ratios of K, Rb, Cs, and T1 to U measured in SNC meteorites are high, equal to or 
exceeding terrestrial values (7). Because it is difficult to separate these elements 
during igneous processes, their ratios argue against a volatile-depleted Mars. Volcanism 
has probably provided ample opportunity for outgassing, so these data would support 
models in which a substantial portion of the early Martian atmosphere was lost. 

(6) Surface Volcanism, Weathering, and Cratering: The great lengths and shallow 
slopes of Martial volcanic flows suggest dense, fluid magmas and/or high effusion rates. 
Densities and viscosities calculated from shergottite intercumulous liquid compositions 
of (11) are 2. 3.1 g/cm3 and 200 poise, respectively, a t  1 2 0 0 ~ ~  (approximate liquidus 
temperatures). Comparison of these values with those for terrestrial basalts (generally 
2.7 g/cm3 and 400-1000 poise at  the same temperature) indicates that rheological 
properties may explain this flow behavior, although such values would also facilitate 
rapid discharge. Determining whether or not Martial soil formation was isochemical 
provides constraints on weathering processs and the interpretation of spectral 
reflectivity data. Comparison of Viking soil analyses with shergottite compositions (21) 
suggests nearly closed-system of weathering of volcanic bedrock, with addition of only 
volcanic exhalations. The suggestion that the SPB is Mars has already challenged 
cratering theory to understand their ejection mechanism. The radiometric age for SNC 
meteorites may provide a datum for crater-counting chronology, if likely impact sites 
can be located. 
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