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Introduction: The origin of angrites has 

evaded scientists due in part to unusual mineral-

ogy, oxidized character, and small numbers of 

samples [1,2].  Increased interest in the origin of 

angrites has stemmed from the recovery of ~10 

new angrites in the past decade [3].  These new 

samples have allowed meteoriticists to recognize 

that angrites are compositionally diverse, old, and 

record very early differentiation [4].  Also, a 

magma ocean has been proposed to have been 

involved in APB early differentiation [5], but this 

remains untested for siderophile elements which 

are commonly cited as one of the main lines of 

evidence for magma oceans on the early Earth, 

Moon, Mars and eucrite parent body (e.g., [6]).  

And recent suggestions that angrites may [7] or 

may not [8] be from Mercury have also peaked 

interest in these achondrites.  

 Given all of this background, a detailed 

understanding of the early differentiation process 

is desired.  Previous efforts at examining sidero-

phile element (SE) concentrations with respect to 

core formation processes in the APB [9] have not 

resulted in any definite conclusions regarding 

segregation of a metallic core.  The goal of this 

study is to summarize what is known about SE 

concentrations in the suite, estimate depletions of 

SE compared to chondrites, and apply 

metal/silicate experimental partition coefficients 

to assess whether the APB had a core.  

Siderophile element concentrations in the 

APB: There are many rock types in the angrite 

suite, including breccias (NWA 4801; [3]) or 

course grained angrites that may be metamor-

phosed or cumulates (e.g., NWA 2999 or 4590; 

[3]).  To estimate concentrations of SE in the 

APB mantle, only those with ophitic or subo-

phitic basaltic textures are considered.  In addi-

tion, this initial modeling will only include the 

refractory SE, Ni, Co and W.   

 Siderophile element concentrations for 

angrites are shown in Figures 1 to 3, and are com-

pared to data from Earth, Mars and the eucrites 

(references from [17]).  The depletion of Ni is 

similar to that of the shergottites, and extension 

of the Ni–(MgO+FeO) trend to mantle-like values 

results in a Ni concentration of ~300 ppm (Fig. 

1).  Similarly for Co, extension of the trend re-

sults in a Co concentration of ~80 ppm (Fig. 2).  

Studies of Hf-W isotopes have resulted in new 

bulk W data for angrites [13], and together with 

previous studies define a depletion intermediate 

between shergottites and eucrites (Fig. 3).  This 

results in a mantle concentration of ~ 50 ppb. 

 
Fig. 1: Ni (ppm) vs. MgO+FeO (wt%) for angrites, compared 

to terrestrial basalt, peridotite, shergottites, eucrites (all from 

[17]), and chondrites [16].  Data for angrites from [10-15].  

 
Fig. 2: Co (ppm) vs. FeO+MgO (wt%); sources as Fig. 1.  

 

Metal-silicate partitioning: Because the goal 

of this study is to identify conditions whereby the 

APB may have segregated a metallic core, it is 

necessary to be able to predict D(M/S) as a func-

tion of the controlling variables – temperature, 

pressure, oxygen fugacity, and silicate and metal-

lic melt compositions.  Here the expressions of 

[18] are used, since they have been calibrated 

across a wide range of possible conditions.   
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Metallic core in the APB?: With the esti-

mates of mantle concentrations, the partition co-

efficient expressions, and assuming a bulk com-

position of CV chondrites [16], we can assess 

whether the APB has a core and how large it 

might be.  Two different scenarios are consid-

ered, based on assumptions about fO2 in the APB: 

Scenario 1: If the APB mantle has the same 

fO2 as angrite basalts [2], IW+1, the core would 

have to be large to explain the observed deple-

tions, since at this high fO2, M/S partition coeffi-

cients would be smaller than usual.  Considera-

tion of a simple model shows that if the core size 

is fixed at 60 mass%, the Ni, Co and W concen-

trations can be explained by metal-silicate equi-

librium between basaltic melt (partially molten 

mantle) and C-bearing FeNi metallic liquid core 

at 1700 K, 1 bar and IW+1.   This scenario seems 

unlikely however, because having a large core at 

oxidized conditions is counter-intuitive. 

Scenario 2: It is possible that the APB mantle 

was more reduced than IW+1, and the basalts 

became oxidized upon degassing and eruption.  

Several angrites have vesicles [19] indicating the 

presence of a C-bearing gas, and carbon (graph-

ite) is known to control fO2 such that only a small 

amount of pressure can cause oxidation to above 

the IW buffer.  Therefore, if the APB mantle was 

originally reduced, near IW-1, the core would 

have to be relatively small to produce the Ni, Co 

and W depletions observed since the M/S parti-

tion coefficients would be larger at these condi-

tions.  Consideration of a simple model shows 

that if the core size is fixed at 8 mass%, the Ni, 

Co and W concentrations can be explained by 

metal-silicate equilibrium between peridotite 

mantle and a C-bearing FeNi metallic liquid core 

at 2173 K, 5 kb, and IW-1.  This pressure is con-

sistent with a core near the center of a body a few 

hundred km in radius.    

What about volatile element depletion?: 

One of the most elusive aspects of the APB is its 

volatile element depleted nature.  Na, K, and Rb 

are all depleted relative to CI chondrites by a fac-

tor of 250-300 (when normalized to Sm, La and 

Sr, respectively).  Gallium is a volatile sidero-

phile element and when corrected for volatility, it 

exhibits no depletion in the APB mantle.  In ei-

ther scenario 1 or 2 above, the conditions would 

predict a D(M/S) for Ga that is << 1, indicating 

that Ga is satisfied by either scenario.   The same 

may also be true for P and Cr. 

 
Fig. 3: W (ppb) vs. La (ppm); sources as Fig. 1.  

 

Conclusions: Scenario 2 seems more likely 

since having a small core under reducing condi-

tions is expected, and the model also accounts for 

the presence of volatiles in the APB parent body.  

It is important to understand that the results of 

these calculations are not unique, and there may 

be other conditions which can satisfy siderophile 

element depletions.  Additional modeling should 

be done to test various conditions.  
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