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Introduction:  The olivine-phyric basaltic
shergottites (OPSs) have recently been recognized as
a significant sub-group of the Martian meteorites.
These rocks have many characteristics suggestive of
a primitive nature such as high bulk and olivine-core
Mg#s [1]. [2,3] conducted crystallization experiments
using the composition of Yamato 980459 (Y98), an
OPS. Results of these experiments show that the
olivine cores are in equilibrium with the bulk rock,
indicating that the bulk-rock composition is the same
as the parent melt.  Multiple saturation of the melt
with olivine and a low-calcium pyroxene occurs at
11.5 to 12 kbars and 1450 ± 10 °C indicating that the
melt separated from the mantle at a depth of ~100
km. Experiments similar to [2,3] on the Gusev Crater
basalt composition [4] found multiple saturation at a
pressure of 11kbar -- nearly identical to the pressure
for Y98, implying a similar lithospheric thickness
under Gusev Crater.

The bulk composition of NWA 1068, another
OPS, may also represent something close to a
primary mantle-derived magma. Although some
evidence suggests modification of the bulk
composition from the original parent magma by
accumulation of olivine [5], its texture is one of rapid
crystal growth just prior to emplacement.  NWA1068
is a significant specimen as it is the only olivine-
phyric shergottite that is not LREE depleted, having
an REE pattern [5], Sm-Nd and Rb-Sr isotopic
systematics [6], and fO2 [7] similar to Shergotty.
Intriguingly, calculations using the MELTS program
[8] predict multiple saturation for the NWA bulk
composition at a similar pressure to the Y98 and
Gusev compositions.  For these reasons we have
undertaken experiments at Martian upper mantle
conditions to explore its phase chemistry.

Experimental Methods: C r y s t a l l i z a t i o n
experiments were conducted using a piston cylinder
apparatus on a synthetic NWA1068 composition at
Martian mantle pressures and temperatures. The
starting materials were made following the method of
[3].  The starting composition for the experiments
(Table 1) is based on the analysis of [5]. This analysis
was by ICP-MS with no SiO2 analysis, so SiO2 was
determined by subtraction. To correct for the effect of
terrestrial weathering, 1% of the CaO as carbonate
was assumed to be from terrestrial weathering and
subtracted out and a nominal amount of P2O5 was
assumed.  The resulting adjusted starting composition
is given in Table 1 along with the composition
calculated from actual weights of oxides and

carbonates and electron microprobe analysis of the
run product from an experiment that produced only
glass. Oxygen fugacity in the piston-cylinder
experiments was controlled using the method of [9],
whereby starting materials with preset Fe2O3 [10, 11]
are run in graphite capsules. The resulting fO2 is IW
+2.5 ± 0.2 log units.  The run procedures are the
same as [3]. Pressure was calibrated against the
melting point of diopside [12].  The pressure offset is
0.8±0.1 kbar below gauge.  One-atmosphere
experiments were conducted following the procedure
of [3]. All run products were analyzed using the
Cameca SX-100 electron microprobe at NASA/JSC.

Table 1

Results: Run conditions and run products for the
NWA 1068 crystallization experiments are given in
Table 2. Phase relations for NWA 1068 inferred from
the experimental results are shown in Figure 1.   The
pyroxene-in and olivine-in lines calculated using the
MELTS program are also shown for comparison.
Olivine is the liquidus phase at pressures below 16
kbars.  Low-Ca pyroxene crystallizes at ~175°C
below the liquidus at 1 atm. The pyroxene-in line,
having a greater slope (dT/dP) than the liquidus,
results in convergence of the phase boundaries at 16
kbar and 1500°C.  The liquidus becomes multiply
saturated in olivine and pyroxene at this point. Low-
Ca pyroxene is inferred to be the liquidus phase at
pressures above 16 kbar.  Further experiments are
planned to test this inference. Cr-rich spinel
crystallizes at ~ 1400 °C at all pressures investigated
and is not a liquidus phase.

