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Introduction: The nakhlite group of Martian
meteorites represent an unusual high Fe, low Al
magma composition. However, with seven meteorites
now recognized, perhaps from multiple flows [1],
finding a source region becomes more important.
Several authors have derived possible parent magma
compositions for the nakhlites based on different
techniques: controlled crystallization experiments (to
duplicate pyroxene compositions), magmatic
inclusions, and modeling [e.g. 2,3,4].  Comparing
these parent magmas to bulk rock nakhlite
compositions, it is clear there would be some
remainder of parent magma material after forming
the pyroxenites. We here present results of
attempting to characterize the composition and
mineralogy of the remaining component in an effort
to derive candidate spectra of a possible nakhlite-
related gabbro.

Modeling technique: As has been described
before, the thick differentiated lava flow, Theo’s
Flow, has a pyroxenite layer that bears a striking
resemblance to the nakhlites, petrographically,
mineralogically, and geochemically [5].  Recently,
we used MELTS [6] to model the crystallization
sequence of Theo’s Flow from its parent magma
composition, represented by the quenched
hyaloclastite layer capping the flow. The best
reproduction of the lithologic units observed in the
field, in mineral mode and composition, was obtained
by a two-stage crystallization scheme. Equilibrium
crystallization dominates while the pyroxenite is
formed, but when the system is 65% solid, fractional
crystallization is required to produce the modal shift
to the plagioclase-dominated gabbro (Fig. 1).

The similarity of Theo’s Flow to the nakhlites has
led us to propose that there may well have been an
equivalent gabbroic layer associated with the
formation of these Martian pyroxenites. The parent
magma compositions bear similar characteristics
(high FeO+MgO, low Al2O3/CaO), and in Theo’s
Flow a substantial gabbro was produced, 2/3 the
thickness of the pyroxenite layer. Even if the nakhlite
parent flow is about 30 m thick, this would imply 12
m of gabbro could have formed (above ~18 m of
pyroxenite). But what would such a layer look like
modally, compositionally, and spectrally if formed
with the nakhlites?

We began with two proposed nakhlite parent
magmas--NJ4 [3] and NK01 [2]--which are similar
but with some important variations in FeO wt% and

Al2O3/CaO.  As a first approximation, we modeled
the shift in crystallization conditions in the same
range as was found for Theo’s Flow, ~65%
solidification. In addition, we made assumptions of
QFM-1 and 1 bar for fO2 and pressure.

Modeling results: An examination of the results
up to the point when crystallization conditions
changed (which represents formation of the
pyroxenite) provides a check for the quality of the
modeling. It also helps define the amount of variation
produced by the minor differences between the parent
compositions. Tables 1 and 2 show the modeling
results for modes and compositions, respectively.
Both parent compositions seem to produce too much
olivine compared to typical nakhlites (Table 1), but
NK01 produces initial olivine compositions
comparable to the least equilibrated nakhlite olivines
(Fo46). In NJ4, olivine begins growing later and so is
more Fe-rich (Fo28). For clinopyroxene, initial
products from both parent magmas reproduce
nakhlite compositions fairly well (NJ4:
Wo43En38Fs19; NK01: Wo40En40Fs20 vs. typical
nakhlites of Wo38-41En37-40Fs21-23), although NJ4
matches better, modally.

The remaining crystallization products grown
under fractional crystallization conditions represent
up to 75% of the melt crystallized. We can see (Table
1) that the product is mineralogically distinct from
the pyroxenite, and more gabbroic in nature. It has a
high percentage of feldspar, lesser clinopyroxene,
and only minor fayalite (plus some spinel and
whitlockite, not shown here). The first feldspars to
crystallize are albitic (NJ4: Or9Ab51An40; NK01:
Or8Ab43An49), but the bulk of the feldspar that
crystallizes (fsp2) is potassic (NJ4: Or58Ab36An6;
NK01: Or65Ab30An5). This gabbroic mineralogy is
consistent with the evolved melt products represented
in the nakhlites by phases observed in the trapped
mesostasis: high-Fe pyroxene and olivine (as rims on
bounding large grains), spinel, and two feldspars.

Gabbro spectral characterization: To search for
the gabbro remotely, we need to know what it looks
like spectrally. Using the average modeled mineral
compositions, library mineral spectra were linearly
added, according to derived modal amounts, to
produce an overall thermal infrared spectrum [7] of
the possible gabbros (Fig. 2).  The mineral
compositions that went into these spectra are far
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more Fe-rich than any that have so far been detected
by deconvolution of Martian thermal emission
spectra, and the modes have more K-rich feldspar
than have been found, as well.  So it is not surprising
that the NJ4 and NK01 gabbros do not match either
of the spectral surface types identified by [8] or the
more detailed surface spectra identified by [9].
Primarily this is due to the strong negative slope
between 1200-900 cm-1, which indicates a very mafic
composition. However, the similarity to a
gabbronorite layer in the Stillwater complex (Fig. 2)
suggests the overall gabbro compositions are not
unrealistic. It is likely that gabbros are associated
with the nakhlites, so our derived spectra are worth
keeping on hand for comparisons with newly found
terrains or surface samples.

We plan to further investigate this issue by adding
another gabbro composition derived from NA03 [4],
and then searching in greater detail in highly mafic
terrains for any possible spectral matches.
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Table 1: Modeling results: Modes

Temp %
xstal

Cpx
mode

Ol
mode

Fsp
mode

Fsp2
mode

Avg
nakh 78 12 10

“Upper pyroxenite” modes (equilibrium xstallization)
NJ4 1043 64 76 22

NK01 1033 62 62 28 4
“Gabbro” modes (after fractional xstallization)
NJ4 993 75 21 15 33 23

NK01 993 77 14 5 11 64

Table 2: Modeling results: Compositions

Cpx Ol Fsp/fsp2
Wo En Fs Fo Or Ab An

Initial “pyroxenite” compositions
NJ4 43 38 19 28
NK01 40 40 20 46 8 43 49
Average “gabbro” compositions
NJ4 42 12 45 12 9 51 39

58 36 6
NK01 42 15 44 14 9 46 46

65 30 5
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