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Introduction: Brachina is the type specimen of 

brachinites, but is distinct from other brachinites due to 
its roughly chondritic chemistry, high closure 
temperatures, and a fine-grained olivine. These 
characteristics are not consistent with the typical 
igneous melting and protracted metamorphism inferred 
for brachinites, but instead may be indicative of rapid 
cooling from an impact melt of an oxidized precursor. 
We will explore this mechanism by examining the 
major, minor, and trace element composition of phases 
in R chondrite impact melt clasts for comparison with 
similar phases in Brachina. 

Background: Brachinites are FeO-rich, olivine-
dominated primitive achondrites [1]. As primitive 
achondrites, brachinites are minimally fractionated 
from their chondritic precursor chemistries, but have 
experienced enough melting to generate igneous 
textures. Brachinites can be related to ungrouped 
brachinite-like achondrites by oxidation state [2], 
wherein the most oxidized brachinites are restites after 
limited partial melting of a precursor similar to R 
chondrites (although a direct relationship is precluded 
by O-isotopes) [3]. In oxidized brachinites, the Fe-Ni-S 
systematics were dominated by melting of pentlandite. 
This resulted in distinct evolutionary pathways for 
brachinites when compared to brachinite-like 
achondrites, which are dominated by melting of FeNi 
metal in their Fe-Ni-S systems, and may have been 
produced from precursors more similar to ordinary 
chondrites.  

Brachina, the type specimen for brachinites, is 
grouped among the most oxidized endmembers 
according to these classification parameters [2], which 
is evident in its FeO-rich silicates and the presence of 
pentlandite. However, Brachina is compositionally and 
texturally anomalous among oxidized brachinites. 

Olivine-spinel closure temperatures recorded in 
Brachina are 1250°C, which is 200-300°C higher than 
in other brachinites [3], yet Brachina retains the greatest 
abundance of incompatible trace elements and modal 
plagioclase among brachinites, suggesting that Brachina 
experienced the least amount of melt extraction [4]. 
High closure temperatures and small olivine grains 
(<200 µm) [1,5] in Brachina imply more rapid cooling 
than in other brachinites. 

Brachina is further distinguished from other 
brachinites by a more ancient Mn-Cr age [6], but shares 
nearly identical Ar-Ar ages, which may indicate a 
common impact event with some brachinites [7]. 

Clearly, Brachina’s history is distinct among 
brachinites.  

When first discovered, Brachina was identified as a 
chassignite that crystallized from a melt of its own 
composition [8]. However, chondritic HSE abundances  
suggest that it was an impact melt mixed with a metal-
bearing component [5]. Unshocked “chondrule-like” 
textures provide further evidence for a potential impact 
melt origin [5]. While this explanation was initially 
invoked within the context of a martian origin, the 
compositional and textural inconsistencies between 
Brachina and other brachinites preclude a common 
formational mechanism. This merits a reevaluation of 
an impact melt origin for the formation of Brachina 
from an oxidized precursor similar to R chondrites.  

In this scenario, Brachina must have crystallized in 
situ with minimal melt loss to retain its roughly 
chondritic chemistry. If Brachina formed from 
precursors similar to R chondrites, then minerals that 
crystallized from an impact melt in an R chondrite 
should largely reflect those seen in Brachina. However, 
because Brachina has experienced a small amount of 
melt loss [1,4], the R chondrite impact melts would 
retain a greater abundance of the most incompatible 
elements. 

To test the hypothesis that Brachina is an impact 
melt, we examined the major and trace element 
chemistry of phases within impact melt clasts of R 
chondrite Northwest Africa (NWA) 11304 for 
comparison with mineral compositions in Brachina to 
see if it could have formed from an R chondrite-like 
impact melt. 

Methods:  Backscatter electron images, energy-
dispersive X-ray spectroscopy maps, and electron 
microprobe data for mineral phases in impact melt clasts 
of NWA 11304 were collected at the Smithsonian 
Institution National Museum of Natural History 
Department of Mineral Sciences. In situ trace element 
data was collected via laser ablation inductively-
coupled mass spectrometry at the University of 
Maryland’s Plasma Laboratory. Closure temperatures 
and oxygen fugacity for impact melt clasts in NWA 
11304 were calculated using the online MELTS olivine-
spinel-orthopyroxene thermodynamic equilibrium 
calculators (http://melts.ofm-research.org/).  

Preliminary Results: Impact melt clasts in NWA 
11304 (Fig. 1) bear some superficial similarities to 
Brachina. Both are dominated by olivine with minor 
pyroxene and plagioclase present. Sulfides are 
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pyrrhotite and pentlandite, which are present in 
exsolution in impact melts. Relict lithic fragments are 
also present in NWA 11304 melt clasts and contain the 
most magnesian phases. 

Olivine in both Brachina and R chondrite impact 
melt clasts are relatively oxidized (IW-0.3 [3] and 
IW+1.78, respectively), which is evident in their high 
FeO content (Fo65 and Fo68) and Fe/Mn ratios (81 and 
67). Olivine-spinel closure temperature for NWA 11304 
impact melts was calculated to 816°C, which is lower 
than the closure temperatures recorded for most 
brachinites [3]. CaO content in impact melt olivine 
(~0.1wt%) is also lower than in Brachina (0.25 wt%) 
[1], which also indicates higher closure temperatures for  
Brachina. These lines of evidence may indicate that the 
impact melts in NWA 11304 did not experience high 
enough temperatures to completely melt all phases, as 
would be required for Brachina. In some regions, 
quench textures of pyroxene, plagioclase, and sulfides 
can be seen interstitial to relict olivine, indicating 
incomplete melting in this clast. 

 

 
 
Figure 1. An impact melt clast in NWA 11304. The 
blue boundaries mark the borders of the melt clast. 
Olivine (ubiquitous, medium grey) is largely 
homogenized in this clast, although some relict lithic 
fragments and chondrules (darker grey) can still be seen. 
Zonation of silicates is largely limited to the boundaries 
of this clast. Sulfides (light grey--pyrrhotite and 
pentlandite) exist as either discrete blebs or in extensive 
dendritic melt textures typical of impact melts (top-
right). 
 

Future Directions: We will continue to explore the 
major, minor and trace element concentrations in the 
mineral phases of R chondrite impact melts. 
Assembling modal mineral maps of the impact melt 
clasts will allow for a comparison of the relative 
abundance of phases with those in Brachina. Trace 
element partitioning in oxidized impact clasts is 

currently unexplored. We will examine the distribution 
of trace elements among phases in R chondrite impact 
melts to provide a basis for comparison with Brachina. 

 

 
 
Figure 2. Quench textures in NWA 11304 impact melt 
clast. Relict olivine is surrounded by quenched olivine, 
pyroxene, plagioclase, and sulfides, indicating 
incomplete melting in some impact melt clasts of NWA 
11304. 
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