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Introduction:  Several models for the bulk compo-

sition of the martian mantle have been proposed in the 
past [1-3]. Other researchers have used these starting 
compositions (or similar variations) to model crystalli-
zation of the martian mantle from an early, extensive 
magma ocean [4-7]. Borg and Draper [4] used the sili-
cate fraction of the Homestead L5 ordinary chondrite 
as their starting composition for the magma ocean, 
which is similar in composition to the Dreibus and 
Wänke [2] model martian mantle composition. Borg 
and Draper [4] determined that garnet must be an early 
crystallizing phase at the onset of magma ocean crys-
tallization followed by subsequent garnet fractionation 
in order to impart a superchondritic CaO/Al2O3 ratio to 
the residual liquid (aluminum is sequestered into the 
crystallizing garnet, thus depleting the residual liquid 
in aluminum and raising the CaO/Al2O3 ratio). Such a 
process is required to account for the superchondritic 
CaO/Al2O3 ratios (~1.0 to 1.4 compared to the chon-
dritic value of ~0.80) seen in the martian basaltic me-
teorites (shergottites). This ratio should remain rela-
tively unperturbed by subsequent crystallization of 
olivine ± low-Ca pyroxene. Borg and Draper [4] also 
concluded that the Homestead starting composition 
was too FeO-rich to produce the source regions of the 
shergottite meteorites. They proposed that an H chon-
drite, with a lower FeO content, would make a better 
starting composition for the magma ocean.   

Draper et al. [5] repeated their magma ocean crys-
tallization model, but this time they used the silicate 
fraction of the Farmville H4 ordinary chondrite as their 
starting composition. The silicate fractions of Farm-
ville and Homestead are nearly identical, with the ex-
ception that Farmville has an Mg# of 80.4 and FeO 
content of ~13 wt% versus Mg# of 76.6 and FeO con-
tent of ~16 wt% for Homestead. Using a Farmville 
starting composition, they calculated model partial 
melts that made a better match to the composition of 
the most primitive martian basalt parent liquids, such 
as Am, the parent liquid of martian meteorite 
ALHA77005 [8], and Y-980459, a natural martian 
meteorite that has been inferred to represent a non-
cumulate liquid composition [9-11]. More evolved 
basalt parent melts can be derived from the primitive 
melts through olivine ± low-Ca pyroxene fractionation.   

We are in the process of experimentally testing this 
model of magma ocean crystallization on Mars. The 
ongoing project consists of 3 stages: 1) Obtain a run 

product with roughly 90% melt and the correct 
CaO/Al2O3 ratio to represent the composition of the 
residual magma ocean after roughly 10% crystal frac-
tionation (garnet ± other minerals), which is required 
to impart a superchondritic CaO/Al2O3 ratio to the 
residual liquid. 2) Synthesize a silicate mixture with 
the composition that is determined in stage 1. Crystal-
lize this composition at various pressures and tempera-
tures in order to determine the minerals that would 
crystallize from the magma ocean at various depths. 3) 
Once a profile of the crystallized magma ocean is de-
termined, various crystallization assemblages will be 
synthesized and partially melted at low pressure in an 
attempt to derive a melt that is a match to the shergot-
tite parent liquids. The results of our project hold the 
potential to either bolster the validity of the magma 
ocean model for Mars, or to undermine it.  

Methods:  All experiments were conducted using a 
Walker-style multi-anvil press in the High Pressure 
Laboratory, Institute of Meteoritics, University of New 
Mexico. The starting materials were finely ground 
samples of the Farmville H4 ordinary chondrite ob-
tained from the Institute of Meteoritics’ Meteorite Col-
lection. High-pressure experiments were carried out at 
a range of pressures between 5.5 to 17 GPa. Each run 
was first raised to a superliquidus temperature for five 
minutes to ensure melting of all residual grains before 
dropping to the target temperature. We attempted to 
hold all experiments at target conditions for 60 min-
utes to allow enough time for the mineral phases to 
equilibrate. However, some runs terminated (e.g. 
thermocouple connection was lost or cubes broke) 
before reaching this goal. We report only the results of 
runs that appeared to reach equilibrium. Details of 
each run are listed in Table 1. In the temperature col-
umn, the first temperature listed is the superliquidus 
temperature and the second temperature listed is the 
target temperature.  

