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Introduction:  Three previously described meteor-

ites have been ascribed to the Kakangari (K) chondrite 
grouplet: Kakangari, Lea County 002, and LEW 87232. 
These chondrites are notable for possessing a combina-
tion of seemingly disparate characteristics. They have 
high matrix abundances (33-77 vol%), and bulk oxygen- 
isotopic compositions similar to CR chondrites.   Matrix 
silicates of K chondrites are only slightly less reduced 
than those of E chondrites (Fa≈2.5, Fs≈3.5), and their 
bulk metal content (6-10 vol%) is similar to that ob-
served in H chondrites [1]. Kakangari also exhibits re-
fractory lithophile element abundances similar to those 
of ordinary chondrites, and anomalous volatile element 
concentrations, similar to R chondrites [1, 2]. 

This combination of characteristics is problematic 
for models of chondrite formation that attempt to ex-
plain compositional and isotopic differences between 
meteorite groups as a function of heliocentric distance 
(HD).   Most studies suggest that HD increased across 
the following chondrite groups: EH, EL, H, L, LL, and 
R chondrites  (inner solar system), and CR, CM, CO, 
CV (outer solar system), with some variations, depend-
ing on the model [3, 4, 5]. Matrix-chondrule ratios of 
major chondrite groups indicate that chondrule for-
mation was more efficient closer to the sun [6]. Increas-
ing matrix-chondrule ratios also correlate with inferred 
ƒO2  and volatile content, as well as a general enrich-
ment in 16O.  All major chondrite groups follow pre-
dictable trends, with the exception of only R and K 
chondrites. 

Samples and Technique: NWA 10085 consisted 
of a 52.21 gram mostly fusion-crusted stone, measur-
ing approximately 3 x 2.5 x 2.5 cm. The stone was 
visibly weathered, exhibiting fractures and iron-rich 
weathering products on one side. A sawn face shows 
that nearly all metal has been oxidized, resulting in the 
formation of small pores and extensive limonite veins. 
Analysis was completed using a JEOL electron micro-
probe with additional observations made via thin sec-
tion in plane and cross-polarized light.  Oxygen iso-
topes were analyzed by laser-assisted fluorination 
techniques at UNM; the sample consisted of matrix 
with an adhering chondrule. 

Results: The meteorite is comprised of ~60% ma-
trix, 15-20% chondrules, and ~20% limonite. The av-
erage chondrule diameter is ~450 µm. The thin section 
is dominated by two large chondrules: a 2 mm PP 
chondrule and a 1.5 mm POP chondrule. Smaller 
chondrules were mostly PO or POP, with one BO 
chondrule observed. No RP chondrules were present. 
Most chondrules appear fuzzy due to adhering enstatite 

grains. Smaller chondrules appear to grade into the 
matrix. Some of the larger matrix aggregates are chon-
drule fragments. The moderate degree of recrystalliza-
tion in the matrix suggests that the sample is petrologic 
type 4. Matrix silicates are anhedral to subhedral, sug-
gesting that the stone is not an impact-melt (Fig. 1). 
Matrix grain size is somewhat variable, locally averag-
ing ~20-50 µm; limonite-rich areas have higher appar-
ent grain sizes. Enstatite laths are dispersed throughout 
the matrix and limonite, with most laths measuring less 
than 200 x 30 µm. One broken, disjointed lath 
measures 1 mm x 50 µm. Olivine is present as matrix 
aggregates and in chondrules, and shows undulose 
extinction, indicative of shock stage S2. Microprobe 
analysis shows the meteorite to be relatively homoge-
neous, with no observed variation between matrix and 
chondrule compositional values (Fa 2.77-3.24, n=14; 
Fs 3.59-4.46, n=13; Wo 0.92-1.29, n=13). Minor pla-
gioclase was also observed (Ab83.2Or3.6, n=2).  
 

 
Fig. 1.  BSE image showing complex groundmass, 
enstatite laths, and chondrules with diffuse rims. 
Scale bar is 1 mm. 

 
Sulfide grains ~2-10 µm in diameter are common, 

and one grain measuring 300 µm is preserved. Three 
iron phosphide inclusions up to ~150 µm were ob-
served (46.2% Fe, 29.3% Ni, 24.4% P, n = 5); one was 
associated with euhedral chromite crystals 5 to 50 µm 
in diameter. Many 5-10 µm grains of unoxidized kam-
acite and a few grains of taenite are still present in the 
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section, consistent with weathering stage W5.  Anal-
yses of surviving kamacite and taenite plotted within 
literature values for Kakangari, Lea County 002, and 
LEW 87232 (Tables 1 & 2).  

 

 
Table 1: Kamacite compositions of the four meteorites.  
Surviving metal grains in NWA 7796 varied in size, 
but were generally <10 µm; Mg and Si values for 
NWA 7796 are likely due to silicate contamination. 

 

 
Table 2: Taenite compositions of Kakangari, LEW 
87232, and NWA 7796.  No taenite was observed in 
Lea County 002, due to extensive weathering. 

 
Oxygen isotopes are shown in Table 3, and plot among 
other K (and CR) chondrites [1, 7]. 
 

 
Table 3: Oxygen isotopes: (K. Ziegler, UNM) 

 
Discussion: This stone plots among other K chon-

drites mineralogically and isotopically. Matrix and 
chondrule abundances are intermendiate between other 
K chondrites, with the large chondrules in NWA 10085 
appearing similar to the anomalously large chondrules 
in Lea County 002 [1, 8]. Si is absent or nearly absent 
from the metal of NWA 10085, consistent with for-
mation in a higher ƒO2 environment than E chondrites. 
The presence of olivine in the equilibrated rock also 
distinguishes it from E4-6 chondrites. 

The matrix grain size and enstatite laths observed 
in NWA 10085 are 3-5 times larger than those ob-
served in other K chondrites. We attribute the larger 
matrix grain size to the extensive thermal alteration 
this meteorite has experienced. 

Enstatite laths as large as those observed in this 
meteorite have been noted in EH chondrites, but are 
described as features that formed after impact-melting 
events [9, 10]. In NWA 10085, enstatite laths can be 
discerned within the finer-grained matrix, as well as 
within metal and weathering products. The largest lath 

observed appears to be over 1 mm in length, and is 
surrounded by fine-grained matrix silicates. At least 
some of these laths do not appear to be the result of 
impact-melting. Comparison with the EL3 chondrites 
NWA 6508 and NWA 7406 suggests that enstatite 
laths are primary features in the matrix of reduced 
chondrites, even in metal aggregates (Fig. 2).  

 

 
Fig. 2. BSE image showing abundant enstatite laths 
in the relatively pristine EL3 NWA 7406. Scale bar 
is 1 mm.  
 
Conclusions: NWA 10085 is a new K4 chon-

drite. It most closely resembles Lea County 002, 
and also shares  some  unusual  structural  similari-
ties with primitive and impact-melted enstatite 
chondrites. 
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