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PREFACE

Three reasons may be assigned for ascribing peculiar
interest to the study of meteorites:

First. They are our only tangible sources of knowledge
regarding the universe beyond us.

Second. They are portions of extra-terrestrial bodies.

Third. They are a part of the economy of Nature. No
survey of Nature can be considered complete which does not
include an account of them.

For these and other reasons the writer has long experi-
enced a fascination and delight in the study of these bodies.
In seeking works for his guidance, however, he has found a
lamentable lack of any which treated the subject comprehen-
sively. While some phases of the subject and the character-
istics of many individual falls have been investigated with
admirable thoroughness, the subject as a whole has not
received extensive treatment. The admirable Meteoriten-
kunde of Cohen would have left little to be desired had its
author been permitted to carry out his broadly conceived
plan, but this privilege was unfortunately denied him.
Meunier’s Météorites has not been revised in recent years
and Fletcher’s Introduction, while a model of its kind, is
limited in its scope. That the present writer has been
greatly assisted by the above works and many others in
the preparation of this one needs hardly to be stated.
Detailed references to these works, however, were deemed
to be impracticable except where it was thought that a
fuller treatment of certain subjects might be desired by
some readers. In such cases references have been given.

Much assistance in the preparation of illustrations for
this work was given the writer by the late Prof. Henry A.
Ward. Mr. D. M. Barringer generously furnished photo-
graphs of Meteor Crater, Arizona, and the writer is indebted
to the Journal of Geology through its editor, Prof. T. C.
Chamberlin, for the loan of several cuts.
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METEORITES

CHAPTER I
GENERAL CHARACTERS AND NOMENCLATURE

Meteorites are solid bodies which come to the earth from
space. Their dimensions range from microscopic to many
cubic feet. Their fall to the earth is usually marked by
peculiar phenomena of sound and light. The masses
observed to fall are for the most part of a stony nature,
granular, of a grayish color, and covered with a thin, black
crust. As a rule, they contain particles of metal scattered
through their substance. In the material of some falls
the metal more largely predominates and still others are
made up wholly of metal. The nature of this metal is
essentially similar in all meteorites, being iron alloyed with
from five to twenty-five per cent of nickel.

According to their prevailing substance meteorites may
be divided into the two classes of stone and iron meteorites.
It is convenient also at times to distinguish an intermediate
class which may be designated as iron-stone meteorites.

Most stone meteorites, as has been said, have the appear-
ance of a grayish mass covered with a black, more or less
shining crust. Occasionally "the mass of the stone may
be so dark as to be practically black or it may be brownish.
Again it may be nearly white. Further, the crust does not
always differ in color from the interior, especially in the case
of brown or black meteorites. Scattered metallic grains
usually characterize the.substance of stone meteorites.
The coherence of the stone meteorites is usually such that
they do not break easily under the blow of a hammer and
they take a fair polish.. Some can, however, be crumbled
in the fingers.

The iron-stone meteorites differ chiefly from the stone
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2 s it METEORITES

metecrites in. their abundance in metal. Instead of occur-
ring as minute, scattered grains forming but a small per-
centage of the mass of the meteorite, the metal makes up
about half the mass and is often continuous. Single nodules
of the metal may reach a diameter of one inch or more.
Further, the metal may be so abundant as to form a matrix
of a sponge-like character in the pores of which silicates are
held. Thus by gradation the iron-stone meteorites pass to
meteorites made up entirely of metal or iron meteorites.

The metal of the iron meteorites is, when fresh, of a
silver-white to grayish-white color and usually malleable.
It 1s made up, as has been said, chiefly of iron alloyed with
from five to twenty-five per cent of nickel. When found
immediately upon falling, meteorites of this composition
usually exhibit a blackish or bluish crust through which the
silvery appearing interior gleams here and there, but any
continued exposure usually causes the entire surface of such
meteorites to become of a rusty-brown color.

No single criterion can be given for distinguishing mete-
orites from masses of terrestrial origin. Only by combining
several features can the positive determination of a meteorite
be made. A pitted and fused surface 1s an important char-
acter of meteorites, yet on the one hand this may not be
present and the body be meteoric, and on the other hand
very similar pittings, though not often produced by fusion,
may be observed on terrestrial rocks. The presence of
metallic grains is generally a distinctive feature of stone
meteorites, but these grains are lacking in some meteorites,
and a somewhat similar appearance through the presence
of scattered grains of pyrite or other mineral of metallic
luster, may be seen in terrestrial rocks. The true chondritic
structure when observed under the microscope may be
considered a decisive mark of a meteorite, yet a few mete-
orites do not have this structure.

So far as the iron meteorites are concerned the presence of
nickel is essential. No iron meteorites are known without
nickel. Yet this alone does not prove meteoric origin since
terrestrial nickel-irons are known. Terrestrial nickel-irons,
however, have a percentage of nickel either lower (3 per
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cent) or higher (35 per cent) than that of meteorites, so that
a percentage of nickel between 8 per cent and 20 per cent is
a pretty sure indication of meteoric origin. The exhibition
of octahedral figures on etching is a character confined to iron
meteorites, yet a metallic mass may be a meteorite and not
give these figures. A pitted surface is characteristic of iron
as well as of stone meteorites, but this may be destroyed by
weathering; so that its absence i1s not a sure indication of
terrestrial origin. To recapitulate: Stone meteorites usually
show a pitted and fused surface, differing in color from the
interior and the interior usually contains scattered metallic
grains. Iron meteorites always contain nickel, usually ex-
hibit a pitted surface, and frequently show octahedral bands
on an etched surface. A convenient test for nickel in a mass
whose meteoric origin is suspected may be made by dissolv-
ing a fragment of the substance to be tested in nitric acid,
adding ammonia till the acid 1s neutralized, boiling, add-
ing a little more ammonia to make sure that all the iron
has been precipitated and filtering off this precipitate (ferric
hydroxide). If the filtrate shows a bluish tinge the presence
of nickel is indicated, but as small amounts of nickel might
not be indicated in this way a few drops of yellow ammonium
sulphide should be added to the cold, clear filtrate. If nickel
1s present, a black precipitate of nickel sulphide will be ob-
tained. In order to test this further, the liquid should be
filtered and the precipitate tested with a borax bead. If
nickel is present a violet bead will be obtained in the oxidiz-
ing flame, changing to reddish brown on cooling. Another
test for nickel in the presence of iron consists of dissolving
the substance to be investigated in hydrochloric acid, boiling
for a moment with a few drops of nitric acid to oxidize the
iron, adding a little citric or tartaric acid to prevent pre-
cipitation of the iron, neutralizing the solution with am-
monia and adding a few drops of a solution of di-methyl
gloxine in alcohol. If nickel 1s present a blood-red color
will be given the solution; if not, no change of color will
occur.

Owing to the characters above described actual observa-
tion of the fall of a meteorite is no longer necessary in order



4 METEORITES

to establish its meteoric origin. In fact, the internal
characters of a meteorite furnish at the present time much
more reliable evidence of its origin than does as a rule the
testimony of human witnesses. Of about seven hundred
meteorites now recognized, only about one-half were actually
seen to fall. It has been more or less customary to designate
meteorites seen to fall as “falls,” while those determined
from internal characters were called “finds.” Since all
true meteorites fell at some time, however, the distinction
seems superfluous. In the present work all meteorites are
referred to as falls, the distinctions of separate falls being
based on separate occurrence in time or place, or both.

As betwesn stone and iron meteorites, it may be remarked
that a far larger number of stone than iron meteorites has
been observed to fall. Of about 350 observed falls only
10 have been of iron meteorites. On the other hand,
among meteorite ‘““finds,” the iron meteorites largely
predominate. This is chiefly for the reason, doubtless, that
the iron meteorites by their relatively great weight, metallic
resonance and internal silvery appearance attract the
attention of the ordinary observer much more quickly than
the stone meteorites. The latter show to the casual ob-
server no striking differences from terrestrial rocks, and are
thus usually overlooked.

In order to facilitate the comparison, collection, and study
of different falls it was long ago found desirable to give each
fall a name. Various methods of choosing such names
have been adopted: First, and most commonly, that of the
province or region where the fall occurred has been used.
Second, the name of the discoverer has been applied. Third,
the meteorite has been named from some peculiarity of its
shape or size. Illustrations of the first class are the names
Mexico, Colorado, Texas, which have been given to meteoric
falls; of the second class, Gibbs, Lea, Pallas, Humboldt;
and of the third class, Signet, Moon, Woman. Of these
methods of naming the fall, that of employing the name
of the place has been found most satisfactory and has come
to be generally adopted, but even this method has passed
through some modifications. When but few meteorites were
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known it was sufficient to designate one as Mexico, another
as Colorado, etc., but after two or more meteorites came to
be known from the same state or country this method of
nomenclature was obviously inadequate. A modification of
this method which gained some adoption was that of giving
successive meteorites from the same state or province serial
numbers, such as Colorado 1, 2, 3, etc., but this was long
since abandoned.

