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ART. XXX.-.A S tony M eteo1·ite f1 ·om Coon B utte, .Arizona j 
by J. W . MALLET, University of Virginia. 

I WAS told of the existence of the afaolite described in this 
paper by Mr. D. Moreau Barringer of Philadelphia, who found 
and owns the specimen, and has permitted me to examine and 
describe it. 

Mr. Barringer and Mr. Benjamin C. Tilghman, members of 
the Academy of Natural Sciences of Philadelphia, have for 
some time been engaged in exploration at the locality known 
as Coon Butte in Coconino County, Arizona, whence large 
quantities of meteoric iron-commouly called Canyon Diablo 
iron-have been brought, and t hese gentlemen have recently 
sent a paper to the Philadelphia Academy on the subject of 
this exploration and thei1· conclusions from the results th ey 
have thus far reached. 

Mr. Barringer has sent me the following account of the cir
cumstances under which he himself found the meteorite I 
have examined : 

" On June 24th, 1905, while riding with Mr. S. J. H olsin
ger in a general northwest direction from t he crater to our 
reser voirs in Canyon Diablo gorge, my attention was attracted 
by a rather curiously shaped stone lying on the surface of the 
thin soil which covers the level limestone plain extending fo r 
many miles in every direction in this region. The rather 
sharply pointed protuberance was what particularly attracted 
my observation and made me realize that it could not be a 
water-worn bowlder such as are frequently found in this 
region." " U pon getting off from our horses and examining 
the stone I at once suspected that it might prove to be an aero
lite, and of course became much interested in the discovery. 
The greater portion of it was exposed to view, it being 
imbedded in the loose soil only to about an inch in depth. 
Two of the broken corners, as I remember, wern exposed to 
view, and the fractures exhibited seemed to be quite fresh. 
I infer that these corners were broken off at the time of the 
fall. The locality at which it was found is typical of the 
region, namely a nearly bare or naked plain covered by loose 
soii and dotted here and there with bunches of sage brn~h, 
grease wood, etc. As I remember, the exact spot at which 
the stone was discovered is between a mile and a mile and a 
half di stant from the crater in a general western direction, 
and about ten and a half miles in a southeast direction 
from Canyon Diablo station." "\Ve made a thorough search 
for the fragments which had been broken off from this stone, 
but failed to ffod them. I infer that the stone struck the ear th 
at some distance from the spot where it was found, and 
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rebounded to th is spot by reason of the force with which it 
struck." 

.Mr. Barringer thinks it highly probable that this aeroli te 
was 1:;een to fall about a year and a half before he found it, and 
has sent me the following statement of facts in support of 
this opinion. 

"About the middle of J anuary, 1904-on the 15th of the 
month, as nearly as the date can now be fixed-while two of 
our employees at Coon Butte were watching the camp (we had 
suspended operations during the winter), they were awakened, 
so they told us, by a loud hissing noise and looking northward 
saw that the heavens were brilliantly li$"hted, and while rush
ing out of their tent saw a meteor fail somewhere west or 
northwest of the butte between them and the railroad. vVe 
paid no special attention to the story, and supposed that 
:,lthough they might have een a meteor fall, it had come to 
the ea1·tli, if it came to tlie earth at all, many miles distant. 
However on the same evening and at the same moment, a few • 
minutes before nine o'clock, the hour being fixed by the tniin 
sched ule, Dr. A . R oun ,·ille and Dr. G. F . . Manning were trav
elling together from ,Yilliam., A rizona, to Oanyon Dial,lo 
stat ion, Dr. Rounsvil le sitting next to the window on the south 
side of the car, and just beforn the train stopped they saw 
a b rilliant light outside of tho train , virhich Dr. Rounsville 
described just as our men did-i. e. as being lighter than day
liglit. H e could see tho mountains twenty miles away, and 
di stinctly every hrub and rock for hundreds of yards from the 
trnin . As he exclaimed to Dr. Manning, who occupied th e 
same seat, co11 ceming this light, he caught a glimpse of a fire-
ball dropping to the horizon in the direction of Coon Butte. 
The light and the fil"eball were both seen by Dr. Manning also. 
It seems from the coincidence of time almost certain that this 
was th e same meteor as that seen by our employees at Coon 
Butte, the observers being about twelve miles apart. I t was 
very near a spot at the in te rsection of the two lines of sight, 
the direction of which they of course could not determine with 
exactnes , that I found the stony meteorite."* 

