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Introduction: The 1919 Cumberland Falls, Ken-

tucky aubrite fall is well-known for containing black 

inclusions which were deemed to be a new class of 

reduced chondrite [1].  More recently two other mete-

orites from northwestern Africa (Acfer 370, NWA 

7135) have been recognized to be examples of the 

same rare F chondrite class [2, 3].  We have re-

examined the clasts in a specimen of Cumberland Falls 

to augment previous work on their features, and we 

also present new oxygen isotope data. 

 

 
 

 

Figure 1. Cumberland Falls slice showing two black F 

chondrite inclusions within the whiter aubrite matrix.  

The clast at the bottom is CF#1. 

Petrography: The chondrite clasts in the studied 

specimen evidently are so dark because of the presence 

of opaque phases distributed throughout very magne-

sian silicates, and they show evidence of having been 

shock-melted.  The main silicate phases are forsterite 

(Fa0.7), enstatite and diopside, but rare sodalite was 

also found.  Accessory phases include kamacite, 

troilite, taenite, schreibersite, daubreelite and ala-

bandite, all with irregular grain geometries indicative 

of melting (see Figures 2, 3, 4).  Round objects which 

appear to be recrystallized chondrules are rare, and 

therefore we conclude that these particular clasts are 

shocked F6 chondrites.  The lack of Si in kamacite, 

lack of Ti or Cr in troilite, and the presence of Fe in 

silicates all imply that the oxygen fugacity under which 

these F chondrite clasts crystallized was not as far be-

low that of the IW buffer as for enstatite chondrites and 

aubrites. 

 

 
 

Figure 2. BSE  images of F chondrite clast #1 (above) 

Overview – note recrystallized chondrule at upper 

right.  (below) Closer view of right portion – note the 

irregular shapes of shock-melted sulfide grains. 
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Figure 3. False-color BSE image of accessory sulfides 

(troilite and daubreelite) intergrown with metal.  Mag-

nesian silicates appear black. 

 

 
 

Figure 4. False-color BSE image of accessory 

schreibersite with kamacite. 

   

 
 

Figure 5. False-color BSE image of accessory ala-

bandite, troilite and daubreelite with kamacite. 

Oxygen Isotopes: A small fragment removed from 

clast #1 was gently crushed and washed in HCl until 

acid remained clear prior to laser fluorination.  Results 

of eight replicate analyses are respectively: 

 

17O 3.467, 3.276, 3.243, 3.327, 3.028, 2.841, 3.377, 3.206 

18O 5.396, 5.061, 5.322, 5.328, 4.928, 4.422, 5.300, 4.917 

17O 0.618, 0.604, 0.433, 0.514, 0.426, 0.506, 0.579, 0.610 

 

It is apparent from Figure 6 that the oxygen isotopic 

composition of the fresh Cumberland Falls clast over-

laps with those for the NWA 7135 specimen, establish-

ing that the results for the latter have not been com-

promised by desert weathering effects (and effectively 

removed by our acid washing procedures). 

 

 
 

Figure 6. Oxygen isotopic compositions for F 

chondrites compared with those for ordinary chon-

drites [4, 5]. 

 

      Discussion: The Cumberland Falls chondrite clasts 

(at least in the specimen studied) differ from their 

Northwest African counterparts in being more equili-

brated and also more shocked.  Other examples studied 

previously [1] also appear to have similar characteris-

tics.  Well formed chondrules are present in both Acfer 

370 and NWA 7135, which are regarded as F3/4 chon-

drites, whereas the clasts in Cumberland Falls are 

shocked F6 chondrites.  It is possible that the latter 

experienced higher shock during collision of F chon-

drite impactors onto the aubrite parent body. 
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