Run products were analyzed using a JEOL 8200 
electron microprobe at the Institute of Meteoritics, 
University of New Mexico. Analyses were made using 
an accelerating voltage of 15 kV, a beam current of 20 
nA, and a spot beam (<1 μm) for mineral phases and a 
broad beam (20 μm) for quenched melt. Mass balance 
calculations were utilized to determine the modal per-
centage of each phase present in the run products (Ta-
ble 1, listed in parentheses after each phase). Mass 
balance calculations yield totals that range from 98 to 

1525.pdf41st Lunar and Planetary Science Conference (2010)



811.983.4Liq(92) Gt(6)2300→22501760A487

751.313.4Liq(71) Opx(27) Gt(3)2200→21001460A486

Liq2200→21151460A669

Liq2200→21251460A652

Liq2250→21501460A631

790.752.4Liq(87) Opx(9) Ol(6)1900→18251060A468

Liq1950→18501060A451

Liq2100→19001060A450

770.772.9Liq(79) Opx(21)2100→1900945A308

790.702.3Liq(88) Opx(10) Ol(3)2100→1925960A222

691.261.4Liq(48) Opx(40) Ol(15) Gt(trace)1950→1760760A217

701.181.1Liq(49) Opx(40) Ol(14) Gt(trace)1950→1775760A220

760.742.6Liq(70) Opx(21) Ol(10)2000→1800760A211

750.822.5Liq(69) Opx(19) Ol(14)2000→1825760A210

750.822.0Liq(69) Opx(23) Ol(10)2000→1850760A656

810.554.5Liq(91) Ol(7)2000→18505.533A306

Mg#CaO/Al2O3R2 Value(ºC)(GPa)(min)

LiqLiqMass balancePhasesTempPressRun TimeRun

Table 1. Experimental run conditions
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103% for each run product. Deviations from 100% are 
likely due to uncertainties in the microprobe analyses. 
Mass balance calculations for runs A217 and A220 
yielded slight (0.02) negative values for the percentage 
of garnet. Small amounts of garnet were observed in 
the BSE images of the run products, therefore we list 
their amounts as trace.  

Results: As predicted, our experimental results 
confirm that garnet fractionation is required to produce 
a melt with superchondritic CaO/Al2O3. Three of our 
runs (A217, A220 and A486) yielded melts with the 
correct CaO/Al2O3 ratio for the shergottite source re-
gions. However, the two runs at 7 GPa are only ~50% 
melt and we are looking for a run that is roughly 90% 
melt. The run at 14 GPa is ~70% liquid. As of yet, we 
have been unable to obtain a run at 14 GPa that is 
~90% liquid. Four of our run products have ~90% 
melt, but none of those melts have the appropriate 
CaO/Al2O3 ratio. It is possible that a run at 14 GPa 
with ~90% melt will not have the correct CaO/Al2O3 
ratio either. The 14 GPa run with ~70% liquid has 
27% low-Ca pyroxene and only 3% garnet. Low-Ca 
pyroxene appears to be the liquidus phase at this pres-
sure, so a run with ~90% melt might not have any gar-
net, thus it would not have the appropriate CaO/Al2O3 
ratio. As we move from 14 to 17 GPa, we see that the 

liquidus phase changes from low-Ca pyroxene to gar-
net. A pressure of 15 or 16 GPa may be required in 
order to achieve a run with ~90% melt and the correct 
CaO/Al2O3 ratio. It also appears that the presence of 
low-Ca pyroxene (which incorporates small amounts 
of Calcium), in conjunction with garnet, is required to 
keep the CaO/Al2O3 ratio from getting too high, as it is 
in the 17 GPa run where garnet is the only mineral 
present. Based on our experiments thus far, we infer 
the base of the global magma ocean to be at ~15 GPa 
(~1350 km depth). This depth is in agreement with the 
model of Borg and Draper [4]. Once we have finalized 
our residual magma ocean composition, we will pro-
ceed with the 2nd and 3rd stages of the project, as out-
lined above.  
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