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Apparent mixing relationships among shergot-
tites.  Most shergottites can be treated as ~recent mix-
ing between a depleted, mantle-derived basalt and an 
old, enriched martian crust with high 87Sr/86Sr. (EET 
79001 may be an exception).  The endmember compo-
sitions are: (i) 87Sr/86Sr = 0.69898 (BABI); ε(Nd) = 
+55; and (ii) 87Sr/86Sr = 0.7375; ε(Nd) = -18. In this 
model, the depleted shergottites have experienced 1-2 
wt.% crustal contamination; the intermediate shergot-
tites have experienced 6-8 wt. % crustal addition; and 
the enriched shergottites are comprised of 20-24 wt.% 
crust.  The enriched (high 87Sr/86Sr) component need 
not be crust, but that is our preferred model (e.g., [1]).  
The least contaminated shergottite is QUE 94201 
(QUE) with an initial ε(Nd) = ~+50.  Therefore, our 
shergottite REE fractionation models will only be ap-
plied to QUE. 

Missing melts.  This simple two-component mix-
ing model masks considerable complexity. Knowing 
the age of individual shergottites and their isotopic 
initials, it is possible to calculate the time-integrated 
Sm/Nd of the shergottite source regions, which are 
always smaller than the those of the shergottites them-
selves [2].  The implication of this change in Sm/Nd 
between the shergottite source and actual shergottites 
requires a missing melt phase that is LREE enriched.  
This is because no mantle mineral prefers LREE over 
HREE. 

The simplest model is for small-degree partial 
melts to have escaped the shergottite source regions 
shortly before melting of the shergottites themselves.  
The attraction of this model is twofold:  (i) At the time 
of shergottite genesis, there had to be sufficient heat to 
induce partial melting; and (ii) The amount of Sm/Nd 
fractionation that the missing melts induce is very 
large.  Other models require even larger fractionations.  

The complexity of shergottite petrogenesis sug-
gests that we first attempt to model nakhlite partial 
melting, where the complexities of missing melts are 
not known to exist. 

Nakhlite petrogenesis. The time-integrated 
147Sm/144Nd of the nakhlite source region was ~0.235, 
whereas the 147Sm/144Nd of Nakhla itself is ~0.135 [3].  
Therefore, large Sm/Nd fractionations are required, 
implying that nakhlite petrogenesis requires very 
small-degree partial melts (e.g., [4]).  

There is not space to document the nakhlite model 
in entirety.  However, we expect HREE in the nakhlite 
source should be ~2X CI abundances, and we also 
know that the Sm/Nd ratio of that source was 1.2X CI. 

D(REE)pyx/liq are taken from [5].  One value of 
D(Ca)pyx/liq is chosen and then all pyroxene D(REE) 

pyx/liq are parameterized from that single value.  
D(REE)gnt/liq were modified from those of [6,7] 

Except for La, all REE in the nakhlite model are 
within 25% of the Nakhla parent liquid of [8].  The 
model requires an extremely small (0.1%) partial melt 
that yields a melt with a 147Sm/144Nd of 0.113 and a 
residue having a 147Sm/144Nd of ~0.6.  This compares 
favorably to the measured 147Sm/144Nd of nakhlite 
NWA 5790 glass (0.118) and other models of nakhlite 
genesis (e.g., [3]).  

Shergottite petrogenesis. The situation is more 
complicated in that we do not have the LREE-enriched 
melts from the shergottite mantle (i.e., the missing 
melts).  Instead, we sample melts produced from the 
depleted residues of those missing melts.  And, once 
again, large REE fractionations are required. 

Modeling of this is accomplished by generating a 
missing melt and then comparing the shape of the re-
sidual REE pattern to that of QUE, assuming that a 
third melting of the shergottite source region will 
quantitatively remove any remaining REE and produce 
a shergottite.  The REE composition of the model QUE 
source region (before generation of a missing melt) is 
much like that of the nakhlite source except that it is 
slightly more depleted and has a significantly larger 
147Sm/144Nd ratio (0.285 vs. 0.235 [2]). 

Two very similar but slightly different solutions 
are presented.  The first solution is best for fitting the 
entire REE pattern (i.e., approximately flat when nor-
malized to QUE).  The second model solution seeks 
only to produce the Sm/Nd fractionation that is re-
quired by that system (147Sm/144Nd ~0.50), because the 
complete REE model did not (147Sm/144Nd ~0.45).  As 
in the case of the nakhlites, both models require very 
small degrees of partial melting.   

And even though there appears to be much com-
monality between the nakhlite and shergottite models, 
there are also differences:  (i) shergottite model has 
considerably less pyroxene; and (ii) the shergottite 
pyroxene is much less calcic than in the nakhlite 
model.  These two differences are consistent with the 
more-depleted nature of the shergottite source.  

References: [1] Usui T., et al. (2012) Lunar 
Planet. Sci. XLIII. Abstract #1341. [2] Borg L.E., et al. 
(1997) Geochim. Cosmochim. Acta 61, 4915-4931. [3] 
Shih C.-Y., et al. (2010) Lunar Planet Sci. XLI. Ab-
stract #1367. [4] Treiman A.H. (2005) Chemie der 
Erde 65, 205-270. [5] Jones J.H. (1995) Chapter 3-7, 
AGU Reference Shelf. pp. 73-104. [6] Draper, D.S., et 
al. (2003) Phys. Earth Planet. Int. 139, 149-169. [7] 
Draper D.S., et al. (2006) Geochim. Cosmochim. Acta 
70, 2400-2416.  [8] Wadhwa M. (1994) Ph.D. thesis, 
Washington University, St. Louis.  pp. 212. 

6017.pdfThe Mantle of Mars: Insights from Theory, Geophysics, High-Pressure Studies, and Meteorites (2012)