The specimen as received by me was pyriform, with a 
roughly triangular cross-section, bounded by two approxi
mately flat surfaces (one larger than the other) inclined at 
about 60° or 65° to each other and united by a th ird, irregu
larly curved convex urface. It was a good deal larger at one 
end than at the other . The general surface wa smooth, but 
indented at places with tbe characteristic shallow pittings, like 
thumb prints on a lump of sculptor's rnodel1iug clay, which 

*Further correspondence, sent me by Mr. Barringer, shows that there is 
some doubt as to the elate, but the preponderance of evidence is in favor of 
its having b een the sctme in respect to b oth sets of observers. 
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are seen on so many meteorites. One, presumably rather large, 
piece had been broken off from the smaller end, and two other, 
much smaller, fractures appeared at and near the larger, end. 
Measuring the mass a it lay on the larger approximately flat 
face, the maximnm leng th was about 14-5cm, maximum 
width about 11·8°111 and maximum thickness about 8·9°111

• 

l<'ig . 1 is a reproduction of a photograph showing the cren
eral appearance. The weight of t he specimen as it reacl1ed 

1 

me was 2789 grams. There is an external oxidized crust, 
generally of dark, blackish brnwn color, with patcl1es of redder 
brnwn-for the most part ,ery thi11 , not exceeding ·5""11 iu 
thickne s ; at some points the oxidized material runs in to a 
depth of 7 or smrn. A surface of fracture shows a gray mass of 
(11ot very well defin ed) chondri tic and brecciated structure, 
with numerous little spots of iron-stained yellowish brown 
color, including lustrous points of metallic il'on-the general 
appearance like that of tl1 e Pnltusk meteorites of J an. 30, 186 
(but without the glo sy black crust of these stones). There 
is a still closer resemblance, hoth of crust and fractured sm·
face, to the meteorites from Ne s Co., Kansas. From the gen
eral appearance of the surface of fracture I am inclined to class 
thi specimen as Brezina's breccialike g ray chondrite, 0gb. 
The pecific gravity of the whole ma taken by suspension in 
water at 15° 0 . was found to he 3·-:1:71, which is sensibly less 
than tl1 e results of calculation from the constitn ent materials 
as fou nd by analysis, indi cating some lack of compactn ess in 
stmcture. 

Dr. George P . Merrill , H ead Curator of Geology at th e 
U. S. Jational Museum, who has given much attention to the 
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petr0graphic study of meteorites, very kindly und ertook to 
have thin sections made of some fragments I sent him, to 
examine these und er t he micro cope, and to secure photo-micro
graphs of some of them. The notes with which he bas 
favored me are a follo,rs, and in fig . 2, 3 and 4 the accom
panying pboto-micrographs are re prod need. 

2 

Section show ing ·tructure. Tbe black a reas are nickel-iron and metallic 
sulphides; the light areas are olivine and enstatite. 

"Aside from its metallic co nstituents, the stone com:ists 
mainly of enstatite and olivine. The enstatite, which is 
la rgely in excess, occu rs in granular fo rms, without distinct 
crystal outlines and also in cl1 ondrnles of the usual fan-shaped 
radiating and granula1· trnctures (figs . 2 and 4). In the 
larger forms of the single crystal a cond ition of molecnlar 
strain is manife ted by the mann er in which, between crossed 
nicols, the dark wave sweep over th e surface. Such a condi
tion, it may be stated, is not uncommon in stony meteorites, 
through its fu ll significance seems not to have been realized . 

The oli vine lilrnwise occur in gran ular form and in that of 
chond rules with t he characteristic barred 0 1· grate-like and, 
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more rarely, porphyritic, tructure . Except where stained 
by a recent oxidation of the fenuginous constituent , both 
minerals are colorless or but sligh tly gray. 

In addition to the mineral above described is a compl etely 
colorless isotropic substance occurring, as a rnle, with no crystal 
outlines, but rather filling interspaces as wonld an interstitial 
glass. It is sometimes quite free from enclosures or, again, 
includes numerous silicate g ranule and opaque metallic par
ticles. Rarely does it show anyth ing suggestive of cleavage 

ll 
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lines, the min eral is similar in all respects, as fa r as appearance 
goes, to the maskelynite of the Sliergotty (India) meteorite, 
and such I shall have to as um e it to be. It is altogether too 
small in amount to permit a atisfactory chemical determina
tion, though with more material a micro-chemical test might 
be made which would go a long way towards settling the prob
lem . 