For the most: part, names of persons or descriptive names
that have been applied to meteorites are now also changed
to names which show localities. Thus the Pallas meteorite
1s now known as Krasnojarsk, the Ainsa meteorite as
Tucson, the Lea meteorite as Cleveland, etc.

Some authorities, such as Berwerth* have urged that the
law of priority should govern the naming of meteorites as
it does that of some other objects. This would require,
however, giving a number of meteorites the same name and
destroy in many cases the very great advantage arising from
having the name of a meteorite express the locality of its
fall.

Accordingly at the present time in the naming of a
meteorite the plan is almost universally followed of desig-
nating it by the name of the town or locality of prominence
nearest to which it fell. Thus the name Castine, for in-
stance, 1s used to designate the meteorite which fell at
Castine, Maine, May 20, 1848.

For the science which has for its field the study of mete-
orites, several names have been proposed, but none have
as yet received general adoption. Shepard suggested
‘““astrolithology,” meaning lithology of the stars, but
meteorites are now considered to be quite distinct from the
stars. Maskelyne proposed “aérolitics,” but the term
refers to but a single group of meteorites according to a
distinction made by Maskelyne himself. By using the term
““meteoritics”’ the objection mentioned may be overcome
and this name may in time gain adoption. The science of
meteoritics obviously looks to many other sciences for its

* Verzeichnis der Meteoriten, 1902, Ann. d. K. K. Naturhist. Hof Mus., Wien,
Bd. xviii, pp. 2-3.






CHAPTER II
PHENOMENA OF FALL

The fall of a meceorite is usually accompanied, as has
already been noted, by phenomena of light and sound.
These phenomena may be of a startling and violent char-
acter or scarcely perceptible. Their nature and extent
obviously vary with the distance of the observer from the
place of passage of the meteor or from its place of fall, and
with the time of fall. Occasionally the passage of a meteor
producing meteorites may be observed over an area of
thousands of square miles. Falls occurring during the
daytime may present no visible phenomena of light and
occasionally no sound may be heard, but usually light or
sound is observed. Brief descrlptlons of the phenomena
which have accompanied the fall of meteorites at different
periods and over various parts of the earth’s surface are
given following.

At the fall of Tabory, Perm, Russia (Fig. 1), which took
place at 12:30 P. M., August 30, 1847, a fiery mass appeared
_in a clear sky and fonerad an almost horizontal direction
toward the northeast. It spread sparks in its way which
left a bright, smoky trace after them, and some observers
saw an illuminated stripe remammg after the mass had
passed. The fiery mass remained in view only two or
three seconds. Two or three minutes later, sounds like the
firing of many cannon were heard. In several villages of
the region, black, warm stones weighing from two to twenty
pounds fell to the earth.

At the fall of Mocs, Hungary, which occurred February
3, 1882, at 3:45 P.M., an intensely brilliant meteor was seen
in a cloudless sky, then a rolling noise and violent detona-
tions were heard. At the spot where the light was first
observed, a white, cirrus-like cloud extended in the form of
a white stripe from west to east. About a thousand stones

.
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fell at this time, the largest of which weighed 70 kilos
(154 pounds).

The fall which took place at Sokobanja, Servia, about
2:00 P.M., October 13, 1877, was introduced by two ex-
plosions like salvos of artillery, accompanied by a brilliant
display of light such as attends the bursting of shells. A
dense, black smoke was observed at a considerable altitude,

Fic. 1.— Fall of the Tabory, Russia, meteorite, 12:30 P. M., August 30, 1847.

and this broke up into three columns which gradually
changed to a white smoke. The noise lasted for some time
and resembled the firing of musketry. Soon after the first
sound a number of meteorites fell over an area a mile and a
half in length and a half-mile in breadth. The largest of
these weighed 38 kilos (84 pounds).

At Sauguis, France, at 2:30 A. M., September 7, 1868, a
meteor emitting a pale green light traversed the sky and
broke up, leaving a faint, whitish cloud which lasted for
some time. The disappearance of this cloud was succeeded
by a noise as of thunder, followed by three or four loud
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detonations, which were heard over a wide area. The
inhabitants of Sauguis heard in addition to these noises a
sound like that produced by quenching hot iron in water
and a dull thud. A" stone weighing about 4 pounds was
found to have fallen in the bed of a small stream where it
was broken to fragments.

The fall of Khairpur, India, which took place September
23, 1873, at 5:00 A. M., was mtroduced by the appearance
of a cluster of meteors in the west. Each member of the
cluster is described as having exceeded in brightness a star
of the first magnitude and the meteors left behind them a
train from 3° to 5° in breadth. The first thought of one
observer was that he was gazing at a rocket, but this opinion
was soon dispelled as the object rapidly increased in bright-
ness and came toward him leaving a train behind. The
motion was not rapid but steady and by the time the mass
had come to within about 10° of the meridian, which it
passed south of the zenith, it assumed an exceedingly bril-
liant appearance, the larger fragments, glowing with intense
white light with perhaps a shade of green, taking the lead in
the cluster, surrounded and followed by a great number of
smaller ones, each drawing a train after it which, blending
together, formed a broad belt of a brilliant, fiery red color.
This light illuminated the whole country like an electric
light. The meteor proceeded in this way till it reached a
point nearly due east, paling again as it drew near the hori-
zon and about 20° above the horizon appeared to go out.
The train continued very bright for some time and was
distinctly traceable for three-quarters of an hour after. At
first it changed to a dull red, then, as the morning broke, to a
line of silvery gray clouds that divided into several portions
and floated away on the wind. After the disappearance of
the meteor and while the train still attracted attention,
there was an interval of perfect silence, then a loud report,
followed by a long reverberation that gradually died away
as a roll of distant thunder. A number of stones fell from
this meteor, over an area 16 miles long by 3 miles wide.
The largest stone found weighed about 10 pounds.

The fall which took place at Orvinio, Italy, August 31,
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1872, was ushered in by the appearance of what seemed to
be a large star of a red color traversing the sky in a northerly
ditection. This increased in brilliance as it drew on and
left a white train in 1ts wake. At a certain point it became
brilliantly white and vanished, leaving a luminous cloud
which continued to be visible for a quarter of an hour.
After the lapse of two or three minutes two reports were
_heard, the first like that of a cannon, the second like a series
of from three to six guns fired in rapid succession. A stone
weighing about 7 pounds fell at Orvinio and some fragments
“were thought to have been carried further northward.

The fall at Hessle, Sweden, which occurred January 1,
1869, at 12:20 P. M., was accompanied by a sound resembling
heavy peals of thunder, followed by a rattling noise as of
wagons at a gallop and ending with a sound at first like an
organ tone and later like that of hissing. Many small
stones fell in this shower. One struck ice close to where a
man was fishing and rebounded. He picked it up and
found 1t warm.

Witnesses of the fall of the meteorite of Hraschina
(Agram) in Croatia, May 26, 1751, state that about 6:00
P. M., as the sun was going down, a fiery ball appeared in the
sky, which after dividing into two parts with a report like
the sound of artillery, scattered more so that it appeared
like a fiery chain falling from heaven. After it trailed a
dark smoke which exhibited different colors. Two iron
masses, one weighing 8o pounds and the other 16 pounds,
were found to have fallen in a field. The accompanying
view (Fig. 2) drawn by Haidinger from the accounts of
witnesses represents the large and small masses, and A the
cloud from which they came.

At Lancg, France, a fall which occurred July 23, 1872 at,
5:20 P. M., was first observed as a sudden increase of llght
during full sunshine. A brilliant double meteor of a rose-
orange color was then seen traversing the heavens with
enormous velocity toward the northeast. It separated into
two luminous globes, which are said to have had the appear-
ance of two candle flames proceeding horizontally. These
passed out of sight at a very low elevation, their disappear-
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ance being followed by a sharp sound without echo. The
inhabitants of villages to the north saw a small cloud of
smoke and heard a tremendous explosion so severe that it
caused houses to shake. A large stone weighing 103 pounds
which penetrated the soil to a depth of four feet was found
at Lancé and a smaller one about six miles distant. The
trajectory of this meteorite seems to have been remarkably
flat. Its velocity was calculated to have been 2200 feet
per second.

FiG. 2.— Fall of the Agram, Croatia,.meteorite, about 6:00 p. M., May 26, 1751.
At the left the sun is represented as shining.

