





Stuart H. PERRY

Stuart Hoffman Perry died on February 15, 1957, in Tucson, Ariz. He
was the publisher of the Adrian Telegram and vice president of the
Monroe Evening News, both well known Michigan newspapers. From
April 1940 he was an associate in mineralogy at the U. S, National Museum.

Perry was born October 13, 1874, in Pontiac, Mich., and while very
young showed an interest in science. At 15 he presented a paper on
rhizopods before the American Microscopical Society. In 1894 he gradu-
ated from the University of Michigan, where he studied chemistry,
geology, aud zoology. Two years later he graduated from the University
of Michigan Law Schocl, and for nearly five years practiced law in De-
troit. In 1901 he cntered newspaper work. After a few years of pub-
lishing various papers in Michigan he purchased an interest in the Adrian
Telegram, and a few years later an interest in the Monroe Evening News.

Fossils were one of Perry’s early scientific pursuits, but when someone
showed him a meteorite and asked some questions about it his reply was
that he did not know but that he would look into that subject. From that
moment on, Perry’s scientific interests were essentially directed towards
the study of meteorites. He was both a keen student of meteorites and
a vigorous collector of them. However, the unique thing about his
collecting was that almost as soon as he became the owner of a meteorite

-as concerned with giving the specimen to a collection where it would
others in the study of meteorites.

1944 the U. S. National Museum published Bulletin 184, Perry’s
tallography of Meteoritic Iron.” Shortly thereafter Perry compiled
privately published five albums of photomicrographs on meteorites,
rackground of the study on which Bulletin 184 was based. Because
e excessive costs of this publication, the album series was limited to
sts.  Later the albuin series was expanded to nine volumes, in which
tudies on 166 meteorites were reported and 2,308 photomicrographs
nted.

1946 the National Academy of Science awarded Perry the J. Law-

Smith gold medal for bis investigations on meteorites. Through
ears that Perry was studying and collecting meteorites he generously

d his knowledge and specimens with others. Although he presented

specimmens to many institutions and privately assisted others in their
studies of meteorites, he was sincerely interested in the growth of the
national collection of meteorites and presented what he considered to be
his important specimens to the U. S. National Museum. During his life
Perry donated 192 different meteorites to the national collections.
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which has the best development of these features was, we suspect, the
forward face during the last moments of high-velocity flight.

The cavities in this iron are a most conspicuous feature. Many of
them are large, others are narrow but deep, and many have rims that
curl inward. At one place a series of cavities makes a tunnel through
the meteorite.

The irregular shape of the Goose Lake meteorite suggests that it
probably did not hold a fixed position very long during its fall. Thus,
if the cavities were made during its passage through our atmosphere,
they formed in a fraction of the time the iron was in the atmosphere.
The highest temperature and the major changes in shape occur on the
front side of a meteorite, but it seems to us illogical to suppose that
each of the cavities was made in the brief interval during which a
fixed point was in front.

F. C. Leonard (1939a) and E. G. Linsley (1939a) each published a
picture of the meteorite in situ, but as these pictures seem to be
different, it is difficult to believe that both actually show the meteorite
wn sitw. The side of the meteorite which was in front at the end of
the flight may not be the side next to the ground, because the iron
probably rolled after it struck.

Metallography and Chemical Composition

A large piece from the edge of the Goose Lake meteorite (pl. 2)
was cut into slices, each about three-eighths of an inch thick. In
these polished and etched sections it was possible to observe the dis-
tribution of the inclusions.

Schreibersite occurs in small elongated bodies, each surrounded by
swathing kamacite. Troilite is less abundant and occurs in rounded
inclusions, the largest measuring 1.75 cm. in diameter. Since many
consecutive slices were available for examination, we are rather con-
fident that no large troilites or long tubelike inclusions are present.
A little schreibersite occurs between the troilite and the matrix, but
this is a normal association.

The thin, dark oxide veins shown in plate 7 are essentially parallel
to kamacite lamellae. The slice shown came from the edge of the
meteorite, where the mass of metal is comparatively thin and where
the metal was under the greatest strain during the fall. The strain
exceeded the bond between the kamacite lamellae or between the
kamacite and taenite, which explains why the oxide veins parallel the
structures. Presumably the fractures were filled when the surface of
the meteorite was extremely hot, because only then would the metal
flow freely enough to enter the tiny cracks. The volume of injected
metal is so small in comparison with the mass of the meteorite enclos-
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specimen which fell Oct. 18, 1916 (Zavaritzkit and Kvasha, 1952).
The Maldyak iron is an octahedrite; the Boguslavka iron a hexa-
hedrite. It is much easier to explain the Boguslavka meteorite
separating into fragments than the Maldyak iron, because hexa-
hedrites have a cubical cleavage while the octahedrites have no
cleavage.

Figure 1,¢, taken from Zavaritzkit and Kvasha (1952), shows that
the place of separation for these two pieces of the Boguslavka iron is
at right angles to the base. The right side of the upper portion of
the left piece is essentially parallel to the fracture separating the two
pieces. Since these faces appear to be straight, flat, and normal to
each other, possibly they are cubical cleavages.

Figure 1,5, was taken from Akulov and Brukhatov (1941) and is
slightly different. The figure shows the reverse side of the Boguslavka,
iron, and the bottom of the front face of the smaller portion is unlike
the view Zavaritzkit and Kvasha used. However, the right side of
the smaller piece is essentially parallel with the adjacent side of the
larger portion, again indicating cleavage. Neglecting the minor

a

Ficure 1.—Sketches of the Boguslavka meteorite, which possibly broke along its cubical
cleavage directions. a4, From Zavaritzkit and Kvasha (1952); 4, from Akulov and
Brukhatov (1941),
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of the wide, shallow depressions known as “thumbmarks,” are ...
cussed in the sections that follow.

Tt is difficult to describe, measure, or photograph a cavity so that a
reader can obtain a comprehensive conception of it, which may
partially explain why these features have been neglected in descrip-
tions of meteorites. The measurements recorded for these cavities
are approximate values but are sufficiently accurate to give an idea
of their size. We have determined the volume of a few cavities.

