
Figure 441. Canyon City (U.S .N.M . no. 468). Shock-hatched 
<'-structure of grea t hardness. Duplex, alm ost unresolvable plessite 
fields. Subboundaries and rhabdi tes in the kamacite. Etched. Scale 
bar 400 J.L . 

(~ ~ 35) and with a width of 1.00±0.10 mm. They are , due 
to shock in the 130400 k bar range , converted to the 
hatched e-structure , which shows a hardness of 305±15. 
The fields , which occupy about 25% by area , are normally 
open-meshed , almost resorbed comb and net plessite 
regions. The individual 50-100 J.1 wide a-grains of the fields 
are differently orientated, as is evidenced by the various 
orientations of the €-structure in them . The plessite fields 
have discontinuous taenite rims. Some acicular plessite is 
present. A typical field will have a narrow taenite rim 
(HV 370±30) followed by an indistinct, martensitic 
transition zone (HV 420±20) which merges with a poorly 
resolvable , duplex interior (HV 360±20). 

Schreibersite occurs in modest amounts as 5-25 J.1 wide 
grain boundary precipitates and 2-20 J.1 irregular nodules in 
the plessite interior. Rhabdite prisms 1-2 J.1 thick are 
common in the kamacite lamellae and particularly 
conspicuous where selective corrosion has attacked their 
immediate surroundings. 

Lenticular troilite bodies , typically 2 x 0.4 mm, were 
observed scattered over the surfaces. In a few cases they 
were sheathed in 10 J.1 schreibersite, but the overall 
phosphorus content is too low to produce a wide seam. 
"Troilite filled fissures ," reported by Ward, are terrestrial 
oxidation products. Daubreelite is rather common as 
50-100 J.1 bluish nodules, some of them with several parallel, 
5 J.1 wide troilite lamellae . Still smaller nodules were found 
in the comb plessite under such circumstances as to suggest 
a precipitation from the-y-phase. 

Canyon City - Canyon Diablo 381 

Canyon City is a medium octahedrite with shock 
structures closely resembling Boxhole and Henbury. 

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

268 g corner piece (no. 468, 5.5 x 5 x 1.5 cin) 
15 g oxidized fragments (nos . 37 , 1165) 

Canyon Diablo , Arizona, U.S.A. 

35°3'N, 111 °2'W; 1750 m 

Coarse octahedrite, Og. Bandwidth 2.0±0.5 mm , and sometimes 
larger variations. 

Neumann bands, <'-structures, recrystallized and a 2 structures. 
HV 145-370. 

Group I. 7.10% Ni, 0.46% Co, 0.26% P, about 1.0% C, about 
1.0% S, 80 ppm Ga, 320 ppm Ge , 1.9 ppm lr. 

HISTORY 

Probably more than 20,000 fragments ranging from 
50 g to 639 kg have been recovered since 1891 in Coconino 
County from a roughly circular region 15 km in diameter, 
in the center of which Meteor Crater is situated. In 
addition, numerous small metallic fragments and numerous 
heavily weathered chips , flakes and shale balls have been 
collected . Several large and small irons , individually named, 
have been found up to many hundred km from the crater 
and are believed to be transported fragments (see Ashfork, 
Bloody Basin, Camp Verde, Ehrenberg, Fair Oaks, Helt 
Township , Houck, Moab, Pulaski County , Rifle, Schertz, 
Wickenburg, at the end of Canyon Diablo). Also 
Albuquerque, Las Vegas, Oildale, and Palisades Park appear 
to belong to this category . The 90 g fragments labeled 
Monument Rock by Nininger & Nininger (1950 : 131 and 
Plate 15) and Hey (1966: 314), have also been checked by 
the author and were found to be Canyon Diablo material. 

As can be seen on page 389, the cumulative weight of 
masses in public collections is 11.5 tons. The total weight 
of all recovered metallic specimens has been estimated to be 
30 tons (Nininger 1949), which seems a plausible estimate 
based on what is in public collections and what is known 
about the activities of the early collectors. The cumulative 
weight of all recognizable meteoritic material, based upon 
soil sampling of weathered, but strongly magnetic 
fine-grained debris from a 200 km2 area around the crater , 
has been estimated at 8,000 tons (corrected for oxygen) 
(Rinehart 1958). Estimates of the total mass of the 
meteorite calculated from the size of the crater will , of 
course , be highly dependent upon the velocity with which 
it is assumed to have hit the Earth. Of this we know very 
little, so it is not surprising that figures vary: 400,000 tons 
(Magie 191 0), between 5 ,000 and 3,000 ,000 tons (Moulton 
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394 Canyon Diablo 

brown-etching kamacite (IN 275-370). Lenticular deforma­
tion bands occur locally, and severe shear zones, 2-250 JJ. 

wide , cross the entire specimens. The taenite and plessite 
fields may be abruptly shear-displaced at least 1 rum along 
these shear zones. Incipient recrystallization to serrated 
5-50 JJ.O:-grains (HV 170-210) has occurred in the most cold­
worked shear zones. The kamacite may show severe cold 
working (HV 350), without any indications of annealing, 
100 or 200 JJ. on either side. 