NWA 1068 bulk bulk Run N10-18
analysis NWA 1068 NWA 1068 glass (2)

(1) calculated as weighed normalized

SiO2 45.77 45.78 45.94
TiO2 0.77 0.78 0.81 0.87
Al2O3 5.75 5.86 5.85 5.40
Cr2O3 0.63 0.64 0.64 0.58
FeO 20.48 20.87 20.90 20.34
MnO 0.46 0.47 0.42 0.46
MgO 16.50 16.81 16.78 17.30
NiO 0.03 0.03 0.04 0.06
CaO 7.91 7.04 7.02 7.23
Na2O 1.14 1.16 1.13 1.16
K2O 0.16 0.16 0.20 0.17
P2O5 0.41 0.43 0.49

Total 53.83 100.00 100.00 100.00

(1) from Barrat et al. (2002)
(2) run N10-18 produced only glass
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Table 2

Figure 1: Experimentally determined phase relations
for NWA1068 bulk composition as a function of
temperature (°C) and pressure (kbar).

Discussion: Figure 2 shows a plot of Mg# (or Fo
content) of the experimental olivines versus the %
crystals in each of the run products calculated from
mass balance.  The best fit line to the data intersects
the y-axis (i.e. 0% crystals) at Fo81; indicating the
composition of the first-crystallizing olivines from a
melt with the NWA 1068 bulk composition. Also
plotted is the highest measured Fo content for the
cores in the natural NWA 1068 olivines (dashed
line). The first-formed experimental olivines are nine
Fo units higher than the highest core values in the
natural olivines. Thus, the bulk composition of NWA
1068 has a higher Mg# than its parent melt, perhaps
as a result of accumulation of early-formed olivine.

Given the textural evidence that the olivine
phenocrysts in NWA 1068 formed rapidly and likely
immediately prior to emplacement [5], a simple
accumulation model can be used to derive the
composition (at least in terms of Mg and Fe) of the
parental melt.  Assuming that the bulk parental melt
was in equilibrium with the olivine cores (Fo72) and
reasonable values for Mg and Fe olivine/melt
partitioning [13] we arrive at a bulk Mg# of 56 for
the parental melt.  Assuming a simple accumulation
model for the derivation of the NWA 1068 bulk

composition from the parent where NWA 1068 =
parent + XS olivine, we arrive at ~ 10 wt% XS
olivine or ~ 1/3 of the phenocrysts. We can calculate
a model NWA 1068 parent by subtracting 10 wt%
Fo72 olivine from the NWA 1068 bulk composition.
The resulting model composition for the NWA 1068
parent melt is given in Table 3. Calculations using
the MELTS program predict that the model NWA
1068 parental melt will have a similar multiple
saturation pressure and somewhat lower melting
temperature than Y98.  This may imply that the
NWA parent melt separated from the Martian mantle
at a similar depth as the Y98 parent melt. The model
NWA 1068 parent-melt composition will be used in
future experiments to constrain the production and
crystallization history of NWA 1068.

Figure 2: Molar Mg# vs % crystals for experimental
olivines. Solid line: best-fit of data. Dashed line: highest-
observed Mg# for natural olivines in NWA 1068.

Table 3:
Model NWA1068 Parent-Melt Composition
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Run Label Temperature Pressure Duration Experimental
 (°C) (kbar) (hours) Run Products

N14-10 1480 13.35 ± 0.85 22 ol + px + gl
N10-13 1420 9.65 ± 0.35 22.5 ol + gl
N10-14 1440 9.81 ± 0.14 22 ol + gl
N10-15 1480 9.75 ± 0.25 19 ol + gl
N12-16 1480 11.65 ± 0.25 21.5 ol + gl
N10-17 1400 9.40 ± 0.30 23.5 ol + px + sp + gl
N10-18 1500 9.50 ± 0.60 23.5 gl
N12-19 1500 11.70 ± 0.10 23 gl
N13-21 1480 12.90 ± 0.20 22.5 ol + gl
N15-25 1500 14.55 ± 0.25 21.5 ol + gl
N16-26 1520 15.95 ± 0.25 23.25 ol + px +gl
N3 1490 0.001 22 ol +  sp + gl
N5 1420 0.001 20 gl
N6 1225 0.001 17.25 ol + px + sp + gl
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SiO2 46.66 Cr2O3 0.72 MgO 14.54 K2O 0.18
TiO2 0.87 FeO 20.34 CaO 7.85 P2O5 0.45
Al2O3 6.53 MnO 0.52 Na2O 1.29 Total 100.00
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