The cavities in some meteorites are bowl-shaped, but when a cavity
is two to four times as deep as it is wide, it resembles rather a drill
hole. However, cavities have one almost universal characteristic:
The width of the opening at the surface is less than the diameter of the
cavity measured down in the hole.

A rim of deformed metal overhangs and bends into many cavities on
the Goose Lake iron. If the fingers are rubbed over the rim inward
toward the cavity, the surface feels smooth, but when the direction is
reversed the rim feels jagged. We believe the rim of overhanging
metal was produced by thermal action on the surface of the meteorite
after the cavity was there.

The largest cavity in this iron, shown in plate 1, has an irregular
opening measuring approximately 10 by 12 inches. Within it there
are 8 smaller cavities with openings measuring 0.5 to 2.0 inches in
width and 0.5 to 1.0 inch in depth. An interesting feature of this
large cavity is an opening in its base approximately 2 by 4 inches that
leads into an oval cavity entirely within the meteorite. The oval
cavity is approximately 7 inches long and 4 inches wide and has an
opening on the rear face of the meteorite. The side wall of this
cavity at one place is only about an inch below the surface. This
place can be located in plate 1 between the middle of the long rule
and the lower part of the opening to the large cavity directly above.

The oval chamber makes & tunnel through the meteorite. But since
concealed cavities have not been found in any of the sections cut
through iron meteorites, we do not believe that this oval chamber was
a concealed cavity. The lip around the larger cavity (pl. 1) turns
inward as does the lip around the opening from the bottom of the
large depression into the tunnel. We regard this tunnel to be as much
a primary feature as the hole through the Tucson, Ariz. (Ring),
meteorite shown in pictures by Merril (1929).

It is impracticable to measure or illustrate in detail all the cavities;
therefore, a few of the important types were selected for a more
detailed study. With the assistance of W. E. Salter of the United
States Geological Survey, latex molds of these cavities were prepared
and plaster casts made of the molds. After a plaster mold was avail-
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side, indicate that these holes already existed when the outside surface
was being ablated.

It is unrealistic to assume that the cavities in the Canyon Diablo
irons were much deeper than the combined length of the trough and
the depth of the present holes. If it is assumed that these holes were
4 inches deeper than they are now, the cavities would have been about
6 to 10 inches deep and possibly less than an inch wide. A hole of
such dimensions would seem most improbable.

If 2 to 4 inches were lost from one side of the meteorite, the diam-
eter of the meteorite would have decreased 4 to 8 inches. If that
much metal were ablated from an iron such as the Goose Lake speci-
men, the percentage of weight lost would be large. But if our assump-
tion of the metal lost by ablation is high—and it probably is—the
dimensions of the meteorite would not have been greatly reduced in
flight, in which case the present mass may still have some of its
primary cavities.

Cavities, as far as we know, do not occur within iron meteorites.
If these are preflight features, it means that no sizable piece was
broken from the Goose Lake iron during its fall through our atmos-
phere. Also, it is unlikely that this meteorite came from the metallic
core of some planet, for if it had, the implication would be that cavities
existed there, and such a condition seems improbable.

It might be suggested that these cavities were filled with some
mineral which has since vanished, but it is generally assumed that
meteorites rather reliably represent the body in which they formed
and also that the composition and structure of the portion that was
lost in flight are essentially the same as those of the mass still re-
maining. There is no evidence that any low density minerals were
concentrated near the outside edges of the larger meteorites.

The metallography of the metal in the overturned rims of cavities
needs further study. In a section cut through the rim of a cavity in
the Goose Lake iron (pl. 6), the Widmanstatten pattern was neither
obliterated nor granulated. Granulated zones have been found around
the outside edges of several iron meteorites, and those zones are
usually wider than the overhanging lips of metal around the cavities.
In general there is little evidence that heat penetrated the Goose Lake
meteorite; the limited evidence found is discussed in the section dealing
with the metallography. However, the feature which did indicate a
thermal change was found near the surface of this iron.

After reviewing all the evidence or possibilities outlined in this
paper relative to the origin of cavities, we are inclined toward the
view that the deep, narrow holes in the Goose Lake iron existed before
it entered our atmosphere. The specific manner in which they were






























372 PROCEEDINGS OF THE NATIONAL MUSEUM VOL. 107

cohenite film, but we could not understand why the lines in his film
were indistinct. Now we suspect that the cohenite Beck X-rayed
was partly graphitized or carbonized.

Although present in limited amounts in the Breece meteorite,
cohenite is difficult to detect; yet it is a rather common mineral in
coarse octahedrites. Cohenite apparently becomes less and less
abundant as the Ni content increases above that which is normal for
the coarse octahedrites. Nickel apparently partly graphitizes or
carbonizes the cohenite; thus it is unlikely than an iron meteorite
like the Breece would contain more then a trace of cohenite. Further-
more, since carbon pseudomorphs are made by prolonged treatment
of cohenite in dilute HCl, possibly the carbon aggregates we found
originated from cohenite. Thus, the acid treatment given the sample
may have partly carbonized the cohenite that Beck X-rayed.

Chemical Analyses of the Matrix and the Schreibersite
in the Breece Meteorite

Table 8 contains all the reported analyses of this meteorite. The
failure of Martin (analysis 2) to report phosphorus probably influ-
enced Beck, La Paz, and Goldsmith to call these lamellae cohenite.
All the other analyses show phosphorus, and all except No. 5 show
only traces of sulfur. Possibly, Carlisle’s sample contained a bit of
troilite.

TaBLE 8.—Findings, by various analysts, of the chemical composition of the Breece,
N. Mez., meteorite

(n (2) 3 ) )
Henderson
(new analysis) Martin? Herpers ® Nichols ? Carlisle 3

Fe 89. 627 89. 87 89. 97 90. 06 88. 69
Ni 9. 167 9. 26 9. 46 8. 67 9. 58
Co 0. 635 0. 89 0. 19 0. 62 1. 02
S trace 0.11 trace 0. 03 0. 23
C trace 0.03 _— — 0.10
P 0. 571 0. 00 0. 219 0. 47 0. 46
Cl —_— 0. 00 — —_ —
Cu — 0. 00 0. 002 0. 02 —_

! In Beck, La Paz, and Goldsmith (1951, p. 537).

