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Introduction: The primitive achondrite meteorites 

provide a unique window to the beginning of melting 

and differentiation on planetary bodies in the early 

solar system.  The acapulcoites, lodranites, winonaites, 

and silicated IAB irons represent melting on relatively 

FeO-poor planetary bodies, while the brachinites and 

several ungrouped primitive achondrites (i.e. Tafassas-

set, LEW 88763, Divnoe, etc.) represent melting on 

relatively FeO-rich planetary bodies.  In effort to un-

derstand the process of melting on an oxidized chon-

dritic parent body to create the FeO-rich primitive 

achondrites, we have performed 1 bar, gas-mixing, 

partial melting experiments of CK5 carbonaceous 

chondrite MacAlpine Hills (MAC) 02453.         

Experimental and Analytical Techniques: A thin 

section and large (2.6 g) chip of MAC 02453 were 

obtained from the Meteorite Working Group.  This 

particular CK chondrite was chosen as starting material 

of our experiments because of a low weathering grade 

and relatively abundant main mass compared to other 

CK chondrites of high petrologic type.  The sample 

was sawn into several slabs and split with a rock split-

ter.  We used an approximately 150-250 mg chip (Ta-

ble 1) in each experiment in order to capture textural 

changes in additional to compositional changes across 

the experimental conditions.  Care was taken to ensure 

that each split was representative of the whole rock.   

Experiments were run in a Deltech vertical tube 

furnace equipped with a Yokogawa UP550E tempera-

ture controller and an SiRO2 C700+ solid zirconia elec-

trolyte oxygen sensor. Temperature was measured with 

a type R thermocouple (Pt-Pt87Rh13) calibrated against 

the melting points of Ag (961 ºC) and Cu (1083 ºC) 

and is accurate to ±7 ºC.  We ran experiments K1-4 at 

IW-1 and IW+1 at 1150 ºC and 1250 ºC for 4-5 days, 

respectively (Table 1).  Oxygen fugacity (fO2) was con-

trolled with a 1-bar CO+CO2 gas mixture.  We choose 

fO2 values based upon our previous analyses of the 

thermodynamic environment of FeO-rich primitive 

achondrite meteorites [1].  No attempt was made to 

retain volatiles throughout the experiments. The charg-

es were rapidly quenched in water.   

 
Table 1. Summary of experimental conditions

Label Mass (mg) Temp (ºC) Time (d) log f O2 ΔIW

K1 111 1250 4 -12.3 IW-1

K2 155 1250 4 -10.3 IW+1

K3 233 1150 5 -13.6 IW-1

K4 253 1150 5 -11.6 IW+1  
 

The thin section of MAC 02453 served as our con-

trol sample and was characterized using a Leica optical 

microscope and the Cameca SX50 and SX100 electron 

microprobes at the Lunar and Planetary Laboratory.  

Each experimental charge was made into a thick sec-

tion and also analyzed by electron microprobe.      

Starting Material: MAC 02453 is a CK5 chon-

drite related in mineralogy and petrology to other CK 

chondrites [2-4].  It has both porphyritic and barred 

chondrules that are large (up to 2800 μm across) (Fig. 

1).  Several chondrules have rims that are ~150 μm 

across.  The chondrules are set in a matrix of olivine, 

pyroxene and plagioclase with magnetite and sulfides 

causing silicate darkening [5].  The abundant silicate 

phase is homogeneous olivine (Fa33±0.3).  Minor silicate 

phases are orthopyroxene (Fs27±0.7), clinopyroxene 

(Fs11±0.2), and plagioclase (An10±1).  Opaque phases 

include magnetite, pentlandite, pyrrhotite, troilite, and 

chromite.  Fe,Ni-metal is absent.     

Fig. 1: Backscattered electron (BSE) image of 

MAC 02453 showing both barred and porphyritic 

chondrules. White is sulfide and magnetite, light gray 

is olivine, medium gray is pyroxene, dark gray is pla-

gioclase, and black is void space. 

Experimental Results: See Fig. 2 for BSE images.   

K1 and K2. Both of these charges experienced sig-

nificant silicate melting to the extent that each is mostly 

anhedral equilibrated olivine grains (Fa27±0.6 and 

Fa28±0.5, respectively) surrounded by an equilibrated 

silicate melt.  Some of the original chondrule texture is 

maintained in regions with relict barred olivine grains.  

Both contain rounded to sub-rounded sulfide grains 
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that appear to have quenched as an immiscible melt 

adjacent to and within the silicate phases.  The sulfide 

grains exhibit a wide range in S and Ni content.  K1 

contains taenite with up to 35 wt% Ni.  K2 is metal free 

and has large (up to ~200 μm) chromite grains.   

K3 and K4. Although olivine equilibrated in both of 

these samples (Fa31.5±0.6 and Fa32±0.6, respectively), each 

experienced much less silicate melting. A heterogene-

ous silicate melt was generated for both, but homoge-

neous orthopyroxene (Fs27±0.3) grains remain.  Much of 

the original chondritic texture is preserved.  Both 

charges contain sub-rounded sulfide grains similar to 

those found in K1 and K2 that also have a wide range 

in composition.  K3 contains taenite with up to 43 wt 

% Ni.  K4 is metal free and has large (up to ~300 μm) 

chromite grains.       

Discussion:  The fO2 and temperature phase space 

covered in these four experiments resulted in a range of 

mineral compositions and textures.  Although none of 

the charges reproduce textures and compositions exact-

ly like FeO-rich primitive achondrites, there are simi-

larities.  K1 and K2 resulted in homogeneous Fa27-28 

olivine, and this is similar to the olivine compositions 

of Tafassasset (Fa28), Divnoe (Fa26), and ALH 84027 

(Fa28) ([1], [6]).  Likewise, K3 and K4 resulted in ho-

mogeneous Fa31-32 olivine, and this is similar to the 

olivine compositions for brachinites (Fa32-33) [1].  The-

se results validate our thermodynamic calculations of 

FeO-rich primitive achondrites [1].  Conversely, these 

experiments produced Ni-rich sulfides, and these are 

not present in the FeO-rich primitive achondrites 

(which contain minor troilite only).  This could be due 

to the loss of the sulfide component in the primitive 

achondrites by melt migration  These preliminary ex-

periments indicate that it is possible to get FeO-rich 

primitive achondrite mineralogy and compositions 

from a CK chondrite-like material, especially once the 

silicate melt is extracted.                
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 Figure 2. BSE images of K1-K4. Abbreviatons are s: sulfide, 

ol: olivine, m: melt, pxn: pyroxene, and chr: chromite.  There 

is no Fe,Ni-metal in these views.   
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