The chondrit ic strnctme of the stone is not strongly marked, 
and the individnal chondrule are themselv s almost invariably 
of a fragmental nature. The one shown in fig. 4 is the most 
perfect ex hibited in any of the ]ides. The trnctnre, as a 
whole, is not unlike that of the Ness County, Kansas, stone, 
and hence, if we follow Brezina, would be placed in the group 
of intermediate chondrites, brecciated (Oib). As, however, I 
have examined this stone only in thin sections, none of which 
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include an area of above 10111 m square, it is possible that fur
ther study might relegate it to the 0gb group, of whi ch the 
Pultusk stone is a well known representative. 

For the photo-micrographic illustrations accompanying these 
notes I am indebted to the U . S. Geological Survey." 

The chemical analysis was found to be somewhat trouble
ome, particularly in regard to the distribution of the iron pres

ent in several different chemical conditions. The greater 
part of th e metallic nickel-iron, accompanied by some schrei-

4 

Section showing enstatite chonclru!e. 

bersite and pyrrhotite, was separated from a pulverized sample 
of about fif ty grams, free from crust, by means of a magnet, 
hnt it was not possible to obtain complete eparation in this 
way, so that a small proportion of silicates had to be deducted 
from the magnetically separated part, and a small proportion 
of the constituents of the nickel-iron, schreibersite and pyrrh
otite to be in like manner deducted from the siliceous part of 
the mass dissolved by acid. The part left by the magnet was 
digested with hydrochloric acid of 15 per cent strength for 
three days at a moderate heat, and thus a general separation of the 
decomposable from the undecomposable silicates was effected, 
but several determinations of particular constituents had to be 
made on indi vidual portions. H ydrofluoric acid was used to 
obtain the alkalies, and the same reagent, with exclusion of 
air, to secure a determination of ferrous iron. 

The following statement gives the general results reached, 
with an appe11ded account of how they were obtained. 
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Enstatite __ ___ ____ .. _ . .. _ .. _. 
Olivine .......... . ______ __ .. 
Maskelynite (?) ___ _ .... __ ___ _ 
Nickel-Iron . _ .. __ __ __ __ .. _. __ 
Iron rust . __ . . . _ . .. _ . ___ . . __ _ 
Sch reibersite . _ . . __ . .... . __ . _ 
P yrrhotite __ ..... .. ___ . __ _ . . _ 
Chromite. __ _ . _. _ . ___ . _ ... __ . 

44 -73 
33·48 

6 ·87 
8 ·63 
3·03 

·76 
2·14 

·08 

The minute amount of chromite was recornl'ed from the 
silica of the portion undisso1ved by hydrochloric acid. Thel'e 
being but a few rnilligl'am s, no attempt was mad e at any 
analysis of it beyond fully establishing the presence of chro
mrnrn. 

PyIThotite \Yas calculated from t!te amount of sulphnl' fo und, 
assuming the ratio S : Fe = 39 : tll . The sulphide was tn,ken 
as pyrl'hotite, rather than troilite, as the formel' is believed to 
occnr more commonly in meteoric tones, the latte!' in meteoric 
il'on. It may of coul'se be troilite, and it may perhaps contain 
a little nickel. 

Schreibersite was calcnlated from tbe amount of phospltorn 
found (partly in the maguetica11y separated portion, partly in 
the residue left b_y the magnet) on the assumption of the ratio, 
P : F e : N i = 15 : 56 : 29. 

Iron rust was calculated from the amount of iron fo und in 
the fe ITic state and the amount of watel' driven off by heating 
and collected, assuming the composition to be that of most 
orclinal'_y rust, namely, Fe2O2(I-IO)2 • 

The nickel-irun was obtained by analysis of the magnetically 
co11ected porti on, deducting mechanically adhel'ing silicate 
and small amounts of sulphur n,nd phosphorus found in this 
portion, and adding a small amount of nickel fo und in the por
tion left by the magnet (in excess of that accounted fo r as 
phosphide in schreibersite) and a quantity of iron from the 
same portion equi valent to t he metallic copper thrown clown 
from a solution of cupric sulphate. 