Schreibersite and cohenite are brecciated but mono­
crystalline, and there are no reaction zones around them. 
The originally monocrystalline troilite is slightly altered; it 
is divided into millimeter-sized passive monocrystalline 
blocks, slightly rotated, and separated by polycrystalline, 
recrystallized troilite grains, 5-50 JJ. across. The included 
graphite and cliftonite are sheared, and individual fans and 
flakes are twisted and bent. 

While the bulk of the troilite is only slightly altered, 
troilite is often present in the shear zones. Here it forms 
10-100 JJ. wide "lubricants" of micro melted spongy material 
with minute fragments of the walls embedded. 

The changes are clearly due to shock waves of brief 
duration. The high contrast between adjacent parts of the 
sections suggests shock wave attenuation and steep 
pressure gradients. The effects are clearly observed around 
troilite nodules and other large mineral inclusions such as 
changes in microhardness and etching characteristics of the 
kamacite. Heymann et al. (1966: figure 6) presented a 
photomacrograph of a section, in which there had been an 
unusual pressure gradient, displaying hatched E-structures at 
one end and recrystallized kamacite at the opposite end, 
8 em distant. Perhaps the peak pressure was 600 k bar at 
one end and 800 k bar at the other , suggesting pressure 
gradients of 25 k bar per em. 

Ill. Shock-annealed masses. Usually 0.5-100 kg, either 
from the plain or from the rim. U .S.N M. no. 1530 
(15.4 kg), no. 394 (32.8 kg) and no. 676 (about 40 kg). 

Figure 467. Canyon Diablo. Stage V, as Figure 466. Cohenite with 
four kamacite and two taenite inclusions. Along the cohenite­
kamacite interfaces indistinct reaction zones occur. E tched. Scale 
bar 100 IL· See also Figures 136 and 138. 

Specimen no. 1530 was discovered in 1947 5 km east­
northeast of the crater rim, in Section 16, Township 19 
North, Range 13 East. It was partly exposed on the surface 
under sage brush. There was a considerable amount of 
oxide under and around it and much of it scaled off on 
removal of the mass (original label). It measures 18 x 16 x 
16 em and displays large shallow cavities on the buried 
surface, 3-6 em across, while the opposite surfaces are 
pock-marked by numerous densely spaced pits, 1-2 rum 
across. The outlines of six troilite nodules, each 1-5 em 
across, are clearly suggested on the surface due to their 
different rate of oxidation. Their presence is also revealed 
with a pocket magnet, because the nodules are less 
magnetic than the metallic part of the meteorite. Fusion 
crusts and heat-affected a:2 zones have been lost by 
weathering. 

These masses deviate only slightly from group I. They 
have a somewhat lower hardness of kama cite (145-21 0), 
and locally incipient recrystallization to 5-50 JJ. grains has 
occurred. The taenite is slightly annealed (HV 200-280), 
and the troilite shows mixtures of monocrystalline passive 
blocks and eutectics. It is estimated that these samples have 
been slightly reheated to 400° or 500° C, in association 
with the cratering event, but unless one examines good 
sections very carefully, there is little to distinguish them 
from group I above. 

IV. Shock-annealed to recrystallization. Specimens 
usually smaller than 5 kg. Corresponds to some of the 
moderately shocked samples of Heymann et al. (1966). 
Type example Tempe no. 34.4040 (about 500 g) from the 
rim (Moore et al. 1967). The structures can also occur in 
plains specimens. The sample measures 8 x 6 x 2.5 em and 
is highly irregular, rather wedge-shaped with sharp edges. It 
is weathered and irregulaily covered with 0.1-1 rum thick 
limonitic crusts. Fusion crusts and heat-affected zones of 
the usual kind were probably never present. 

-. 
Figure 468. Canyon Diablo. Stage V as Figure 467. A small troilite 
lens has been shock melted. Filaments of melted material penetrate 
through adjacent kamacite, which is itself transformed to 
unequilibrated a 2 grains. Etched. Scale bar 200 /.L . 