2 Personal communijcation from S. K. Roy, Chicago Museum of Natural
History.

3 Personal communication from L. La Pax, University of New Mexico.

The magnetic portion of the insoluble residue makes up 3.63 percent
of the meteorite by weight. If the schreibersite in the material repre-
sented by analyses 1, 4, and 5 of table 8 is calculated, all these
analyses contain about the same amount of schreibersite.
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TaBLE 9.—Chemical composition of the insoluble residue (schreibersite) from the
Breece meteorile

Analysis by Analysis by

Carlisle Ratio Henderson Ratio
Fe 60. 82 1. 09 « 59. 93 1. 071
Ni 24, 52 0. 418:3. 52 24. 18 0.412:2. 93
Co 0.15 0. 002 0. 014 0. 002
P 13. 19 0.425 1 15. 75 0.507 1
S 0. 00 0. 00 — —_
C 1. 06 0. 09 b 0. 002 —_—

* By difference.
b Carbon not determined, but observed.

The carbon that Carlisle reported, 1.06 percent, was not all derived
from the decomposition of cohenite by acid used to dissolve the
sample, because if there is 1.06 percent carbon and all of it came from
cohenite, the Breece meteorite would contain about 7 percent ¢ 2nite.
Such quantities of cohenite are not present in this meteorite. Al-
though some of the carbon Carlisle reported may have been derived
from cohenite, most of it represents disseminated carbon in the
meteoritic iron.

Summary

The mineral in the lamellar inclusions formerly was incorrectly
identified as cohenite. This restudy proves that the mineral is
schreibersite and confirms the presence of cohenite in this meteorite.

The Tombigbee, Alabama, Meteorite
Prate 17

The Tombigbee meteorite was restudied because the old analyses
reported less nickel than we believed should occur in a hexshedrite.
Since hexahedrites are essentially kamacitic iron and usually contain
about 5.5 percent Ni, it seemed important to check the accuracy of
some analyses reporting low nickel percentages. If such analyses are
correct, some explanation must be given for the apparent deficiency
of nickel.

'This meteorite contains many large schreibersite inclusions as well
as rhabdite needles; therefore, it is particularly suited to an investiga-
tion 'of the composition of the phosphide inclusions, the kamacitic
groundmass, and the kamacite adjacent to the large schreibersite
bodies.

Since the areas to be analyzed were selected from a slice about
one-eighth inch thick (pl. 17), it was possible to have some control
over the homogeneity of the selected samples. The findings reported
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are based upon studies of special areas, thus they do not truly represent
the composition of the meteorite. A representative analysis of a
meteorite such as this one is possible only if special attention is given
to the selection of the sample. To sample the Tombigbee iron
properly, it is necessary to get the actual proportion of inclusions ~-1
matrix in the main mass. Because of this difficulty the analyse f
such a meteorite may vary more than those of the normal hexahedrites
or fine-grained octahedrites.

Farrington (1915b) gave a comprehensive summary of the historical
and descriptive data on this iron, which he called De Sotoville. Foote
(1899) described six specimens that were found along a straight line
about 16 kilometers long. Three pieces were from south of De Soto-
ville in Choctaw County, Alabama, and three from farther north, in
Sumter County. It is important to note that the heaviest of the six
was the one farthest north and the smallest was at the south. All
were found between 1858 and 1886 and were extensively altered when
discovered.

Classification

This meteorite has been classified in three different ways: Berwerth
(1903) called it an ataxite; Klein (1903) called it a finest octahedrite;
and Farrington (1903) noted its cubic character. Brezina and Cohen
(1904) observed that different pieces of this iron had different strue-
tures. They said:

Mass 1 considered by itself alone, may be regarded as hexahedral iron; Mass
V], as the same, though possessing in places a granular structure, while in Mass 111
only traces of Neumann lines are visible . . . . It must be assumed that various
masses of the De Sotoville iron were originally normal hexahedrites and in varying
degree of extent were subject to agencies which wrought a change of structure.
Probably different degrees of heating may account for the difference, which in
the case of some of the masses may have been carried to the extent of softening or
complete melting of the entire mass . . . . It cannot be determined with cer-
tainty whether the masses in question were heated by the finders, as so often
happened in the case of meteoric iron, or whether a secondary softening took
place before or during their fall . . . . Since, however, in the neighborhood of
the displacement and veins, occur structural changes similar to those of the
apparently thermally altered portions, the conclusion may be drawn that the
thermal process is also not of artificial or terrestrial origin, but of the same cosmic
nature as the mechanical changes; and that through heating and pressure there
was a gradual change of a hexahedral iron into an ataxite . . . .

Perry (1944) classified the Tombigbee iron as a hexahedrite. It has
a clear primary granulation and shows no diffusion around the phos-
phide needles. Neumann lines are profuse but delicate, and their
diverse orientation in the grains is similar to that occurring in typical
hexahedrites.

Although taenite and plessite may be present in this iron, they were
not observed. The numerous dark spots scattered through the
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TaABLE 11.—A composite analysis of an area in the Tombigbee iron consisting of
kamacite and schreibersite, and an average analysis of hexahedrites

1 2

Composite analysis of
an area consisting Average of
of kamacite and  hexahedrites

schreibersite

Fe 91. 86 93. 76

Ni 5.10 5. 51
Co 0. 64 0. 56

P 2. 64 —_

FeS 0. 016 —

Insol. 0. 01 —

Mol. ratio _Ee___ 17. 13 16. 45

Ni+Co

A comparison of the molecular ratios of a composite analysis of a
section of the Tombigbee iron with that of an average of 39 iron, 41
nickel, and 39 cobalt determinations on different hexahedrites shows
that the Tombigbee iron is a hexahedrite rich in phosphide inclusions.