The percentage composition of the nickel-iron, as thus 
obtained, is 

F e _________ __ _ ___ _ ... _ . .. . . 88.8 1 
Ni ____ _______ ___ _______ ___ __ 10 -72 

Co . __ ... _. __ ... _ ... __ .. __ . _ · 15 
Cu _ _ ______ . __ . ____ . __ . _ . _ _ trace 
Sn ______ .. ______ __ . . _ .. __ .. _ _ ·O L 
Mn ______ .. .. ___ . __ . ____ . __ . trace 
C ___ .. __ . . _ . __ _ . __ . . ____ . _ _ _ trace 

99"69 
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I was interested in again finding in iron of meteoric origin 
minute amounts of both copper and tin, having in form er 
years identified both these metals as constituents of the 
Augusta Co., V a., and Wichita Co., Texas, meteoric irons. In 
the case of the Coon Butte meteoric stone none of the granules of 
nickel-iron exceeded ·5 or ·6"11

" in diameter. 
The feldspathic mineral supposed to be rn askelynite was cal

culated from the alumina found, assuming (on the basis of 
Tscherrnak's analyses) that this forms 25 per cent of the min
eral so named, assii ning to this (on the same basis) silica in 
the ratio A l20 , : Siu2 = 25 : 55, and adding lime and the oxide~ 
of the alkaline metals as actnally found. Lithium was tested 
for, but could not be detected. With these assumptions the 
percentage compos ition of the mineral in question is 

Si0
2 

___ _ • _ _ • _ _ _ _ - - - · ____ _ __ _ 

Al,O, · --- ___ ___ ___ _____ ___ _ _ 
CaO _ _ _ _ _ _ _ _ _ _ _ . __ . ___ ___ _ _ 
N a2 0 ____ . - - - . . - - - - - - - - - - - - -
K,O __ __ -- - --- - -- - - - ____ ___ _ 

55.oo l 
25 .00 I assumed 
14· 17 

5 ·93 
l ·72 

10 1 82 

As most of these constituents were found partly in the por
tion soluble and partly (to a larger extent) in that insoluble in 
hydrochloric acid, it is probable that the feldspathic mineral is 
attacked, though not readily, by that acid. But it is of course 
quite po sible that so1ue of these constituents may belong to 
the other silicates present. The supposition of Tschermak 
that maskelynite is simply a feldspar that has cooled from fn sion 
in an amorphous state seems quite reasonable and likely . 

Olivine was calculated from the remaining constituents of 
the portion left by t he magnet and decomposed by hydro
chloric acid, after deduction of the small quantities of iron, nickel 
aud other minor constituents already disposed of as above, and 
also those of the maskelynite (1) to t he extent indicated by th e 
alumina, etc., found in this portion decomposed by hydrochloric 
acid. Thus calculated, the olivine gives the following per
centage figures-

SiO. ___ ______ _______ __ ___ __ _ 
Ti0

2 
____ _ ___________ __ _____ _ 

1\'lgO _ - _ - - - - - - - - - - - - - - - - - - - -
F eO ___ _ . __ - - - - - -- - - - - - - - - - -

* More exactly ·006. 

42•2!) 
-0 1 * 

42·44 
13 ·5 7 

98·31 
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This hows an excess of silica over that required for the 
ortl, osili cate of between 4 and 5 per cent, suggesting the pos
sibility of a little free silica being present, perhap as the 
asmanite (tridymite) of Ma kelyne. That form of silica, it is 
stated, is solnble in a boiling solu tion of sodium carbonate in 
water , and as nch a solution wa n ed to take np the silica set 
free by th~ action of hyd rochl oric acid , it would be found and 
co unted in with that of the li,·ine. 

Enstatite was calculated from the resnlts of analysis of the 
portion left by the mag n t and not decompo eel by hyd1:o
chloric acid, cled ucting the minute q nautity of chromite and such 
of the constituents of the o-called maskelynite a occurred in 
tl,is portion. The fi g 111·es so obtain ed give the following per
centage compo. ition fo 1· the enstatite-

SiO, ____ ___ ___ ___ ______ _____ 53 ·87 
.M.gO ___ ___ ______ . _ _ _ _ _ _ _ _ _ _ _ 26·55 
FcO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18·35 

98•7i 

bowing a very fair accordance with the results of calculation 
fron, tl1c fo rnrnla of the minen1.l. 

University of Virginia , 
Feb. 3, 1006. 
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