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Introduction: Group IVA is the third largest 

magmatic iron-meteorite group, currently with 87 

documented normal and anomalous members.  They 

are noncarbonaceous (NC) irons [1] resembling 

equilibrated LL chondrites in 54Cr [2,3] and in O-

isotopic [4] and Mo-isotopic [5] composition. Because 

the interelement trends of IVA irons exhibit patterns 

similar to those of fractionally crystallized magmatic 

iron groups derived from well-mixed metallic magmas 

(e.g., IIIAB [6]), Group IVA is considered a magmatic 

iron group. 

Compositions of IVA irons: Most extant IVA-iron 

data were published by Wasson and Richardson [6]. 

New determinations of the compositions of ten IVA 

irons (Albion, Charlotte, Guanghua, Kharga, La 

Yesera 005, Northwest Africa 959, Putnam County, 

Sapopema, Sarvestan, Vitoria da Conquista) were 

reported by Rubin et al. [7]. 

The Ni-normalized bulk compositions of IVA irons 

are highly depleted in many moderately volatile 

elements relative to LL chondrites. Our modeling of 

the IVA core yields an initial (Ni-normalized) 

composition that is depleted relative to LL chondrites 

in most moderate volatiles: S (82% depletion), Ge 

(99.9% depletion), Ga (95% depletion), As (50% 

depletion); Au, however, is enriched by 10%. 

Late-Crystallization Products: Our trapped-melt 

crystallization modeling of Ir-Au and Ga-Au trends 

suggests that extant IVA irons are products of >40% 

crystallization of the core, assuming an initial 2.9 wt.% 

S content. 

As in other fractionally crystallized magmatic 

irons, IVA irons show a strong correlation between Co 

and Ni; the low-Co, low-Ni samples form a steep slope 

on the Co-Ni plot (~50º angle, consistent with 

fractional crystallization), but IVA irons richer in Ni 

than Steinbach form a shallower slope (~20º angle) 

with a distinct trend. We call this trend the “Kharga 

Tail”; these samples have the highest Ni contents 

among IVA irons.  

On the Ni-Au diagram, the Kharga Tail is 

characterized by a near-uniformity of Au 

concentrations and anomalously high and variable Ni 

concentrations. The Kharga Tail includes Duel Hill 

(1854) (fine octahedrite), Kharga (fine octahedrite), 

Fuzzy Creek (fine octahedrite), EET 83230 (ataxite) 

and NWA 8156 (fine octahedrite). The textures of 

these samples are distinguishable from earlier-

crystallized IVA irons; they also have higher P 

contents.  

Whereas most IVA irons follow a trend forming a 

~30º angle on the Ga-Au diagram, the Kharga Tail 

points downward at a ~160º angle and is out of the 

range of the trapped-melt model tracks. Forming a 

sharp change in slope on almost all inter-elemental 

trends (Cr, Ni, Cu, Ga, Ge, W, Ir, Pt vs. Au) [6], the 

Kharga-Tail irons do not seem to be direct products of 

fractional crystallization. 

Because moderate volatiles with depletions >80% 

relative to LL chondrites have 50%-condensation 

temperatures <1020 K, it seems likely these depletions 

reflect post-accretion impact-induced volatilization on 

the IVA asteroid. The mean Ni-normalized 

compositions of analyzed IVA irons yield a lesser 

depletion of As (30%) and a greater enrichment of Au 

(48%) relative to LL.  

Most refractory siderophile elements (RSEs) 

decrease with increasing degrees of fractional 

crystallization [6]. If known IVA irons represent the 

late-crystallized portion of the core (and if the 

chondritic precursors of IVA irons were LL-like), 

extant IVA irons should be depleted in RSEs relative 

to mean LL. This is indeed the case. When normalized 

to mean IVA Ni (84.9 mg/g), RSE concentrations [8] 

tend to show significant depletions relative to mean LL 

chondrites: Re (35% depletion), Os (44% depletion), Ir 

(44% depletion), Pt (29% depletion).  

One possible mechanism for accounting for the 

greater enrichment in Au and lesser depletion of As in 

analyzed IVA irons compared to the modeled initial 

composition of the IVA core is that the analyzed IVA 

suite is a product of incomplete sampling of the core. 

Because Au and As increase in the solid with 

increasing degrees of fractional crystallization [6], the 

extant IVA irons may represent the late-crystallized 

samples from the core.  