Other areas from the matrix in this iron were analyzed to verify the
composition of the matrix. These analyses are given in tables 12 and
13. Swathing kamacite contains 0.55 percent less Ni than the
average of the analyses of the ground mass (table 14). However, it
is more than likely that the swathing kamacite studied was con-
taminated by some of the matrix. Possibly the kamacite adjacent to
the phosphide contains less Ni than our findings report.

TaBLE 12.—Chemical composition of the average kamacite in groundmass in the
Tombigbee meteorite, remote from any schretbersite inclusions

Grams Percent Ratio
Fe 10. 5570 94. 19 1. 687
Ni 0. 4927 4, 39 0. 074
Co 0. 0773 0. 69 0. 011
P — —
Insol. 0. 0070 0. 06
11. 1340 99, 33

. Fe
Mol. ratio m—— 19.84

Weight of original sample, 11.208 gm.
Weight of recovered material, 11.134 gm.
Unaccounted for, 0.074 gm. (0.66 percent).

All the unaccountable portion in table 12 should not be assigned to
an error in the iron determination, although some of it may belong
there. After all the soluble material had dissolved, the insoluble
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Phosphide is more soluble in taenite than in kamacite. Both the
taenite and rhabdite, which separate as the temperatures are lowered,
contain increased percentages of nickel. The information needed to
follow the changes in composition that occur in the phosphide that
separates from the matrix as cooling takes place is not available.

Hardness Measurements on Swathing Kamacite

A series of Knoop hardness tests were made on the Tombigbee
meteorite at the Department of Metallurgy, Massachusetts Institute
of Technology, through arrangements made by Prof. H. H. Uhlig.
These values, given in table 16, show a progresive increase in hardness
as the distance from the phosphide increases. The Knoop hardness

TaBLE 16.—Knoop hardness numbers on swathing zone around schreibersite, load
100 grams, in Tombigbee meteorite

Test Knoop No.
211.
253.
246.
253.
233.
246.
253.
274.

0]t W
MO WPLOoOWoO ™

values confirm the analytical results by showing that there is a differ-
ence in the composition of the metal in the swathing zone around
schreibersite bodies and in the matrix.

The lowest value reported was 211.6, and the highest 274.4. The
higher value we suspect is essentially that of the matrix. Dalton
(1950) reported that the hardness of hexahedrites is consistent at
about 180 on the Knoop scale and that the hardness of kamacite in
octahedrites is approximately 260.

Hexahedrites Containing an Abundance of Schreibersite

The La Primitiva, Chile, iron (Cohen, 1897b, p. 123) is rich in
schreibersite and was classified as an altered hexahedrite. We assume
that Cohen meant the meteorite had a structure modified by reheating
rather than weathering or chemical alteration. Prior (1914), in a
description of the Angela, Chile, meteorite, said this iron ‘“‘is honey-
combed by schreibersite, which on one piece is estimated to amount to
nearly a quarter of the mass.” La Primitiva and Angela are now
regarded as the same meteorite.

The kamacite in the Soper, Oklahoma, iron (Henderson and Perry,
1948b) is unusually low in nickel. Here the numerous phosphide in-
clusions occur as small masses between kamacite grains. Apparently,
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this iron solidified before the phosphide could coalesce. With the
phosphide scattered as small bodies, the contact between the schreiber-
site and kamacite is greater than if the schreibersite is segregated into
one large body. Hence, a favorable opportunity existed for the phos-
phide bodies in the Soper to acquire more nickel than did the schreiber-
site in the Tombigbee iron. The Soper schreibersite contains 15.61
percent Ni, while the large inclusions in the Tombigbee contain only
between 12.02 and 12.58 percent.

TABLE 17.—Chemical composition of kamacite in the Soper, Angela, and
La Primitiva meteorites

Soper Angela La Primitiva
Fe 93. 35 95. 03 94. 72
Ni 4. 11 4. 52 4.72
Co 0. 51 0. 65 0.71
P — trace 0.18

Since the above analyses of the groundmass of the Soper and Angela
meteorites are free from phosphorus and were made on material con-
taining no schreibersite, all the nickel belongs to the kamacite. The
La Primitiva analysis shows 0.18 percent P, or about 1.2 percent
schreibersite. If this mineral contains the same percentage of nickel
as the Soper schreibersite, and if the La Primitiva analysis was cor-
rected for that amount of schreibersite, then the nickel content of the
kamacitic groundmass in La Primitiva is approximately the same as
that found in Angela.

Summary

Analyses of the matrix, the metal adjacent to the large schreibersite
bodies, the large schreibersite, and the rhabdite needles of the Tom-
bigbee meteorite are given. The distribution of Ni in the matrix is
uniform, but the zone of swathing kamacite immediately enclosing
the large schreibersite contains less Ni than the matrix. The evidence
indicates that large schreibersite bodies became enriched in Ni. The
diffusion of Ni from the matrix into the swathing kamacite zone or the
diffusion of the rejected iron from the phosphide into the matrix was
not fast enough to equalize the abundance of Ni in the matrix and the
swathing kamacite. The hardness measurements show a difference
between the matrix and the swathing kamacite. Thus, the matrix of
those hexahedrites which have many large phosphide bodies enclosed
within them may contain less nickel than the average hexahedrite. A
few analyses of other meteorites of this type are given.
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many pieces were broken off the meteorite while it was decelerating.
Most of these pieces either were essentially consumed in the air or
fell unnoticed and have not as yet been found.

Thus, possibly the noise that the woman heard originated back
along the path of the meteorite. Sound waves travel at greater
speeds than those at which the fragments would fall, so that the
noise could be heard several seconds before any of the pieces landed.
The sounds that were heard may have been produced when the
meteorite encountered or passed through the sound barrier. The
noises which alerted the native mother possibly were made after the
pieces were broken off.

We were given®the two small specimens for restudy and a picture
of all four specimens. The approximate weights of the four Soroti
specimens are 1,000, 700, 190, and 170 grams.

The specimens consist of nickel-iron and troilite and have rough
surfaces similar to that of a pallasite. Numerous bits of metal pro-
trude from the surface of the specimen, some of them partly coated
with a black fusion crust in which delicate flight markings are pre-
served. The troilite is covered with a thicker crust of fusion products
than the Ni-Fe alloy, probably because troilite melts at a lower
temperature.

