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Introduction: As part of a consortium studying 

ungrouped iron meteorites, we investigated the meteor-
ite Babb’s Mill (Troost’s Iron) from Greene County, 
Tennessee, which is one of the high nickel irons 
grouped as the South Byron trio [1]. According to 
Buchwald [2], there were two masses, one artificially 
reheated and one undamaged. The undamaged piece 
weighing 2.7 kg was passed down to Shepard, who 
deposited his extensive meteorite collection into the 
Pratt Museum at Amherst College. The Amherst col-
lection was then sold to Arizona State University to be 
used for research and teaching. The 6 kg reheated mass 
is more thoroughly researched and documented than 
the Amherst mass. The purpose of this study is to in-
vestigate samples from both masses in order to decode 
the thermal history of Babb’s Mill (Troost’s Iron).  

Samples studied: We examined 6 samples of 
Babb’s Mill (Troost’s Iron) from the American Mu-
seum of Natural History (AMNH-98-1), Arizona State 
University (ASU-2905), and the U.S. National Mu-
seum (USNM-3283, USNM-1578, USNM-2646, and  
USNM-962). The samples were prepared for micros-
copy and observed and analyzed using light optical 
microscopy (LOM), scanning electron microscopy 
(SEM) and electron probe microanalysis (EPMA).  

Results: Initial observations using LOM and SEM 
showed that there are three different microstructures 
represented by the six samples: 1) plessite (Fig. 1a) in 
sample AMNH-98-1, 2) polycrystalline two phase 
structure of kamacite and taenite (Fig. 1b) in samples 
ASU-2905 and USNM-2646, and 3) a two phase struc-
ture with diffuse phase boundaries (Fig. 1c) in samples 
USNM-3283, USNM-1578, and USNM-962. 

EPMA measurements were made on three meteor-
ite samples, which represent the three different micro-
structures as shown in Fig. 1. Bulk compositions (wt. 
%) were obtained by averaging point analyses across 
the sections. AMNH-98-1 (Fig. 1a) contains 14.5% Ni, 
0.71% Co, and 0.02% P. ASU-2905 (Fig. 1b) contains 
18.34% Ni, 0.95% Co, and 0.06% P. USNM-962 (see 
Fig. 1c for comparable microstructure) contains 
17.19% Ni, 1.03% Co, and 0.13% P.  

Microstructure 1 (AMNH-98-1, Fig. 1a) contains 
kamacite and taenite generally < 1µm in size and the 
composition of these phases could not be measured 
with the EPMA.  Microstructure 2, (ASU-2905, Fig. 
1b) contains kamacite with an average composition of 
7.40 wt% Ni and taenite with an average composition 

of 30.9 wt% Ni. Microstructure 3, (USNM-962, simi-
lar microstructure to Fig. 1c) appears to contain two 

 

 
 

 

 

 
 

Fig. 1. LOM images of etched (2%Nital) Babb’s Mill 
(Troost’s Iron) samples (a) AMNH-98-1, (b) ASU-2905, and 
(c) USNM-3283. 
 
phases, but the EPMA data show that the two phases 
are in the process of dissolving into each other. The 
low Ni phase has more than 11.8 wt% Ni and the high 
Ni phase has less than 21.3 wt % Ni. 

Discussion: Buchwald [2] described two masses of 
Babb’s Mill (Troost’s Iron), one that is undamaged 
and one that was artificially reheated by a blacksmith. 
Buchwald [2] attributes microstructure 1 (AMNH-98-
1, Fig. 1a) to the undamaged mass. However, our sam-
ples of the undamaged mass (ASU-2905 and USNM-
2646) have microstructure 2. There is a clear conflict 
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between our results and those of [2] regarding the mi-
crostructure of the undamaged mass.  Microstructure 3, 
which is typical of samples USNM-3283 (Fig. 1c), 
USNM-1578, and USNM-962, is the same as the 
structure of Babb’s Mill (Troost’s Iron) from Copen-
hagan (Copenhagan-1876, 38) as described by [2], and 
represent the larger artificially reheated mass.   