The meteor which preceded the fall which took place at
Weston, Connecticut, at 6:30 A. M., December 26, 1807,
was first seen as a globe of fire about one-half the diameter
-of the moon, rising into the sky from the north. The
progress of the meteor is described as not so rapid as that of
ordinary meteors or shooting stars. As the morning was
cloudy the meteor passed in its course behind the clouds
at intervals. The dark clouds nearly obscured it but it
shone through the thinner clouds and in the clear sky it
flashed with a vivid light like that of heat lightning. In the
clear sky a brisk scintillation was also observed about the
body of the meteor, like that of a burning fire-brand carried
against the wind. A conical train of light was also seen to
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attend it, waving, and in length about 10 or 12 diameters of
the body. The meteor disappeared about 15° short of the
zenith. It did not vanish instantaneously but grew fainter
and fainter “as a red-hot cannon ball would do if rapidly
cooled.” The whole period between the first appearance
and the total extinction was estimated as about 30 seconds.
About 30 or 40 seconds after this disappearance, three loud
and distinct reports like those of a small cannon near at
hand were heard. Then followed a rapid succession of
duller reports, running into each other and producing a
continued rumbling like that of a cannon ball rolling over a
floor with a varying intensity of sound. Some observers
compared the sound to that of a wagon running rapidly
down a long and stony hill, and others to a volley of musketry
protracted into what is called a running fire. This sound
died away in the direction from which the meteor came.
Stones fell from this meteor at three different places in the
line of movement over an area about 10 miles long. The
largest and last to fall weighed about 200 pounds. Especial
interest attaches to the circumstances of this fall on account
of the fact that the possibility of such an occurrence was
at that time scarcely believed and the general opinion was
expressed by the President of the United States, Thomas
Jefferson, in the remark that it was easier to believe that
Yankee professors would lie than to believe that stones
would fall from heaven. Subsequent evidence has, however,
left no doubt that the Yankee professors (Profs. Silliman
and Kingsley of Yale), as well as other historians of the
fall, were describing a real occurrence.

The meteorite which fell at Warrenton, Missouri, about
sunrise January 3, 1877, first indicated its coming by a
sound described by some observers as like the whistle of a
locomotive and by others as like the passage of a cannon
ball through the air. To four observers the sound became
louder and louder and a stone struck a tree near them,
breaking off the limbs and coming to the ground with a
crash. The snow was melted and the frozen ground thawed
near where the stone fell, but the pieces though warm were
easily handled. The stone was broken by the fall but
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the fragments aggregated nearly 100 pounds in weight. No
explosion was heard nor were any luminous phenomena
noted.

The meteoritic shower which occurred near New Concord,
Ohio, about 12:30 p. M., May 1, 1860, was introduced by
a strange and terrible report in the heavens, which shook
the houses for many miles about. The first report was
immediately overhead and after an interval of a few
seconds was followed by similar reports with such increasing
rapidity that after reaching the number of twenty-two they
were no longer distinct but became continuous and died
away like distant thunder. Three men working in a field
heard, after the first terrible report, a buzzing noise over-
head and soon observed a large body descend and strike
the earth at a distance of about one hundred yards. This
body proved to be a large stone which buried itself about
two feet beneath the surface and when obtained was quite
warm. The day was cool and the sky covered at the time
with light clouds. At Cambridge, Ohio, eight miles west,
three or four distinct explosions were heard like the ﬁrmg
of heavy cannon, with an interval of a second or two be-
tween each report. This was followed by sounds like the
firing of musketry in quick succession which ended with a
rumbling noise like distant thunder.

The Cabin Creek, Arkansas, meteorite, one of the few
irons and the largest iron ever seen to fall, fell at 3:00 p. M.,
March 27, 1886. It gave the first indication of its approach
to the party who was nearest it, a lady in a house 735 yards
away, by a very loud report which caused ““the dishes in the
closet to rattle and was louder than thunder.” Running
out of the house the lady saw limbs falling from the top of a
tall pine tree, 107 feet high. Three hours later a hole was
found near the tree in which an iron meteorite had buried
itself to the depth of three feet. The ground was warm and
the iron as hot as men could well handle. The loud report
which startled the first mentioned observer was heard as
far as 75 miles away and was there followed by a hissing
sound as if metal had come in contact with water. No
luminous phenomena were reported.
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The fall of the iron meteorite of Mazapil, Mexico, which
occurred about 9 p. M., November 27, 1885, was indicated
to the nearest observer by a loud, sizzling noise as though
something red-hot was being plunged into cold water, and
almost instantly there followed a somewhat loud thud.
The air was at once filled with a phosphorescent light with
small luminous sparks suspended in it. Horses in the
vicinity were much frightened. The luminous air soon
disappeared and there remained on the ground a light such
as is made when a match is rubbed. After the observers
had recovered from their surprise they saw a hole in the
ground and in it a ball of light. They feared this ball would
explode and retired for a time, but returning found in the
hole what looked like a stone which was too hot to handle.
This the next day they found to be an iron weighing about
10 pounds. The hole was about one foot deep.

At the fall of the iron meteorite of Braunau, Bohemia,
which took place July 14, 1847, at 3:45 A. M., the people of
Braunau were wakened from sleep by two violent sounds
like cannon shots followed by a whistling and rushing sound
which lasted several minutes. Those who hastened into
the open air saw to the northwest in a sky in which some
stars were yet visible, a small, black ‘cloud. This cloud
glowed and emitted tongues of light, two of which flashed
to the earth. About the fiery cloud was seen one of ash-
gray color which finally disappeared in the direction in which
the wind was blowmg An iron meteorite welghmg 48
pounds was found in a hole three feet deep, and this six hours
after the fall was so hot as to burn the hands of those who
touched it. About a mile away to the southeast a mass
weighing 35 pounds fell through the roof of a house and near
a bed where three children were sleeping.

At the fall of the Rowton, England, meteorite, Wl’llCh took
place at 3:40 p. M., April 20, 1876, a strange, rumbling noise
was heard, followed almost instantaneously by a startling
explosion resembling a discharge of heavy artillery. About
an hour later a hole was found in the ground and at a depth
of 18 inches in this hole there reposed an iron meteorite
weighing 734 pounds.
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At Quenggouk, India, a meteor burst into view at about
half-past three a.m., December 27, 1857. It was in the
western quarter of the sky. It sped across the sky in an
almost due easterly direction seeming ‘“three times as large
as the full moon’’ and with a blinding brillancy of light.
Far behind its brilliant forward point there trailed a great,

. ,,.e,_r",f.’. __“_4%“;‘;; N
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Fic. 3.— Fall of the Knyahinya, Hungary, meteorite, 5.00 p. M., January 9, 1866.

luminous, variegated nebulous cloud. A terrific explosion
was heard, followed by lesser ones and a protracted rumbling.
Three small stones were found to have struck the ground. -
At the fall of Knyahinya, Hungary (Fig. 3), which. took
place about 5:00 p. M., January 9, 1866, those nearest the
point of fall heard sounds like cannon-shots followed by a
noise like the boiling of water and a long roll. At the same
time a cloud of smoke appeared in the sky from which stones
fell. These observers saw no light, but those at a distance
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of 10 or 12 miles saw a fire ball of the color of white-hot iron
with edges of ultramarine blue. Some saw this divide in
two. About 1000 stones, ranging in size from 2 grams to
300 kilograms, were precipitated over an area about 9 miles
long by 3 miles wide. The stones picked up immediately
after the fall were described as being lukewarm or warm.
The largest stone found penetrated the soil to a depth of
11 feet, entering in an oblique direction. From subsequent
measurements it was calculated that the meteor first ap-
peared at a height of 734 miles and dropped almost directly
downward.

Phenomena of especial impressiveness seem to have at-
tended the fall of Homestead, Iowa, which took place Febru-
ary 12, 1875, about 10 P. M. A meteor was seen moving
north and east and from the first the light of the meteor could
hardly be tolerated by the naked eye turned full upon it.
Several observers who were facing south at the first flash,
say that upon looking full at the meteor i1t appeared to them
round, and almost motionless in the air, and as bright as the
sun. Its light was not steady, but sparkled and quivered
like the exaggerated twinklings of a large fixed star, with
now and then a vivid flash. To these observers, all of
whom stood near the meteor’s line of flight, its size seemed
gradually to increase, also its motion, until it reached a point
almost overhead, or in a direction to the east or west of the
zenith, when it seemed to start suddenly, and dart away on
its course with lightning-like rapidity. The observers who
stood near to the line of the meteor’s flight were quite over-
come with fear, as it seemed to come down upon them with
a rapid increase of size and brilliancy, many of them wishing
for a place of safety but not having time to seek one. In
this fright animals took part, horses shying, rearing, and
plunging to get away, and dogs retreating and barking with
signs of fear. The meteor gave out marked flashes in its
course, one more noticeable than the rest, when it had com-
pleted about two-thirds of its visible flight. All observers
who stood within twelve miles of the meteor’s path say that
from the time they first saw 1t, to its end; the meteor threw
down ““coals” and “sparks.”