The cross section through the two Soroti specimens (pl. 18, top)
shows that the distribution of the metallic veins determined the shape
of the meteorite. The troilite is by the Ni-Fe alloy in the same
way that olivine is held in the pa es.

Apparently the troilite on the surface receded by ablation during
the flight slightly faster than did the metallic phase and for reasons
given on page 392. The troilite exposed on the surface is badly
fractured, indicating that mechanical action probably had as much to
do with the loss of troilite as thermal action.

The black crust covering many of the troilite areas on this meteorite
may be essentially the fusion product of troilite, although possibly
some material from the Ni-Fe alloy contaminates it. In color and
texture, the fusion crust on the troilite is indistinguishable from the
crust on the Ni-Fe alloy, but there is no reason to suppose that it
should be otherwise.

The unique character of this meteorite, we believe, makes it worthy
of a class name. The name sorotiite is proposed for meteorites con-
sisting of Ni-Fe and troilite which have structures similar to those of
the pallasites.

Normally one studies the polished surface of a slice through a
meteorite and then selects a typical area from that slice for the
chemical analysis. As it did not seem desirable to slice either of these
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TaBLE 20.— Recalculation of the partial analysis (lable 8) of the Soroti meteorite

Ni-Fe phase Composition of Percentage of

including schreibersile  components in
schreibersite deducted Ni-Fe analystis
Fe 84. 21 0.71 83. 50
Ni 12. 80 0. 137 12. 67
Co 0. 62 0. 01 0. 61
P 0.15 0.15 —
FeS 2. 22 — 2,22
Schreibersite — — 0. 99

TaBLE 21.—Analysis of the magnetic part of the Soroti iron before and after deducting
the troilite; also, the calculation of the density of the melallic phase

Analysis
Percentage of after deduct-
componenls ing FeS,

in Ni-Fe calculated Density of
analysis to 100%, constituents Quotient
Fe 83. 50 85. 41 - 7. 86 = 10. 866
Ni 12. 67 12. 96 -+ 8. 90 = 1. 456
Co 0. 61 0. 62 - 8. 90 = 0. 069
Schreibersite 0. 99 1.01 = 7. 00 = 0. 144

Troilite 2.22 — — —
12. 535
Density corrected for troilite=—102—=7.977
12.535

Roberts (1947) calculated the density for the metallic phase at 7.95,
but the formula he used is not entirely reliable.

The relative proportions of N-Fe and troilite in the Soroti can be
obtained by the following formula, where

x=weight percentage of troilite
100 —x=weight percentage of Ni-Fe
6.07=average density of meteorite
7.977=calculated density of Ni-Fe
4.77=density of troilite
we have

X
4.77

100—x 100

+ 7.977  6.07

By the above calculation, the troilite makes up 46.727 percent and
Ni-Fe 53.274 percent by weight of this meteorite. To make the
percentage more useful to the reader who examines plate 18 (top), the
weight percentage of troilite has been recalculated to volume percent-
age as follows:

433890—58——5
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Weight percentage of troilite
Density of troilite

==Volume proportion of troilite €))

Weight percentage of Ni-Fe
Density of Ni-Fe

==Volume proportion of Ni-Fe (2)

Substituting in equation (1) we have

46.727

4—-77‘=9.796,

and substituting in equation (2) we have

58.274
X =6,678.
Thus, the total volume proportion of troilite and Ni-Fe is 16.474.

Reducing to volume percentage of troilite we have

9.796
16.474

X 100=59.46.

And reducing to volume percentage of nickel-iron we have

6.678
16.474 X 100=40.45
Summarizing, the Soroti meteorite has 46.727 percent of troilite
and 53.274 percent of nickel-iron by weight; and it has 59.46 percent
of troilite and 40.54 percent of Ni-Fe by volume.

Metallography

The unique feature of this iron is the ratio between the troilite and
the Ni-Fe, although neither phase by itself is unusual. Of all the
many meteorites that have been studied, none resembles this iron.
It is therefore unlikely that numerous examples of this type will be
found, but it does not necessarily follow that such meteorites could not
be relatively abundant among those that enter our atmosphere.

The kamacite bands in the Soroti, measured in the direction of the
cut, have a width of less than 1 millimeter. Schreibersite, which so
commonly occurs between the troilite and the metal in other irons,
in this case is essentially within the Ni-Fe alloy. The zone of swathing
kamacite that encloses the entire Ni-Fe portion is nearly twice as
thick as the average kamacite lamella in this meteorite. Since
nickel does not replace iron in troilite, as it does in schreibersite, the
additional widths of swathing kamacite must have a different explana-
tion from that given for the swathing kamacite around the schreiber-
site in the Tombigbee iron (p. 379). Possibly troilite at higher
temperatures had some excess iron which, as cooling took place, was
rejected and the swathing kamacite was produced.
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roilite is both immiscible in molten Ni-Fe and of lower density
t]l 1Ni-Fe. Hence, if FeS and Ni-Fe were slowly cooled from a melt,
tl FeS, or troilite, should completely segregate from the Ni-Fe
phase and exist as a liquid above the solidified Ni-Fe phase. The
abundance of plessite and the narrow kamacitic lamellae are inter-
preted to indicate a rather rapid cooling or perhaps a sudden relief of
pressure.

Although the"mechanism of producing a meteorite containing about
50 percent troilite dispersed in a network of Ni-Fe alloy is not under-
st d, the process should be no more complicated than that which
produces a pallasite. If an acquiescent body of molten material
with the composition of a pallasite slowly cooled, olivine would
solidify before the Ni-Fe. As the density of olivine is lower than
that of Ni-Fe, it should completely separate itself from the metal if
the cooling takes place slowly in an appreciable field of gravity.
Due to surface cohesion, the olivine might carry up some metal, but
surely not enough to account for the Ni-Fe in pallasites.