These data suggest that known IVA irons are 

missing early-crystallized samples. The overabundance 

of late-crystallized irons may reflect parent-asteroid 

collisional disruption, core-mantle separation, core 

fragmentation, and remixing of some core fragments. 

Silicates: Whereas LL4-6 chondrites contain 

orthopyroxene (opx) with a mean composition of 

Fs24.1, opx grains in Steinbach (Fs14.5-15.5) and São João 

Nepomuceno (SJN) (Fs12.6-13.8) [9,10] have much lower 

FeO/(FeO+MgO) ratios. If IVA silicates formed from 
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LL material, they must have undergone appreciable 

reduction of FeO. 

Free silica is present in IVA irons: tridymite in 

Bishop Canyon, tridymite and quartz in Gibeon, 

tridymite within silicate assemblages in Steinbach and 

SJN, and stishovite in Muonionalusta.   

We offer a possible mechanism for forming the free 

silica in IVA irons. Impact-vaporization of large 

proportions of the mantle of the differentiated IVA 

asteroid could have yielded a gas of quasi-solar 

composition that was highly depleted in H2 and He, 

and moderately to significantly depleted in other 

volatiles. Such a gas could have acquired a bulk Mg/Si 

ratio <1 after condensation and isolation of forsterite 

from the gas. At that point, silica could have co-

condensed with low-Ca pyroxene (e.g., [11]). This 

scenario would be consistent with the low REE 

abundances in Steinbach clinobronzite and with the 

occurrence of tridymite-pyroxene intergrowths in 

Steinbach [12] and SJN [9]. If the condensed 

pyroxene+silica assemblage was also isolated from the 

rapidly cooling gas, the Mg/Si ratio of the residual 

vapor would have decreased further, allowing 

amorphous silica to condense by itself.  

History of the IVA Asteroid: (1) A large 

chondritic asteroid (~300 km; [13,14]) accreted very 

early in Solar-System history (perhaps within ~1 Ma of 

CAI formation [1,15]. The asteroid underwent 

differentiation, mainly due to the decay of 26Al.   

(2) While the core was still largely molten, a hit-

and-run collision stripped off much of the mantle, 

leaving only a thin mantle rind, perhaps only 1 km 

thick in some regions [13,14]. A massive collision 

occurred during this period causing substantial loss of 

volatiles.  

(3) The thinly mantled core crystallized rapidly 

from the outside inwards – early crystallized, low-Ni 

samples cooled quickly; late-crystallized, high-Ni 

samples cooled slowly [13,14]. 

(4) After the core had undergone 75-80% 

crystallization, Steinbach crystallized within the core. 

At that point, there was a deeply buried, high-Ni melt 

near the center of the core.  

(5) Another massive impact shattered the core.  

Some molten metal blobs that were jetted from the 

surface lost additional volatiles; these thinly insulated 

samples cooled very quickly to form such irons as 

Fuzzy Creek (500,000 K/Ma), with its fine-grained 

recrystallized-reheated microstructure, and perhaps 

EET 83230 (10,000 K/Ma), an (ungrouped) ataxite 

with a martensitic matrix [16].  

(6) This same impact, likely occurring 4565.5±0.3 

Ma ago [17], vaporized large portions of the residual 

silicate mantle (that consisted predominately of 

forsterite and a more-siliceous groundmass), causing 

(a) condensation of forsterite (missing from extant IVA 

samples), (b) condensation of amorphous silica plus 

pyroxene in vugs and fractures within the already 

crystallized Steinbach and SJN irons, and (c) 

condensation of silica in Steinbach, SJN, Gibeon, 

Bishop Canyon, and Muonionalusta.  Another effect of 

this collision was the production of rare vugs in the 

already crystallized Gibeon and Albion [e.g., 18,19]. 

This collision may also be responsible for the loss of 

those parts of the core that represented the first ~40% 

of the crystallization sequence.  

(7) Parts of the core soon reaccreted and cooled 

more slowly to produce Duchesne (100 K/Ma), Duel 

Hill (1854) (220 K/Ma), and Chinautla (110 K/Ma). 

(8) An impact 4456±25 Ma ago reset the Re-Os 

clock [20] and may be responsible for annealing silica-

bearing IVA irons, causing amorphous silica to 

crystallize into tridymite. Some tridymite subsequently 

transformed into quartz in Gibeon (by inversion during 

cooling). 

 (9) An intense late-stage shock event transformed 

tridymite into stishovite in Muonionalusta.  
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