PHENOMENA OF FALL 17

Thin clouds of smoke or vapor followed in the track of
the meteor and seemed to overtake it at times, and then
were lost. These clouds or masses of smoke gave evidence
of a rush of air with great velocity into the space behind the
meteoric mass. Ihe vapor would seem to burst out from
the body of the meteor like puffs of steam from the funnel
of a locomotive, or smoke from a cannon’s mouth, and then
as suddenly be drawn into the space behind 1t. The light
of the meteor’s train was principally white, edged with yel-
lowish green throughout the greater part of its length, but
near to the body of the meteor the light had a strong red
tinge. 'The length of the train was variously estimated, but
was, probably, about ¢°, or from seven to twelve miles, as
seen from Iowa City. The light about the head of the
meteor at the forward part of it, was a bright, deep red, with
flashes of green, yellow, and other prismatic colors. The
deep red blended with and shaded off into the colors of the
train at the part following; but the whole head was enclosed
in a pear-shaped mass of vivid white light next to the body
of the meteor, and the red light fringed the white light on
the edges of the figure, and blended with 1t on the side
presented to the eye.

From three to five minutes after the meteor had flashed
out of sight, observers near the south end of its path heard
an intensely loud and crashing explosion that seemed to
come from the point in the sky where they first saw it.

This deafening explosion was mingled with, and followed
by, a rushing, rumbling, and crashing sound that seemed to
follow up the meteor’s path, and at intervals, as 1t rolled
away northward, was varied by the sounds of distinct
explosions, the volume of which was much greater than the
general roar and rattle of the continuous sounds. This
commotion of sounds grew fainter as it continued, until 1t
died away in three to five explosions much fainter than the
rest.

From one and a half to two minutes after the dazzling,
terrifying, and swiftly moving mass of light had extinguished
itself in five sharp flashes, five quickly recurring reports were
heard. The volume of sound was so great that the rever-
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berations seemed to shake the earth to its foundations,
buildings quaked and rattled, and the furniture that they
contained jarred about as if shaken by an earthquake; in
fact, many believed that an earthquake was in progress.
Quickly succeeding, and in fact blended with the explosions,
came hollow bellowings, and rattling sounds, mingled with
a clang, and clash, and roar that rolled slowly southward as
if a tornado of fearful power was retreating upon the meteor’s
path.

The phenomena observed in the fall of a meteorite are
due chiefly to the resistance of the air, some of the effects
of which may be considered in a general way as follows:

A body in moving through any medium such as air or
water experiences a certain resistance; for the movmg body
sets in motion those parts of the medlum with which it 1s in
contact, and thereby loses an equivalent amount of its own
motion.

This resistance increases with the surface of the moving
body; thus a soap-bubble or a snowflake falls more slowly
than a drop of water of the same weight. It also increases
with the density of the medium; in rarefied air it is less than
in air under the ordinary pressure; and in this again it is
less than 1n water.

The resistance also increases with the velocity of the mov-
ing body, and for moderate velocities i1s proportional to the
square; for, supposing the velocities of a body made twice
as great, it must displace twice as much matter, and must
also impart to the displaced particles twice the velocity.
For high velocities the resistance in a medium increases
in a more rapid ratio than that of the square, for some of the
medium is carried along with the moving body, and this,
by its friction against the other portions of the medium,
causes a loss of velocity.

Light bodies fall more slowly in air than heavy ones of
the same surface, for the moving force is smaller compared
with the resistance. The resistance to a falling body may
ultimately equal its weight; it then moves uniformly forward
with the velocity which it has acquired. Thus, a raindrop
falling from a height of 3000 feet should, when near the
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ground, have a velocity of nearly 440 feet per second, or
that of a musket-shot; owing, however, to the resistance of
the air, its actual velocity is probably not more than 30
feet per second.

The slowing down by the resistance of the air, of a body
having the velocity of a moving meteorite, has been cal-
culated for a number of special cases by Schiaparelli. He
found that a ball 124 inches in diameter with a specific
gravity of 3.5 and having an initial velocity of 9 miles per
second would have its velocity reduced to 14 of a mile per
second on arriving at the point where the barometric pressure
is '/gs that at the earth’s surface. If the ball had an initial
velocity of 40 miles per second the reduction of velocity in the
early stages of its fall would be much greater, and on arriving
at the point where the atmospheric pressure is !/g that at the
earth’s surface it would be reduced nearly to that of the
ball which started with a velocity of 9 miles per second.

The changes are shown in full in the following table:

Initial velocity 72,000 meters Initial velocity 16,000 meters
(40 miles) per second (9 miles) per. second
Remaining Atmospheric Remaining Atmospheric
velocity, pressure velocity, pressure
in meters in mm. in meters in mm.
PO N o JE T 57 raes e 5% 0.0600 EOTCO0m o o im s o1e 0.0000
(.5 S et 0.0005 A DTN S ATy e , s, 18 0.0064
3 O O A e = S 0.0013 17.160/0) o raah et e ST IR 0.0162
B EIOTOT & et ve ) - 0.0031 LOICOORY. M) 3 I8 TE L bt 0.0322
P HIGOOR T 3 Te  es 0.0082 B COOR I Mt . s 0.0620
117, C o ol NNl (e S s i 0.0358 GO0 LG, e i 0.1280
1B 0] (e PECE A 0.0816 A COOE L e eTes, Y 0.3055
O e S 0.3151 DS ODOR St g re 1.2203
RN Foos % o 1.2489 IGOOLETN LIS T 4.2986
IOODRA s s, 4.3182 B R it ST 11.6192
RO T & e et (75, 11.6388

The same author has calculated that for a body to reach
the earth with a velocity of 500 meters (14 mile) per second
it must, if of the specific gravity of a stone meteorite, have
a diameter of 2.61 meters (8 feet), and if an iron meteorite,
1.17 meters (3 feet).

Niessl* has calculated for several observed meteoric
falls the height above the earth at which their initial velocity

*Sitzb. Wien Akad., 1884, 89, 2, 283-293.
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was overcome and from which they fell under the influence
of the earth’s gravity alone. These heights were:

Homestead® = 500 1e e PSS ¢ 4 LA W0 o8 R A e 3.7 km.
S N i) oL N L e R e I o s e A 8.2 km.
Mocs 2 A5 A I A T e L R S A 8.4 km.
Westonk £, . % 2 LoDl g et Fume s U o SR ey i 11.1 km
KNIV e s i e B A R R i R R SRS U, SRR 11.9 km
Braunaus 5. Coran. B VS 20 B XSRS S SR S 14.8 km.
0 7171 LAY gt Wl Ty Dot oy oy T (o S RO ey 23.0 km
LT R R SRR AP i S sl e T i s o bahs 41.5 km
Hraschinas .. <. 8 e o gt wE i P 46.7 km

The slowing up of a meteorite by the resistance of the air
exerts a powerful disruptive force upon it, since the rear of
the meteorite tends to travel with a planetary velocity while
the forward part is being checked. Thus Hauser calculated
that a meteorite having a volume of a cubic meter and being
a square meter in section would, if moving at a velocity of
30 miles per second, develop an internal disruptive force of
nearly 3 billion kilogram-meters on arriving within 16 miles
of the earth’s surface. That this force would tend to burst
the meteorite there can be no doubt.

Theenormousheat developed bysucha checkmgofvelocnty
or the conversion of its motion into heat, should also be con-
sidered. Thus a body weighing one pound, and moving 25
miles a second, has momentum sufhicient to raise (25 x 5280)*
+2g=271,500,000 pounds one foot. By Joule’s equivalent,
the raising of 772 pounds one foot corresponds to the heat
necessary to raise one pound of water one degree Fahren-
heit. If the capacity of the meteoric substance for heat is
0.2 (that of iron 1s 0.12), the loss of a velocity of 25 miles
would be equivalent to heating (271,500,000+-0.2)+772=
1,760,000 pounds of the substance one degree Fahrenheit,
if the whole of the motion was transformed into heat.

The sounds like thunder usually accompanying the fall
of a meteorite, are doubtless due, as in the case of lightning,
to the explosive shock given to the surrounding air by the
sudden heating of the air in the vicinity of the passing
meteorite. The pressure thus produced is, according to
Thomson* in the case of lightning, equal to ten atmospheres

* Science, Dec. 17, 1909.
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and is probably not less in the fall of the average meteorite.
The prolonged and varying rolling sound is also due as in
the case of lightning to irregular movements of the meteorite
in its course through the air. The first sound heard comes
from the part of the path nearest the observer and then
follows that derived back along the meteor’s path. Any
twistings and bendings of the course of the meteorite will
cause blendings and separations of the sound waves which
will give varying effects.

The effect of the impact of a meteorite upon the earth
depends among other factors upon the velocity of the mete-
orite and the nature of the surface upon which it falls.  So
far as the velocity of the meteorite is concerned, all evi-
dence indicates, as already noted, that the meteorite loses
its planetary speed in the upper layers of the atmosphere
and falls during the latter part of its course like any free
falling body.