Apparently such a simple condition did not exist in the case of the
Soroti. Thus, it is pertinent to speculate about the conditions that
did exist and those which seem to be consistent with the structures
and mineral assemblages found in pallasites and in meteorites like the
Soroti. Pallasites probably cooled from a magna, with the olivine
st lifying first. Regardless of its lower density, the olivine in
p asites is mixed with Ni-Fe alloy, indicating either that the body in
which the pallasites formed was small or that there were no appreciable
gravitational forces. Pallasites or meteorites like the Soroti iron
could, however, be made in a large body if the process took place near
the center, because there the gravitional forces would be neglibile.

Troilite in the Soroti meteorite is analogous to the olivine in pal-
lasties, and for this reason the comparison of the occurrence of olivine
and troilite in meteorities should be pursued further. Olivine is much
more abundant than troilite in stony meteorites, but less so in iron
meteorites. Occasionally olivine occurs in an iron meteorite which is
not a pallasite, but such an iron could originate adjacent to a pallasitic
a regrate.

Abundance of Troilite in Meteorites

Troilite is relatively abundant in meteorites. According to Daly
(1943), the chondrites contain about 5 percent FeS and the achondrites
about 1.5 percent. According to these figures troilite is 4 times more
abundant in chrondrites and 12 times more abundant in achondrites
than it is in metallic meteorites. However, the sections of meteorites
in museum collections and the pictures of sections in published descrip-
tions do not support Daly’s figures.
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The measurements reported in table 22 were made on the same
meteorite that the chemist analyzed but not on the same sample.

Troilite (stoichiometric FeS) with NiAs crystal structure is ex-
clusively a meteoritic mineral, with the one exception of the Del

rte, Calif., occurrence. According to Eakle (1922), the California
troilite occurs in a serpentine in an old copper mine. Apparently
no specimens were found with the troilite in the matrix. We are not
challenging the terrestrial origin of the California troilite, but it is
important to keep its uniqueness in mind. If the theory proposed
in the following pages for the disintegration of a meteorite made of
about 50 percent troilite and 50 percent Ni-Fe is correct, possibly
meteoritic troilite is scattered over the earth; however, the chances
of finding such specimens would be very slim indeed.

Meteorites Like the Soroti Are Likely To Be Consumed in Flight

All meteorites are fragments of some large cosmic body. It would
be impossible for a meteorite such as the Soroti to be broken from its
parent mass without acquiring a rough and hackly surface, with
projecting veins of metal extending slightly beyond the troilite. Also,
the troilite occurring all over the surface and perhaps that occurring
slightly below the surface would be fractured, as troilite is brittle
at normal temperatures. In the Soroti, such troilite probably was
brittle at the temperature existing when the original body broke up.
(Gunard Kullerud, of the Geophysical Laboratory, reports in personal
communications that FeS made at 550° C. appeared to be more brittle
than FeS made at 400° C.)

Most meteorites seen in collections have rather evenly rounded
surfaces, but this does not mean that they entered our atmosphere
with a smooth surface. Possibly a prominent external irregularity
on a mass entering the atmosphere is removed during the interval
the meteorite undergoes its maximum deceleration. After the mete-
orites with homogeneous textures become rounded, their dimensions
probably decrease only slightly during the remainder of their flight.

A surface made up of either troilite or olivine held in a network of
metal will not become smooth because of stresses and strains. The
mechanical forces applied to such a surface supplements the loss of
material by normal thermal ablation; hence the vapor trails from such
meteorites should be more pronounced and enduring than those from
homogeneous meteorites.

The most violent reactions occur on the forward face of a falling
meteorite. Enough energy was released in the collision of the air
molecules with the Soroti meteorite to vaporize both the Ni-Fe alloy
and the troilite. Many irons show that heat-softened metal flowed
over their surfaces. Troilite, which has a lower melting point than
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the Ni-Fe alloy and is brittle, was either burned away or mechanically
lost at a faster rate than the Ni-Fe alloy. Thus an aggregrate of
minerals like the Soroti, in which small veins of metal protrude from
the surface, loses more material from its surface than the average
meteorite. Furthermore, the reduction possibly continues through
more of the flight than in the case of a homogenous meteorite.

After the velocity of the Soroti meteorite was decelerated to a point
where the temperature on its front face was not high enough to heat
the sides, possibly physical action continued to disintegrate the
brittle troilite. A spine of Ni-Fe alloy extending beyond the surface
might, by means of the atmospheric drag, be bent backward. If this
happened, the spine of Ni-Fe would fracture the sulfide against which
it is pressed, with a simultaneous breaking of the bond between the
metal and the troilite on the forward side of the metallic spine.

Such a falling meteorite may undergo major changes in its form
during flight, and, if so, it probably would not hold a fixed position.
If such a body tumbles during its high-velocity flight, fractures would
be produced and widened between the metal and the troilite over all
surfaces. Such violent action may shatter more of the troilite and
cause the loose pieces to fall out. As the troilite is lost, more rough
metal surfaces would become exposed, and these, in turn, would be
subjected to the shearing-off process.

Thus, the stresses and strains applied to these meteorites with
hackly surfaces, such as those of the Soroti type and the pallasites,
cause material to be lost as long as the mass is moving with a velocity
high enough to cause bending of the metallic veins. Troilite, because
of its low melting point, should react to the temperatures on the front
of such a meteorite after the other minerals have ceased to react. In
addition, the FeS and Ni-Fe portions have different thermal conduc-
tivities and coefficients of expansion. Therefore, both thermal and
mechanical stresses are operating simulteneously on the surface of such
a meteorite during its fall,

Summary

This meteorite fell Sept. 17, 1945, at 1.10 (probably p. m.) near
Soroti, Uganda, Africa. Four pieces were recovered, together weighing
2,060 grams. The composition and metallography of the meteorite
are given. The abundance of sulfur in iron meteorites is discussed,
and a probable reason is given for the variety of such meteorites as the
Soroti iron. This iron represents a new type of meteorite, analogous
to the pallasites, with troilite taking the place of olivine. The name
sorotiite is proposed for this type.
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The Keen Mountain, Virginia, Meteorite
Prares 20-22

A 14.75-pound iron meteorite, a new hexahedrite, was found in 1950
by Fred Matney at approximately 30 feet from the crest of the south
face of Keen Mountain, Buchannon County, Virginia, near the head
waters of Pigeon Branch. The coordinates of the point of discovery
are lat. 37°13’ N., long. 82°0’ W.