Sample AMNH-98-1 has a Ni content about 3 to 4 
wt% lower and a P content lower by a factor of 3 to 6 
times than the Babb’s Mill (Troost’s Iron) samples 
having microstructures 2 and 3. The sample AMNH-
98-1 having plessite microstructure 1 is clearly not 
from the same fall as the Babb’s Mill (Troost’s Iron) 
having microstructures 2 and 3. Babb’s Mill (Blake’s 
Iron), which contains 11.8% Ni, 0.74% Co, and less 
than 0.05% P [2], was identified as a separate fall from 
Babb’s Mill (Troost’s Iron) [2]. Although AMNH-98-
1 has a higher Ni content than Babb’s Mill (Blake’s 
Iron) as reported by [2], it shows significant depletions 
in volatile siderophile elements (e.g., Ga and Ge), con-
sistent with measurements of Babb’s Mill (Blake’s 
Iron). This depletion is in contrast to the volatile 
siderophile element enrichment observed in Babb’s 
Mill (Troost’s Iron). It is probable that AMNH 98-1 is 
a mislabeled piece of Babb’s Mill (Blake’s Iron).  

 Samples ASU-2905 (undamaged) and USNM-962 
(artificially reheated) have similar bulk Ni and Co con-
tents, although the P content of ASU-2905 (0.06 wt%) 
is half that of USNM-962. The P difference is proba-
bly due to submicron phosphides in samples with mi-
crostructure 2 that are not accounted for in the point 
analyses used to determine bulk composition. We ob-
served P values up to 0.6 wt% in sample ASU-2905. 
We believe that this high P value is due to the presence 
of small (<1 µm) phosphide particles. If the phosphide 
in ASU-2905 is present as 0.4% in volume, the total P 
content will be the same as that observed USNM-962. 
Although samples ASU-2905 and USNM-962 have 
very different microstructures (2 vs. 3) they are from 
the same fall.  

The development of the microstructures (2 and 3) 
and microchemistry of Babb’s Mill (Troost’s Iron) can 
be explained by a two-step process. First, the meteorite 
was reheated on its parent asteroid prior to impact on 
earth (microstructure 2). Once on Earth, only part of 
the meteorite (6 kg mass) was reheated by a black-
smith (microstructure 3). The original α+γ structure 
developed on the parent asteroid and was probably 
reheated by a shock process. According to the phase 
compositions and the Fe-Ni-P phase diagram [3], re-
heating took place in the three phase region (α + γ + 
ph.) at ~900 K where phase equilibrium can be estab-
lished among α, γ, and phosphide. This shock-induced 
reheating is responsible for the structure (microstruc-

ture 2) shown in samples ASU-2905 (Fig. 1b) and 
USNM-2646. This microstructure is similar to several 
other asteroidal shock-induced reheated meteorites, 
such as Fuzzy Creek [4]. The second reheating step 
was probably due to heat treatment by a blacksmith. 
The composition gradient (Fig. 2) and microstructure 
of USNM-962 suggests that this meteorite had an 
original microstructure 2 as found in samples ASU-
2905 and USNM-2646 and was reheated to the one 
phase taenite region (>1100 K). Since blacksmith’s 
forging heat is in the yellow-orange color range 
(~1300-1500 K), the kamacite and taenite in ASU-
2905-like microstructure 2 went through a dissolution 
process and the Ni, Co, and P compositions began to 
homogenize towards the average composition of 
Babb’s Mill (Troost’s Iron). A computer code has been 
developed to simulate the dissolution process from 
microstructure 2 to microstructure 3. Fig. 2 illustrates 
the time experienced at such high temperatures was 
about 5-180 minutes depending on the temperature 
(1300-1500 K). Although the Ni profiles across the 
meteorites with microstructure 3 are non-uniform, the 
P has been redistributed uniformly to 0.13±0.1 wt.% 
due to its higher diffusivity. The final microstructure 
of USNM-3283 (Fig. 1c), USNM-1578, and USNM-
962 should be martensite, based on their Ni composi-
tions after artificial reheating.  
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Fig.2. The measured Ni profile in sample USNM-962 com-
pared with the calculated Ni profile during dissolution from 
microstructures 2 to 3 at three temperatures.  
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