Thus the velocity of the Middlesbrough meteorite on
striking the ground was calculated by Herschel to have
been 412 feet a second. Borgstrom reckoned the velocity
of the Hvittis meteorite from the depth of the hole which it
made in a stiff loam to have been 584 feet a second; that of
the St. Michel meteorite (Fig. 4) from similar observations
to have been between 563 and 710 feet a second, and that
of the Shelburne meteorite to have been 515 feet per second.
The depth to which a meteorite will penetrate obviously de-
pends much upon the nature of the soil. A meteorite strik-
ing upon a ledge of rock as did that of Long Island, will, if it
is a stone meteorite, itself be shattered. On the other hand
when striking soil meteorites may enter it to a considerable
depth. The Hvittis and St. Michel meteorites above men-
tioned passed the one into stiff clay and the other into mo-
rainic material to a depth of about two feet each. The
largest stone of the Estherville shower, weighing 437 pounds,
penetrated stiff clay to a depth of eight feet, and the next
smaller stone, weighing 170 pounds, embedded itself in sim-
ilar material to a depth of five feet. These were, however,
stones of higher specific gravity than those previously men-
tioned. The Farmington meteorite weighing 180 pounds
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went into hard clay to a depth of four feet. The Kilbourn
meteorite, a stone about the size and shape of a man’s fist,

Fic. 4— Hole in ground made by fall of the St. Michel meteorite,
After Borgstrom.

passed in succession through a barn roof composed of three
thicknesses of shingles, a hemlock board an inch thick, and
another hemlock board of the same thickness about four
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feet below this. The direction of penetration of a meteorite
is not always vertical, since the direction of motion of the
meteorite is sometimes tangential. Thus the largest stone
of the Knyahinya fall, a stone which weighed 660 pounds,
reached a depth in the earth of eleven feet, but in a direc-
tion inclined about 27° from the vertical so that a stake
driven down in the center of the hole which 1t made failed
to strike it. Motion in a direction much inclined from the
vertical may account for the apparent lack of forceful im-
pact observed in the fall of many large iron meteorites.
These masses with their weight of many tons should seem-
ingly reach to great depths on striking the earth, but little
evidence of such penetration has yet been secured. As a
rule these masses are found near the surface.

The most extensive terrestrial effect which has ever been
ascribed as possibly due to meteoritic impact 1s to be seen
at Canyon Diablo, Arizona, at the point of fall of the
Canyon Diablo meteorites. The immediate locality of the
fall is known as Coon Butte or Meteor Crater. Here a
circular depression about 4000 feet in diameter and 570 feet
deep occurs in the surface of an otherwise comparatlvely
level plain. (Fig. 5). The walls of this “crater,” as it has
been called, are composed of limestone and sandstone and
the layers of these rocks dip away from the center of the
crater at varying angles. Along the southern wall the lime-
stone and sandstone have been lifted vertically more than
100 feet. At its highest point the crater rim 1s 160 feet
above the outlying plain, and at its lowest 120 feet. The
mass of the crater rim is composed of loose, unconsolidated
material varying in size from microscopic dust to blocks
weighing hundreds of tons. The floor of the crater 1s com-
paratively level but has probably been built up by inwash
from the sides. Special significance is attached by investi-
gators of the region to the presence of a gray or white sand-
stone, much of it in the form of a rock flour which is found
in the floor of the crater and about its rim. This sandstone
is regarded, on account of its structure, as showing signs of
metamorphism by heat. Mixed with this material are part-
icles of nickel-iron. At a depth of 820 feet below the floor
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of the crater undisturbed strata of red and yellow sandstone
are found. Scattered-about over the floor of the plain iron
meteorites have been found in numbers reaching thousands,
and in weight aggregating several tons. Within the crater
itself only a few small meteorites have been found. The
peculiar topographic form and the associated meteorites
lend considerable plausibility to a hypothesis which has
been urged by several observers but especially by D. M.
Barringer.* This hypothesis ascribes the formation of the
crater to the impact of a huge meteorite which was wholly
or in part metallic. The dimensions of this meteorite were
calculated by Barringer and Tilghman from the size of the
crater to have been about 500 feet in diameter.

Complete proof of the correctness of the hypothesis would
be obtained by finding within the crater above the un-
disturbed sandstone a meteoric mass or many of them which-
would together approximate the size mentioned. Although
a number of borings have been made in search of such a
mass or masses, none has as yet been found. Search for
such a mass with magnetic instruments has likewise given
negative results. It has been suggested that the enormous
force of impact might have rent the mass of the impinging
body into minute fragments, some of which are represented
by the nickeliferous particles found in the white sand, and
hence no large mass now exists. No certain conclusion can
as yet be drawn in regard to this view. An alternative to
the hypothesis of meteoritic origin is to assume that the
crater originated from some terrestrial force, and that the
occurrence of such meteorites as have been found here is
purely coincidental. This was the conclusion of G. K. Gil-
bert, who ascribed the formation of the crater to a steam
explosion of volcanic origin. The opponents of this view,
however, state that there are no known volcanoes or hot
springs near the region to afford the heat necessary for such
an action. It seems as yet therefore 1mp0551ble to g1ve final
decision as to the origin of the “crater.’

The resemblance of this topographic feature to that of
the so-called volcanoes of the moon has often been re-

*Meteor Crater: Philadelphia 1909. Published by the author.
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F16. 6.— Craters of the moon. They resemble Meteor Crater, Arizona, in form
and by some have been thought to be formed by the impact of meteorites.
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marked and it has been suggested that the moon craters are
in reality impact pits caused by the striking of large mete-
orites upon the moon’s surface (Fig. 6). Those who urge
this view find cause for the greater effect of such impact
upon the moon as compared with the earth in the absence
of an atmosphere from the moon. There is thus nothing
upon the moon to burn up falling bodies before they reach
its surface. There can be no doubt that the earth’s atmos-
phere affords an immense protection to its inhabitants in
burning up bodies which would otherwise reach the earth’s
surface but that meteorites sufficiently large to make the
great craters on the moon’s surface have ever fallen on that
body seems somewhat questionable.

Meteorites show little warmth when they arrive upon the
earth. The stone meteorites at any rate are almost always
spoken of as being “milk warm” or ““barely warm” by those
who pick them up immediately after their fall to the earth.
Neither are there any indications of any heating effect where
meteorites have struck the earth. No baking of the soil or
charring of vegetation can be observed. Meteorites have
also fallen in haystacks, within barns or in other places
where a little heat might start a fire but have never pro-
duced any incendiary effects so far as known. 'This lack
of heat is contrary to the general belief, the common opin-
ion being that meteorites are intensely hot when they reach
the earth. This opinion is evidently based on the brilliant
light emitted by meteors 1n their course in the atmosphere.
A little consideration of the matter, however, will convince
one that no heating phenomena should be expected for three -
reasons:

1. The substance of stone meteorites 1s a poor conductor
of heat.

2. The period in which they might acquire heat 1s ex-
tremely short, but a few seconds at most.

3. Any portion of their surface sufficiently heated to
become in a condition even approaching viscosity is imme-
diately removed by the pressure of the surrounding air.
With the iron meteorites the case is somewhat different
since they are much better conductors of heat than stone
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meteorites. They, therefore, generally possess considerable
warmth when picked up immediately after their fall. The
Cabin Creek meteorite is described as being ““as warm as
could be handled” after being dug from a hole three feet
deep. The Mazapil meteorite was so warm that 1t could
be “barely handled” on removal. The heat emitted even
in these cases, however, was not great. Any accounts,
therefore, of intense heat being displayed by meteorites can
usually be assumed to be false, the observer’s previously
formed opinion probably
coloring his testimony if his
testimony is sincere.

No meteorite fall has ever
positively been known to
have been destructive to
human life. Accounts pur-
porting to describe such
catastrophes prove on in-
vestigation to have come
either from times orcountries
so remote that they cannot

Fi6.7.—O0ld drawing perhaps repre- be verified. Many ACUoURER

senting a fall of meteorites. of such an occurrence come

to us from earlier times, and

the scene here pictured (Fig. 7) probably illustrates destruc-
tion believed by the early artist to have been caused by
meteoric stones falling from the skies. But no well
authenticated occurrence of the sort is known. Perhaps
the most narrow escape which has ever been experienced
was that of three children in Braunau at the time of fall
of that meteorite in 1847. This meteorite, an iron
‘weighing nearly 40 pounds, fell in a room where these
children were sleepmg and covered them with debris, but
they suffered no serious injury. Other meteorites have
fallen near human beings but never have struck them so far
as credible information goes. That personal- injury or
death might be caused by the fall of a meteorite is entirely °
possible, in fact 1s likely to occur at some time. It is re-
markable that some falls, such for instance as the showers
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in Jowa which occurred in fairly thickly settled communities,
should not have caused serious injury to the inhabitants.

