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Introduction: The primitive achondrites record 

the initial melting of asteroid-sized bodies in the early 

solar system.  We have recently shown that partial 

melting of an R chondrite at 1250 °C and an oxygen 

fugacity (fO2) of IW-1 results in ~28% melting of the 

original sample and produces a partial melt residue 

with composition and mineralogy similar to the bra-

chinite primitive achondrites [1].  Graves Nunataks 

(GRA) 06128 and 06129 are paired oligoclase-rich 

achondrites with petrologic, geochemical and isotopic 

links to the brachinites [2-4].  We addressed the impli-

cations of our experiments on the formation of GRA 

06128/9 and found that the meteorites could represent 

a partial melt composition close to the eutectic in the 

Ab-SiO2-Fo ternary system but that a lower tempera-

ture experiment was necessary [1].  

Experimental Technique: To further explore this 

possibility, we performed a partial melting experiment 

of R4 chondrite LaPaz Ice Field (LAP) 03639 at 1100 

°C.  The experiment was run on a 143 mg chip for four 

hours in a Deltech vertical tube furnace at an fO2 of 

IW, held constant with a CO+CO2 gas mixture.  We 

based our run temperature on the eutectic temperature 

of the Ab-SiO2-Fo system (1098 °C)([5]) and ran the 

experiment long enough to achieve melting but retain 

volatile elements like Na and K in the melt. 

Results:  The experiment resulted in low degree 

melting of the starting material, such that only a por-

tion of the plagioclase and pyroxene melted.  Silicate 

melting reached up to ~2-3 vol. %, with total partial 

melting reaching up to ~5 vol. % including Fe,Ni-

oxides and sulfides.  The average composition of the 

melt generated is given below with the bulk composi-

tion of GRA 06128/9, calculated by [6] based on mod-

al recombination.  The two compositions are identical.        

 
SiO2 TiO2 Al2O3 FeO MgO CaO Na2O K2O P2O5 Total

Avg Melt 

Comp.
61.7 bdl 21.0 2.9 1.8 3.7 9.0 0.2 bdl 100.3

GRA 

06128/9
61.1 0.1 19.7 3.4 1.5 3.4 9.0 0.3 0.2 98.7

 
 

Discussion: As we discussed previously ([1]), a 

condundrum arises when chemically analyzing the 

composition of GRA 06128/9-type melts in an appli-

cable phase space.  The more widely-cited An-SiO2-Fo 

system is inappropriate due to 1) the sodic nature of 

the feldspar in GRA 06128/9, and 2) the high FeO con-

tent of the olivines in GRA 06128/9 and the related 

brachinites.  We showed previously that the products 

of our 1250 °C experiments did not plot with GRA 

06128/9 in Ab-SiO2-Fo space.  A more realistic view 

of the chemical nature of the compositions applicable 

to the formation of GRA 06128/9 and the brachinties is 

the NaAlSiO4-FeO-SiO2 system (Fig. 1).  The eutectic 

temperature in the Ab-SiO2-Fa portion of the diagram 

(top pseudo-ternary) is 980 °C, much lower than in 

more Mg-rich systems.  The melt composition generat-

ed here (red dot in Fig. 1) plots on the Ab-Fa join on a 

1100 °C isotherm.   

 
Figure 1: Equillibrium diagram of the system 

NaAlSiO4-FeO-SiO2 from [7]. 

 

MELTS modeling of the average melt composition 

results in a product with 90% feldspar (Ab80An20), 7% 

olivine (Fa46) and 3% liquid.   

It is clear that GRA 06128/9 can be generated 

from low-degrees of melting of an R chondrite precur-

sor in a system that is intermediate between the Ab-

SiO2-Fo and Ab-SiO2-Fa systems.  The question re-

mains, however, how such a low degree melt could 

migrate and concentrate on an asteroid-sized body.  [8] 

has shown that melts from low degrees (~2%) of par-

tial melting can migrate from their source regions on a 

~100 km asteroid efficiently.  This still leaves unre-

solved why only the first partial melts apparently were 

preserved and the fate of higher degree partial melts 

that must have been removed to produce the residual 

brachinites. 
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