Mzr. Matney observed this dark object along a path he frequently
used. It attracted his attention because it was noticeably different
from the other rocks. When he discovered it was metallic he cut off a
small piece and sent it to the U. S. Geological Survey, Washington,
D. C. Dr. Charles Milton, of the Survey, suspected it was a meteorite
and referred the correspondence to the U. S. National Museum.,

When Mr. Matney learned that his specimen was a meteorite and
that the National Museum was interested in it, he offered to bring it
to Washington on his next trip north or hold it until someone from the
Museum would visit him. Gordon Davis of the Geophysical Labora-
tory, Washington, D. C., was in the Museum shortly after this speci-
men was identified, and, since he was going to Buchannon County,
Virginia, he offered to negotiate with Mr. Matney for the meteorite.

When Mr. Davis delivered the iron to Washington, Stuart H. Perry
bought it and presented it to the National Museum.

Description

The Keen Mountain meteorite probably fell recently, although the
fall was not witnessed. On its surface there are sizable patches of
unaltered black fusion crust that contain flight markings. In a few
places the silver color of the Ni-iron alloy can be seen through the
fusion crust. However, on the surface of this iron, patches of loosely
attached oxide as well as some small corrosion pits occur. The
meteorite, according to Mr, Davis, was found at a place where it would
be wet by ground seepage for about four months of each year. Proba-
bly no iron meteorite would remain fresh in such an environment very
long. Although it is impossible to establish the year it fell, we suspect
its weathered surface could develop within five or ten years if it was
wet as much of the time Mr. Davis estimates. Thus, the Keen
Mountain iron possibly fell between 1940 and 1950.

Apparently this fall attracted no local attention. Mr. Matney, who
lived close to where the meteorite was found, did not associate it with
any meteor display. Finding this iron near the top of the southern
slope of Keen Mountain indicates that it did not come from a northerly
direction.
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A slice 2.5 millimeters thick was cut for study (plate 21, bottom)
and three areas were selected for density determinations. We assumed
that the area with the highest density was the purest kamacite, so this
portion was analyzed.

T aBLE 23.— Densily measurements of three areas from one slice of the Keen Mountain
meleorite before and after the oxide was removed

Density of piece as  Density of piece afier

Area il was removed ozxide was removed
1 7.766 7. 907
2 7. 908 7. 908
3 7. 859 7. 895
Composition

All but a small proportion of area 2 (table 23) disselved in dilute
HCI1. The insoluble part was filtered off, weighed, and found to have
the crystal habit of rhabdite. A partial analysis of this residue is
shown in table 24. The rhabdite in this section of the Keen Mountain
iron makes up 0.98 percent by weight.

The nickel content of the rhabdite was determined. We obtained
phosphorus by calculation, because rhabdite has a fixed phosphorus
content.

TaABLE 24.—Analysis of the acid soluble part of the Keen Mountain meleorite, a
partial analysis of the reside, and a calculated composile analysis of the meteorite

€3] 2) 3)

Portion that Composile

dissolved in Partial analysis analysis of

HCl of rhabdile the meteorile
Fe s 92. 92 = 46. 80 93. 38
Ni 5. 28, 5. 27 37.7 5. 65
Co 0.72 b 0. 50 0.73
P 0.04 b 15, 00 0.19
S none none none
C 0. 06 — 0. 06
100. 00 100. 00 100. 00

. Fe
Molecular ratio NH_CO——16.46

s By difference.
b See discussion (p. 397).

The composition of the meteorite may be estimated by combining
the analyses in columns 1 and 2 of table 24. The cobalt content in
several rhabdite analyses averaged about 0.50 percent; therefore,
that value was assumed to be present. The iron in each case was
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obtained by difference. Chemically the composite analysis is similar
to other hexahedrites.

Both the Cincinnati (pl. 10) and the Keen Mountain (pl. 22)
meteorites have eutectic structures; also, some phosphorus in both
irons dissolved in acid. Possibly the process that produced these
eutectic structures had something to do with the making of the
phosphides soluble. Certainly the phosphorus in both meteorites
originally was either in a rhabdite or schreibersite body and was
insoluble in dilute hydrochloric acid. In the analyzed specimen of
the Keen Mountain iron, 25 percent of all the phosphorus dissolved
in dilute acid.

All the insoluble residue, which consisted of rhabdite needles, was
used in a nickel determination. Unfortunately, there was not enough
material for a complete analysis. The rhabdite in the Keen Mountain
tron contains about 37 percent nickel.

The sulfur content was determined by estimating the volume of
troilite in the slices shown in plate 21 (bottom). The volume per-
centages (3.49 and 4.25, obtained by two different methods) were
averaged, and 3.91 percent is reported for the troilite content of this
meteorite.

Since only a few slices have been removed from this meteorite, we
do not know whether they represent an average for this iron. More
sulfur than phosphorus is present in the slices thus far removed.
However, there may be more phosphorus in the Keen Mountain iron
than sulfur because the phosphides are uniformly dispersed through
the metal while sulfur oceurs as localized troilite.

Hexahedrites as well as all iron meteorites probably contain much
more sulfur and phosphorus than their analyses indicate. Possibly
the error in the abundance of sulfur is greater than the error in the
abundance of phosphorus.

Metallography

The zone of granulated metal immediately underlying the crust
(pl. 21) usually is assumed to represent the penetration of heat into
the meteorite during its flight. It is important to establish where the
greatest thermal penetration occurs on oriented meteorites. Nininger
(1940) said that it was unreasonable to expect the front face of
oriented meteorites to show the deepest penetration of heat because
the maximum ablation occurs on the front of a falling meteorite.

Two sections cut through the Keen Mountain meteorite (pl. 21)
show a zone of granulation around the edges of the cuts. The thick-
ness of the zone is not uniform in both slices. The slice with the
widest zone of granulated metal was removed where section AA’
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crosses the specimen (pl. 20, top). The place where the granulation
is the widest corresponds to the lower edge of what we believe was
the front face. Our opinion about the orientation of this specimen
was based on the shape of the meteorite and on the flight markings.