Injury to animals from falling stones has perhaps occurred
in a few instances. Cattle were said to have been struck
by falling stones in the shower of Macao, Brazil, in 1836,
and a dog was reported to have been killed by a meteoric
stone in Nakhla, Egypt, in 1911. The evidence in regard
to these occurrences is not, however, altogether satisfactory.
Buildings have several times been struck by meteorites and
usually have been penetrated by them. Besides the build-
ing mentioned above as struck by the Braunau meteorite,
a 12-pound individual of the Pillistfer fall fell through a tile
roof and a floor of a building, and the Kilbourn meteorite
penetrated a barn. Buildings were also penetrated by the
Aussun, Barbotan, Benares, and Missing meteorites.

The following recommendations to observers on occasions
of the falls of meteorites, describing the points of information
most destrable to be recorded regarding their characters
and appearance, were published by a committee of the
British Assoctation in 1878 :*

“In recording observations on the passage of a meteor
across the sky, the points which it is most desirable to arrive
at are: such data as will allow of our definitely noting the
direction of its path and its point of extinction, the duration
of the luminous phenomenon, and of individual phases of
it, the apparent magnitude of the meteor, the luminosity
as compared with other brilliant objects and the changes
which it may itself exhibit in this respect during the transit,
the duration of the train (or ‘streak’), and the changes it
may undergo before extinction (whether it fade away simul-
taneously along the entire length, or break up into a chain
of luminous fragments); also, in cases where the streak is
one of great persistence, the manner of its final disappear-
ance; again, when the meteor has been observed near the
time of sunrise, or sunset, what change it wrought in the
appearance of the visible train by the increasing or waning
light of the sky. The sound attending its passage, if any,
and the character of the sound, as regards intensity and dura-

- * Rept. Brit. Assn. Adv. Sci., 1878, pp. 375-377.
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tion, whether single and well defined, or a series of minor
explosions closely following one another should be noted
and finally, the time of appearance, and that of the inter-
val before the explosion is heard.

“While it 1s hardly possible for one observer to record
all the data referred to, he should not fail to note such of
them as may have come clearly within his observation.
Other spectators may have remarked what he may have
missed, and their joint observations may enable us to arrive
at a complete physical history of the meteor in question.

“It 1s desirable to determine two points of the track of
the meteor, as far asunder as possible — the points of
appearance and extinction are to be preferred — and to
indicate the former by reference to some star or constellation
which it overlies, and the latter by some object on the hori-
zon against which it i1s projected. In cases where the
meteor 1s seen in daytime, the data to be arrived at are the
points of appearance and its angular altitude. The former
may be estimated by noticing what conspicuous object lies
vertically below it on the horizon; a village or a mountain
peak. The more distant the object is from the spectator,
the more accurate will be the determination of this element
of the observation. If objects to which reference can be
made should be wanting, the direction may be temporarily
noted, and subsequently determined by the aid of a compass-
needle. To learn an angular altitude we dare not trust
general conclusions, -however carefully arrived at; even
experienced observers may be misled in such cases. If a
vertical object, say the roof of a house, or the top of a tree,
happens to lie in the direction under consideration, the
observer should approach it till the line of sight of the origin
of the course of the meteor skirts the summit of the ter-
restrial object. The observer has now to determine how
far he is removed from the object selected, its vertical
height above the plain on which both are situated, and the
distance above the ground of his own eye, in order to be in
a position to determine the angular elevation of the point
of appearance of the meteor, the position of which he desires
to ascertain.
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“The apparent path of the meteor 1s often represented by
a line like a bow; in other words, the meteor apparently
ascends, culminates, and then takes a downward course.
This motion 1s, however, for the most part apparent only;
and 1s a consequence of the varying inclination which a
straight line appears to form with the horizon at different
points along its course. The observer should endeavor to
determine as accurately as possible the apparent inclination
at those points of the meteor’s arc, or line of flight, which can
be most readily identified, such as the beginning and the
end of the track, or those where a break in the luminous
train occurs, as well as that portion which lies parallel to
the horizon. The point of extinction should especially be
noted, and this i1s the more readily accomplished from the
fact that the attention has been steadily directed to observ-
ing the luminous phenomena precedmg it. In regard to
the point of appearance, it 1s of importance to determine
whether the impression made on the observer was that he
had witnessed the blazing forth of the meteor in the sky,
or whether the meteor had entered his field of vision,
and a portion of its luminous track had not been seen
by him.

“It 1s, moreover, of importance to arrive at a knowledge
of the length of time occupied by the meteor in traversing
the sky; this may sometimes be learned by counting the
ticks of a watch, or by advancing in the direction of the
object at a uniform rate, and counting the paces taken
during the observation. It should also be noted whether
the meteor moves onward with an accelerating or diminish-
ing velocity.

“The brilliancy of a meteor larger than the fixed stars of
different magnitudes can most conveniently be compared
with the light of Venus or Jupiter; and in the case of the
largest meteors, with the apparent brilliancy and magnitude
of the moon in her several phases. The colour exhibited
by the meteor should also be carefully observed, and any
change of hue along any part of the path should be recorded.
The luminous train left after the disappearance of the
meteor is sometimes very persistent, and often terminates in
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a cloud, faintly visible. Any peculiar structure exhibited
by the train, or cloud, should be sketched on paper.

“The sound attending the flight of the meteor usually
consists either of several distinct explosions, or a crackling,
rolling detonation. The closest attention should be given
after the extinction of the meteor, for the arrival of the
sound and the length of the interval should be carefully
noted with the watch.

“Of the many points which, as has been shown, it is de-
sirable that a record should be made, an individual observer
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F1. 8.— Diagram showing effect of position of observer on the appar-
ent paths of meteors. The actual paths are AB, but the apparent
paths as seen at O are AC. After Moulton.

can obviously determine but a few; all those of them, how-
ever, to the accuracy of which he can certify, are of value
since other observers may supply the missing data, and the
whole may be collected.

“If a meteorite has fallen, visit the spot where it struck
the ground, and examine the hole which it formed. Deter-
mine the depth, and especially notice the direction of the
cavity in respect to the points of the compass. Ascertain
whether the meteorite was removed from the ground soon
after its descent, and whether any observations had been
made at the time respecting its temperature. Make a
note of the material forming the surface layer, and state
whether it was moist or dry. Further inquiries in the
neighborhood may lead to the discovery of other meteorites
which had fallen at the same time, and at points not un-
frequently miles distant. They may vary greatly in size;
and stones as small as a pea or bean may be sought for.”
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To these suggestions may be added in the case of a
meteoritic shower the recommendation that the distribution
of the meteorites with respect to their size should be ob-
served and the extent and dimensions of the area over which
they have fallen should be determined as far as possible.
Also an effective means of measuring the height of a meteor
has been suggested by Sir Robert Ball. This method re-
quires that two observers situated a number of miles apart
should note the meteor and its direction from them. . Then
on a map of any convenient scale a straight wire should be
raised from the position of each observer in the direction in
which he saw the meteor. The point of intersection of the
wires will show the true position of the meteor and a per-
pendicular let fall from this point will show its height ex-
pressed in the scale of the map. -

Further, the effect of the position of the observer on the
apparent paths of meteors should be considered. Thus in
the accompanying figure (Fig. 8), there are represented the
paths of three meteors which are parallel, AB, but their
apparent paths as seen by an observer at O will vary in di-
rection, being the lines AC. It is by contlnumg the lines
backward on the celestial sphere that the point from which
the meteors came can be determined.



CHAPTER III
GEOGRAPHICAL DISTRIBUTION OF METEORITES

Broadly speaking, we know no fundamental reason why
meteorites should be any more numerous upon one part of
the earth’s surface than upon another.

