
1224 Tombigbee River -Tonganoxie 

display cx2 structures - and then only in near-surface parts, 
- it should be easy to avoid this kind of material for any 
kind of serious work. 

Tombigbee is an unusual shower-producing iron mete­
orite. Jt exhibits pseudo-hexahedrite portions with prom­
inent schreibersite inclusions, and minor portions with 
remnant Widmanstatten structure. Its secondary structure 
varies widely from mass to mass. It has been classified as a 
nickel-poor ataxite by Cohen (1905) and Hey (1966: 485), 
but this classification is unfortunate because it does not 
take into consideration the fact that large parts of the mass 
are only slightly altered, and that remnants of Widmanstat­
ten structure are present. It is, therefore, proposed that 
Tombigbee be classified as a "hexahedrite, transitional to 
the coarsest octahedrites." 

After its primary cooling, a cosmic shock event 
severely distorted the schreibersite lamellae, produced 
Neumann bands, shear zones with intense deformations, 
and micromelted troilite. Later, or perhaps immediately 
afterwards, as a result of the relaxation heating, annealing 
decorated the Neumann bands and caused the strained 
kamacite to recrystallize. Surprisingly, the degree of recrys­
tallization varies extremely from mass to mass; it appears, 
however, that all masses are annealed to recovery. 

At least one mass (VI) has, in addition, been exposed 
to artificial reheating. 

Tombigbee is related to Bellsbank and La Primitiva 
and, distantly, to EI Burro, Summit, Santa Luzia, Sao 
Juliao and other meteorites of group liB. 

Specimens in the U.S. National Museum in Washington: 

2,347 g end piece (no. 252, 17 x 10 x 3 em) } all from mass III 
140 g part slice (no. 252, 10 x 7 x 0 .25 em) Plate III in 
95 g various slices (nos. 252, 1679) Foote (1899a) 

262 g part slice (no. 31 04, 7 x 5 x 0. 9 em; Figure I in Brezina & 
Cohen, 1904) from Mass I. 

15 7 g part slice (no. 3105, 6 x 4 x 0.9 em) from an unidentified 
mass 

Tonganoxie, Kansas, U.S.A. 

39°51N, 95°7'W; 250m 

Medium octahedrite, Om. Ba"ndwidth 1.10±0.10 mm. Neumann 
bands and £-structure . HV 270±25. 

Group lilA, judging from the structure. 7.82% Ni, 0.50% Co, 
0.13% P. 

HISTORY 

A mass of 26.5 pounds (12.0 kg) was found in 1886 by 
Mr. Quincy Baldwin on his farm a mile west of the town of 
Tonganoxie , Leavenworth County. The corresponding coor-

dinates are given above. Baldwin manufactured a fishhook 
from a small fragment of the mass; but, disappointed that it 
was not an iron ore, he sold the meteorite in 1889 to a 
friend who again sold it to the University of Kansas.lt was 
examined and described by Snow (1891) and by Bailey 
(1891) who also produced a good analysis and a figure of 
the exterior and of an etched section. Photomacrographs 
with brief descriptions of other sections have been pub­
lished by Ward (1904a: plate 2), Mauroy (1913: plate 2) 
and Nininger (I933c: figures II and I2), but otherwise the 
meteorite has apparently not been examined. 

COLLECTIONS 

Chicago (945 g), Utrecht (about 400 g), Vatican 
(349 g), Leningrad (336 g), New York (321 g), London 
(260 g), Helsinki (258 g) , Ti.ibingen (245 g), Washington 
(230 g), Vienna (224 g), Rome (222 g), Tempe (222 g), 
Harvard (220 g), Prague (204 g) , Paris (I 73 g), Oslo ( 163 g), 
Calcutta (140 g), Strasburg ( 130 g), Yale (I 28 g), Hamburg 
(I 28 g), Bally ( II9 g) , Moscow (71 g), Budapest ( 16 g, 
previously 139 g) , Berlin (8 g), Denver (x g). 

Farrington (19I5: 458) and Hey (1966: 486) stated 
that the main mass was still in the University of Kansas. 
This is evidently not correct, since it appears that the whole 
mass was sliced at an early date - before I900 - and 
distributed as parallel slices of 100-400 g weight. The 
cumulative weight of the known slices is 5.5 kg. The loss in 
cutting, grinding and polishing to produce all these sections 
may be estimated to amount to 4 kg. This allows for a 
maximum of 2.5 kg in other, unregistered collections, such 
as the University of Kansas, Lawrence. 

DESCRIPTION 

According to Snow (1891) and Bailey (189I), the mass 
was irregular of shape, resembling a "lion couchant," and 
measuring 24 x I6 x 9 em. The entire exterior was covered 
with a reddish-black coating of ·iron oxide-shale, and 
polished sections were noted to exude minute droplets of 
iron chloride from near-surface cracks and from under the 
oxide crust. 

Although, as mentioned above, the meteorite now only 
exists as a number of parallel 2-IO mm thick slices, the 
general description of the weathered state can be con­
firmed . No fusion crust and no heat-affected cx2 zone were 
detected on the sections. However, hardness tracks perpen­
dicular to the surface exhibited, in the last two or three 
millimeters, a significant drop to 220 from interior values 
of 270. This may be interpreted as a hardness curve type I 
(or IV) where the left leg has been lost by corrosion ; 
probably 3-4 mm has been lost on the average. In many 
places this loss has occurred through the spalling off of 
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micrographs clearly show how different lamellae , all of the 
same hardness , 290± 15, etch in various shadings. The 
€-structure responds to etching in much the same way as 
Neumann bands in less shocked meteorites . The effects are 
mainly due to different orientation of the kamacite 
lamellae. 