The Bruno, Canada, iron (Nininger, 1936) is another example of
thermal alteration within a hexahedrite. Unfortunately, the illus-
tration Nininger used did not show the magnification; therefore, it gives
one the impresgion that the heated zone around this iron is unusually
thick. On a recent visit to the American Meteorite Museum in
Sedona, Ariz., we examined the iron and found that the pictures
Nininger published in both 1936 and 1952 were enlarged nearly three
times. Thus the thermal penetration into the Bruno iron is about
the same as occurs in the Keen Mountain specimen.

The Neumann lines in plate 21 (top) are curved, but this is not the
first time such Neumann lines have been observed. Such lines in-
dicate some deformation after the Neumann lines formed because
originally they were straight.

Some normal rhabdite occurs in the kamacite in this meteorite but
two unusual habits for rhabdite are shown in plate 22 (top). Both
rhabdites are made up of fragmented particles. One consists of a
localized path of similarly orientated particles separated by a narrow
channel of kamacite. The other phosphide inclusion is an elongated
wavy-body, but in place of being a continuous unit it consists of a
series of broken segments.

When these phosphides formed they possibly were no different from
the normal phosphides seen in most meteorites. We think these
unusual habits indicate a thermal reaction: the matrix was heated
high enough for the phosphide particles to react with the surrounding
alloy. Since these peculiar phosphide inclusions occur close to the
surface, they may have been made during the flight of the iron through
the atmosphere. This and other evidence indicates that a study of the
phosphide inclusions within meteorites may provide an excellent means
of determining the thermal penetration into iron meteorites.

The manner in which the rhabdite was obtained for the analysis
precluded it from being anything but an average of the phosphide
particles in this meteorite. The Keen Mountain rhabdite, which con-
tains 37 percent of Ni, falls within the upper limits of the nickel values
for rhabdite. Unfortunately, there are not enough analyses of this
mineral to determine if this rhabdite is unusually rich in nickel.

The rhabdite from the Annaheim, Canada, meteorite (Johnston and
Ellsworth, 1921) had 41.36 percent Ni; and the rhabdite in the Cran-
bourne, Australia, meteorite (Cohen, 1897¢) had 42.16 percent Ni.
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Both of these irons are coarse octahedrites, so there is more nickel
available for the rhabdites to acquire than there is in the Keen
Mountain meteorite.

Plate 21 (top) shows a phosphide body consisting of a cluster of
orientated particles separated by channels of kamacite. Some
structural features, possibly Neumann lines, extend to the border of
these phosphide bodies. Some acicular features existing in the
kamacite may be structures of a rapidly cooled metal. Such cooling
would arrest the solution of the phosphide in the kamacite.

While a high temperature is sustained in the Ni-Fe alloy, nickel may
migrate from the kamacite into the phosphide where it replaces iron
that is returned to the kamacite. All Ni-Fe phase diagrams show that
the solubility of nickel in kamacite decreases as the temperature is
raised. The nickel content of schreibersite varies; thus, as the
temperature is increased, nickel must enter this mineral from the
kamacite because there is no other place for nickel to come from.

The solubility of the phosphide in kamacite apparently increases as
the temperature is raised. To understand the thermal changes
observed in this iron, some knowledge of the temperature-time
relationship for the structures in meteoritic iron is needed.

There are rhabdites in the center of this piece that have a normal
habit. Their presence indicates that reheating took place after the
mass was broken from the body in which it was formed. Although
reheating may have occurred prior to the flight through our atmos-
phere, most likely these changes were made during the flight in our
atmosphere. The thermal changes noted in the Keen Mountain iron
are not as extensive as those described in the Social Circle, Georgia,
meteorite (Henderson and Perry, 1951) or the Murnpeowie, Australia,
meteorite (Spencer, 1935).

Since the diffusion of Ni and Fe is slow, there is a possibility that
the changes noted in the phosphide inclusions in the Keen Mountain
meteorite took place outside our atmosphere. Although almost
everyone will agree that the thermal changes noted around the out-
side of the Keen Mountain iron were made during flight within the
atmosphere, there is a possibility that the zone of metal in which
these thermal changes are preserved is the remains of some more
extensive thermal reaction that took place around the outside of the
mass prior to its entry into our atmosphere.

The increased solubility of the phosphide in the kamacite probably
has more to do with the formation of the jagged boundaries of these
phosphide bodies than the molecular exchanges of Ni and Fe. In
the Cincinnati, Ohio, iron (pl. 10) we found eutectic structures similar
to those in the Keen Mountain iron. We believe the eutectic struc-
tures resulted from the phosphide particles reacting with the kamacite
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when the temperature was raised. The cooling which followed ap-
parently was rapid, and since all the iron that separated as blebs did
not get beyond the limits of the phosphide body, some small blebs
of iron were trapped (pl. 22, bottom).
" All the various structures described in the Keen Mountain meteorite
were observed in a single slice. However, the phosphide inclusions
arranged parallel to the Neumann lines in the center of the slice are
enclosed by a zone of granulated metal around the edge; this means
that the reheating occurred after the Keen Mountain iron was small.
There is no data on the rate heat will penetrate a hexahedrite, and
we do not know the temperature at which the peculiar features noted
in these phosphides will form. Moreover, the zone of granulated
metal around the edges of the section indicates that no sizable pieces
were broken off during the flight of this mass in our atmosphere.
Apparently most students of meteorites think that iron meteorites
fall as single bodies, but it is possible a large hexahedrite could separate
along a cleavage and produce several smaller bodies. A fusion crust
would form over the fragments and perhaps some thermal penetra-
tion would start the moment the larger mass breaks into pieces.
Stony meteorites break during their fall and produce individual
pieces that are covered with fusion crust, so why can’t irons oc-
casionally behave in the same manner?

Summary

A new 14.75-pound hexahedrite from Buchanan County, Virginia,
is described. Chemical analyses of the matrix and the rhabdite
inclusions are given. Certain metallographic features resulting from
the penetration of heat into the meteorite are described.
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