Compared with the vast area of space in which meteorites
wander, our earth is but a point, and moreover a rotating
and wabbling pomt ever presenting new surfaces to the
portions of space in which it 1s traveling. The marksman
who displays his skill by shooting glass balls thrown into
the air would have the difficulty of his task enormously
increased if he should endeavor to strike successively the
same point upon the ball, especially if it had in addition to
its forward motion one of rapid rotation about a wabbling
axis. Yet this is what a falling meteorite must do if it is to
reach any particular point on the earth’s surface. These
considerations make it difficult to believe that any par-
ticular portion of the earth’s surface i1s more likely than
another to receive meteorite falls. However, knowledge
of falls requires observers or finders and they must be
persons of sufficient intelligence to recognize the nature of
their finds. Hence a map of the localities from which
meteorites are known shows by far the larger part of them
in civilized countries and the falls apparently the more abun-
dant the greater the population. Of 634 known meteorites,
256 have been found in Europe and 177 in the United States.
Thus more than two-thirds of the known number are from
less than one-eighth of the land surface. We have no reason
to suppose that these regions actually receive more mete-
orites than others less intelligently populated and any ap-
parent excess or lack of meteorites in any given locality
must be considered in the light of these facts. Taking
these facts into consideration, however, there seem to be
certain inequalities of distribution of meteorites which may

34 ~
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be of some significance. Meteorites seem to be somewhat
more abundant in mountainous or elevated regions than in
those of an opposite character. Thus they seem to be more
abundant near the Himalayas in India, near the Alps in
Europe, and about the high peaks of the southern Appala-
chians in the United States. The largest iron meteorites
of North America are nearly all found in the Cordilleras.
Whether such regions exert a greater gravitational force or
whether they present an actual physical obstacle to the pas-
sageof a meteoriteis uncertain, butitis probable that if either
agency is operative it is the obstructive one. Another seem-
ing difference in distribution may be noted if the meteorites
of the two hemispheres of the world be compared: Thus of
256 meteorites known from the western hemisphere, 182 are
irons and only 74 stones; while from the eastern hemisphere,
of 378 known, 299 are stones and only 79 are irons. Ber-
werth has sought to account for the excess of irons in the
New World by the suggestion that the dry air of the desert
areas which abound in this hemisphere has preserved mete-
orites fallen in long distant periods while those of a similar
age in the other hemisphere have been exposed to a moist
climate and have for the most part been decomposed. It
is true that many of the iron meteorites known from the
western hemisphere occur upon the Mexican and Chilean
deserts, but quite as many come from the southern Appa-
lachians, where a comparatively moist climate prevails.
There are also numerous desert areas in the Old World per-
haps as fully explored as those of the New, so that on the
whole the above explanation seems inadequate.

Other remarkable groupings of meteorites with regard
to their geographical distribution may be noted when areas
smaller than hemispheres are compared. Thus of a total
of nine meteorites belonging to the class of howardites, five
have fallen in Russia. Of the nine meteorites known be-
longing to the class of carbonaceous meteorites, three have
fallen in France and two in Russia.

Again small areas of equal extent and equally well popu-
lated vary curiously in their number of meteorite falls.
Within the state of Illinois, for instance, no meteorite is






CHAPTER 1V
TIMES OF FALL

Considering meteorite falls by years it should be remem-
bered that previous to the nineteenth century little reliable
record of such falls 1s available. Single falls are known for
the years 1492, 1668, 1715, 1723, 1751, 1766, 1773, 1785,
1787, 1790, 1794, 1795, and 1796, and two falls each for the
years 1753, 1768, and 1798. Moreover, for the early part
of the nineteenth century the record 1s not very complete,
since during that period the possibility of meteorite falls
was yet much doubted. But from 1800 to 1910, 331 falls
may be accepted as well authenticated as to their month
and year. During this period eleven years show no falls
whatever. These years are, 1800, 1801, 1809, 1816, 1817
1832, 1839, 1888, 1906, 1908, and 1909. Of these the years
of the last decade will probably have falls to their credit
after a time, since the record of falls usually lags somewhat
behind their occurrence. The largest number of falls
shown in any year during the period is 11 in 1868. The
years 1865, 1877, and 1886 show 7 each. All the other years
show from 1 to 6 falls each. The full record by years
beginning with 1800 is as follows:
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This record on the whole seems to indicate a comparatively
uniform supply of meteorites, which is the more remarkable
when one considers the various chances affecting the observa-
tion of their fall. The record seems to afford no evidence
of cycles or periodicity. As already remarked, a large
allowance for unrecorded meteorites must be kept in mind.
Yet that those recorded are probably typical of the whole
seems to be indicated by the fact that while opportunities
for observation of meteorite falls have probably continually
increased since 1800, the record by decades shows the decade
from 1860 to 1870 to considerably exceed in number of falls
either of the two succeeding ones.

Passing from the falls by years, the falls by months may
be examined. Such an examination should have an especial
significance in showing the relations which meteorites may
have to well-known star showers. Two of the best known
of these showers occur in August and November. If
meteorites are related to these, these months should show a
larger fall than others. If meteorites are not related to
these, no special increase for these months should be shown.

On compiling the results it is found that the months of
May and June exhibit the greatest number of falls. The
number for November falls below the average and that for
August rises only slightly above. The evidence from this
record is therefore that meteorites are not related to the best
known star showers. It is fair to presume that the record
by months will be somewhat influenced by the times that
observers are most abroad. Most of the observations of
meteorite falls are made in the northern hemisphere and in
this hemisphere observers are more likely to be out of doors
and hence more likely to observe the fall of meteorites in the
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summer than in the winter months. The record shows that
as a whole the number of falls recorded s less for the winter
than the summer months, yet the number of falls cannot be
influenced by that alone since the high record for May and
June drops to nearly half that number in July. Further
the months of August, September, and October are equally
favorable as regards weather for observations of .meteorite
falls with those of April, May, and June, yet the latter period
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F1c. 9.— Curve of meteorite falls by months.

much excels in number of falls. The excess of falls in May
and June must, therefore, be due to other causes than favor-
able conditions of observation and seems to indicate that °
in the portion of the earth’s orbit passed through in these
months there is an unusual number of meteorites. The
full table up to 1910 for the different months is as follows:
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.
25 24 22 32 44 45 23 36 30 24 24 21=350
This record is shown graphically in the accompanying
diagram (Fig. 9).

Comparison of the falls of meteorites by months as here
given, with those of falling stars and fireballs as given by
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Of all times of fall of meteorites the most satisfactory for
study are probably the hours of fall, since the ratio of num-
ber of falls to number of hours 1s larger than that to days,
months, or years. While the hour of fall is not known of
as many meteorites as 1s the year and month, yet of 273
sufficiently satisfactory records are available. Of these 273
falls, 184 occurred in the time from noon to midnight, and
89 from midnight to noon. The record in full is as follows,
the total number being less by seven than that recorded for
forenoon and afternoon, since of these seven the hour is not
known: 3
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This record 1s shown graphically in the accompanying
diagram (Fig. 10).

As in the case of the months and the years, it 1s quite
likely that here also considerable allowance should be made
for conditions of observation. It is reasonable to expect
that the number of falls recorded in the early morning hours
would be less than that for other times, since mankind 1s
generally asleep then. That some such allowance must be
made 1s indicated by the records, for the number of falls
from midnight to 6 A. M. is only 21, while from 6 A. M. to
noon it1s 68. From noon to 6 p. M. it is 124 and from 6 P. M.
to midnight 6o.
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The hours of fall are chiefly significant, however, in
indicating the direction of movement of meteorites. It
will be seen from the accompanying diagram (Fig. 11) that
all meteorites reaching the earth between noon and mid-
night must be moving in the same direction as the earth in
its orbit. These are said to have direct motion. Those

SUN

Fic. 11.—Diagram showing relation of time of day and direction of earth motion
to velocities of meteorites.

reaching the earth between midnight and noon however,
must be moving in a direction opposite to that of the.earth
or so slowly that they are overtaken by it. Those moving
opposite to the earth are said to have retrograde motion.
It will be seen that meteorites with direct motion must
reach the earth by overtaking it (or being overtaken by it)
while those with retrograde motion meet the earth.

These differences in direction of motion must produce
great differences in the velocity with which meteorites strike
the earth, since those overtaking the earth have the earth’s
velocity subtracted, while those meeting the earth have
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the earth’s velocity added to theirs. The earth’s velocity
about the sun 1s 18.5 miles per second. All meteorites
which move in orbits which are parabolic about the sun
have a velocity of 26.16 miles per second. If, therefore, a
meteorite having this velocity overtakes the earth it will
strike with a velocity of only 7.7 miles per second, its velo-
city minus that of the earth. On the other hand a meteor-
ite moving in the opposite direction with parabolic velocity
and meeting the earth will strike with 1ts own velocity plus
that of the earth, or 44.7 miles per second. To these velo-
cities must be added that produced by the earth’s attraction.
It has been shown by Lowell* that this may be as great as
2.66 miles per second and can not be less than 0.53 miles per
second. The greatest velocity then at which a meteorite
can strike the earth is 44.7+2.7=47.4 miles per second, and
the least, if the meteorite has direct motion, is 7.7+0.5=8.2
miles per second. Such differences in velocities must have
a marked effect on meteorites. Meteorites passing into the
earth’s atmosphere at the higher velocity must be subjected
to far greater heat and friction than those moving at the
lower velocity. ‘The greater heat and friction would prob-
ably be sufficient to burn up all but the largest meteorites,
and this, as Newtonf and W. H. Pickering} have both re-
marked, may be the principal reason why so small a number
of meteorites i1s known to fall between midnight and noon.
According to the records above given more than twice as
many meteorites fall from noon to midnight as from mid-
night to noon. This would indicate that most meteorites
are moving in their orbits in the same direction as the earth,
but taking into consideration the lack of favorable oppor-
tunity for observation of meteorites with retrograde motion
on account of the time of their fall and taking into consid-
eration the greater liability that they will be burned up on
account of their greater velocity, it is possible that the dif-
ference in quantity of meteorites of the two classes 1s not as
great as appears at first sight.