Taenite and plessite cover about 35% by area, mostly 
as comb and net plessite and as dark-etching fields . A 
typical dark, rhombic field will exhibit a tarnished taenite 
edge (HV 350±20) followed by a light-etching martensitic 
transition zone (HV 450±20). Then follow a brown-etching 
martensite - developed parallel to the bulk Widmanstiitten 
structure (HV 51 0) - and than a darker etching, but 
similar, martensite (HV 425±25) . Finally come duplex 
interiors of a+ 'Y - first fine-grained (HV 350±1 0) and then 
coarse-grained, approaching net plessi tic development 
(HV 295±15). 

Schreibersite is common as hieroglyphic or rosette­
shaped crystals, typically 5 x 0.5 mm in size. They are 
monocrystalline but somewhat brecciated. Point counting 
of a typical area (57 cm2 ) resulted in an average of 0.25% P 
as visible phosphides. Since phosphorus is also present in 
microscopic phosphides and in solid solution the P-determi­
nation by Moore seems to be a better bulk value than mine, 
which was obtained on a small portion of shavings. The 
schreibersite has a 1-1.5 mm wide rim of swathing kama­
cite. Schreibersite is also common as 20-50 f.1 wide grain 
boundary precipitates and as 2-20 f.1 thick blebs in the 
plessite fields, but island-arcs are absent. Rhabdites are 
numerous , but very small, generally 0 .5 -1 f.1 across. They are 
best identified in the exterior heat-affected a 2 zone where 
they are microme lted. Around several of the martensitic, 
dark-etching fields there are numerous slipplanes decorated 
by Jess than 0.5 f.1 wide phosphides; compare Thule , 
Weiland and others. 

Troilite was not observed on sections totaling 400 cm 2 , 

however, it is present , as noted above in the discussion of 
the crust. 

Treysa is a medium octahedrite that resembles 
Ilinskaya Stanitza, Grant and several other irons of 
group IIIA-IIIB . It is a little anomalous in its detailed 
Ni..Ca..Ce ratios , and also in its P-Ir ratio. 

Specimen in the U.S. National Museum in Washington: 

195 g part slice (no. 1881, 10.5 x 8 x 0.3 em) 

Tucson, Arizona , U.S.A . 

Approximately 31 o 48'N , 110° 48'W 

Polycrys talline ataxite with flow pattern of olivine inclusions. 
HV 225±20. 

Anomalous. 9.53% Ni, 0.45 % Co, 0.09% P, 0.21 % Cr, 0.8% Si, 0.94 
ppm Ga , 0.05 ppm Ge, 2.1 ppm Jr. 

The Ring mass is the best preserved . The Carleton mass has been 
significantly reheated artificially. 

Treysa - Tucson 1235 

HISTORY 

When first reported in scientific literature, by Velasco 
(1850) and LeConte (1852), the two Tucson iron meteorites 
had already been known to the local population of the then 
Spanish-Mexican southern Arizona for some time. The 
remarkable irons , which at one time were both in use as 
anvils, are now in the Smithsonian Institution, Washington. 
The ring-shaped Irwin-Ainsa mass weighs 621.5 kg, while 
the ear-shaped Carleton mass weighs 282 kg. The original 
weights are unknown but may be estimated to have been 
about 635 kg and 287 kg (about 1,400 pounds and 
635 pounds), respectively ; see page 1241 . Previous esti­
mates for the original masses are 688 kg and 287 kg (Hey 
1966). 

Much has been written about these meteorites, but it is 
only fair to say that very little more is known of the 
circumstances and place of discovery now than in 1850. 
Excellent reviews have been presented by Fletcher (1890b), 
Wiilfing (1897 : 367) , Cohen (1900e; 1905), Farrington 
(1915 : 460) and McGough (1943 ; 1944) to which the 
reader must refer for detailed information. Here I shall only 
quote and discuss a few of the original reports, as these are 
felt to be pertinent to the history of the masses and to 
contain valuable information as to the sites and dates of 
discovery . Numerous other reports exist, but in my opinion 
they are based upon second- and third-hand information 
and, consequently, best omitted. Some, e.g., the contribu­
tions by Santiago Ainsa, appear unreliable and are appar­
ently improved upon to draw attention to the Ainsa family. 

The first record is the following, which was originally 
in Spanish and consequently unnoticed for a long time. 

Between the presidio of Tucson and Tubac is a mountain 
range called Sierra de Ia Madera and (a pass called) 
Puerto de los Muchachos. In it are several enormous 
masses of native iron, and many have rolled to the foot 
of the said sierra. One of the masses, of a moderate size, 
was transported to Tucson and has stood for many years 
in the plaza of the said presidio. (Velasco 1850.) 

Tubac - until 1751 an Indian village - is believed to have 
been the first permanent white settlement in Arizona; it 
was made a presidio (i.e. , the site of a garrison) by the 
Spanish after the Pima Indian revolt in 1751. The Indian 

Figure 1798. Tucson . The Ring specimen, or lrwin-Ainsa mass, now 
weighing 621.5 kg, in the old exhibition rooms of the Smithsonian 
lnstitu tion. (To the left, the Casas Gran des mass, to the right a 
Canyon Diablo mass). S.I. neg. 15720. 