*Science, N. S., 1909, 30, 339.

tAm. Jour. Sci., 1888, 3, 36, 10.

{Popular Astronomy, 1910, 18, 264.
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A study of the table shows that the falls are much more
numerous at some hours than others. They are most
numerous at 3 P. M., but are also abundant about noon and
about 7 A. M. Haidinger in 1867* gave the hours of 178
meteorite falls which may serve for comparison with the
above table. Omitting from Haidinger’s table about 40
falls which are now known to be unreliable, his results are
as follows:

O TS R e R g S (el g 1O ¢ 11 - Total
G A A IR TUL STCRY o Sethaiss (30 vl 1oL 5 A0S GEERET e =T
115 | e e ) S (i e A 3 R M TR RN o 3 = 81

Here likewise the afternoon falls are seen to be more
numerous than the morning falls, and the number is greater
at 7 A. M., IT A. M., and 3 P. M. Thus the numbers of falls
at different hours seem to retain about the same propor-
tion when different yearly periods are compared.

- On the whole the study of the times of fall of meteorites
seems to show (1) that they differ considerably from mete-
ors in times of fall, (2) that they are not noticeably related
to any of the well known star showers, and (3) that the rate
of their supply to the earth is remarkably uniform.

*Sitzb. Akad. der Wiss., Wien, Bd. 55.



CHAPTER V
METEORITE SHOWERS

A striking feature of some meteorite falls (striking in more
ways than one), 1s the fact that a large number of in-
dividuals, sometimes thousands, fall at one time and place.
Such occurrences are called meteoritic showers, and present
phenomena of much interest. These showers have taken
place on various parts of the globe and at various times
without any seeming regularity or relation.

Three of the largest showers, those of Estherville, Forest,
and Homestead, took place within the boundaries of the
State of Iowa, and three others, Knyahinya, Mocs, and
Pultusk, fell in Hungary or the neighboring Poland. The
phenomena of violent sounds and brilliant light which
usually accompany, the fall of a meteorite are generally
intensified in the case of -these showers, though not always
to a marked degree. The phenomena attending the shower
of Homestead, described on pages 16 to 18 may be con-
sidered typical of the more violent form. The distribution
of the stones of these showers 1s usually over an elliptical
area with the longest axis of the ellipse in the direction of
movement of the meteor (Fig. 12). The greatest distance
along which the individuals of a shower have been observed
to be distributed in this way is sixteen miles. This was the
distribution of the Khairpur shower.

The distribution of this and other showers 1s as follows.*

Limerick...... 3 miles long .Knyahinya.... 9 milesx 3 miles
Butsura. .. ... 3 miles x 0.6 mile Weston....... 10 “ long
Holbrook. . ... 3 SRS (oY Hessle........ 10 e 3] =
Pultiisky. .5 5 Fa fe ! 5§ New Concord.. 10 A %
Barbotan. . ... 6 “ long Castaha > 5. 10 Hoger o) R
Homestead.... 7 “ x4 miles Micag: v vy 14 “ long
L’Aigle....... 2V50 5 RS T Cold
Stannern. . ... 8 e Xe2 g Bokkeveld. .16 X Hmile
Estherville.... 8 RLUC @y et Khairpur.. ... 16 e % 35 iniles
Pillistfer. .. ... 8 R o S A

OGSR AL s W e T v

9
*Chiefly from Fletcher, Min. Mag., 1889, 8, 225.
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Fic. 12.— Distribution of the individuals of the Homestead, Iowa, meteorite
shower. The shower moved from south to north, the larger individuals being

carried farther by their greater momentum, The squares in the diagram
represent a square mile each.
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Another feature to be noted in the distribution of the
individuals of such showers is that of assortment according
to size. The smaller individuals fall at the end of the
ellipse nearest the point from which the movement comes,
the larger ones at the end farthest away. This difference
1s probably due to the fact that the greater momentum of
the larger masses carries them farther. This rule would
seem to be of universal application and any apparent re-
versal of it, such as has sometimes been reported, may per-
haps be explained as a failure to determine the true direction
of movement of the meteor.

With a few unimportant exceptions, the individuals of a
shower are of the same nature. Single individuals of the
Homestead, Stannern, and Pultusk showers were of a some-
what different character from the rest but not markedly so.
In the Estherville shower gradations from iron-stones to
irons were seen. At Brenham also both iron-stones and
irons fell.

All observed showers have been of stones, but the finding
of numerous individuals of iron in single localities such as
Toluca and. Canyon Diablo indicates that showers of mete-
oric irons sometimes take place also.

Finding of stones or irons in large quantity at any lo-
cality may be assumed to show the former occurrence of a
shower. Showers of stones that have either been observed
or found took place at Barbotan, Cronstadt, Estherville,
Forest, Futtehpore, Hessle, Holbrook, Homestead, Jonzac,
Killeter, Knyahinya, L’Aigle, Macao, Mezo-Madarasz,
Mocs, Orgueil, Pultusk, Siena, Stannern, and Weston.
Showers of irons occurred at Brenham, Canyon Diablo,
Coahuila, Great Nama Land, Imilac, Inca, and Toluca.
Numerous other falls, while not producing a sufficient
number of individuals to constitute a shower, yet afforded
many stones. Thus many stones fell at Admire, Agen,
Aleppo, Borgo San Donino, Cold Bokkeveld, Dhurmsala,
Kesen, Khairpur, Madrid, Manbhoom, Modoc, Monte
Milone, Ness County, Nulles, Ochansk, Sokobanja, Tomat-
lan and Toulouse.. At Chail, Grazac, Khetree, Jelica,
New Concord, Ploschkowitz, and Segowlee from 20 to 40
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stones fell; at Zsadany 16, at Stilldalen 11, at Blansko 8, at
Bandong and Lancé 6, at Barratta, Bremervorde, Butsura,
and Drake Creek 5, at Harrison County, Marion and Lissa g,
and at numerous other localities 2 to 3 stones. Of irons,
about 15 individuals are known from Glorieta; 4 to 6 from
Smithville, Staunton, Steinbach, Trenton, and Youndegin:
3 from Arispe, Bischtiibe, and Crab Orchard; and 2 from
Braunau, Chupaderos, Cosby Creek, Hraschina, Losttown,
and Tucson.

It 1s highly probable that at many of the above localities
not all the imdividuals which fell were found, so that the
numbers would be increased if the full complement were
known.

The number of stones falling in some of these showers is
remarkable. In each of the showers of Pultusk and Mocs
more than 100,000 stones fell. In the shower of Holbrook
14,000 stones fell, and in that of L’Aigle 2-3,000. The total
quantity of meteoric matter falling in a single shower is
also often large though not larger than some single stones.
In the Knyahinya shower the stones of which were rela-
tively large, over 423 kilos (840 pounds) fell. From Hol-
brook 218 kilos were obtained and about the same quan-
tity from Pultusk.

The question of the amount of area over which meteorites
of a shower may be distributed becomes of considerable im-
portance when considered in relation to meteorites found.
If showers can distribute meteorites over areas covering
scores or hundreds of miles, meteorites of similar characters.
found within such areas should be referred to one fall in-
stead of many. This is an especially important considera-
tion in regard to the iron meteorites of the class of medium
octahedrites, since many of them are separated in point of
fall by less than a hundred miles and yet are regarded of
distinct origin. Earlier writers were inclined to group into
one fall all similar meteorites, even though separated by
thousands of miles of distance, but later observations have
failed to confirm this view. Until an observed shower can
be seen to disperse meteorites for great distances we seem
compelled to allow but slight dispersion by a shower. Two



50 METEORITES

important meteoric finds, however, seem to be exceptions to
this rule. These are Coahuila and Great Nama Land.

In the state of Coahuila, Mexico, numbers of meteoric
irons of the rare class of hexahedrites are found one or two
hundred miles apart. It hardly seems likely that separate
falls of these rare meteorites would occur within such a lim-
ited area, and the only alternative seem to be to ascribe
them to a shower or to assign their distribution to human
agency. Fletcher after an exhaustive study concluded that
it was highly probable that the usefulness of these masses
of iron for anvils and other artificial purposes caused their
wide distribution by man. The irons of Great Nama Land
are also of a peculiar class, being fine octahedrites. They
have been found in various places over an area whose far-
thest limits are about fifty miles apart. Here again it seems
highly probable that distribution by man has taken place.

Opinions differ as to whether the individuals of a shower
are separated before striking the earth’s atmosphere or
come from a single mass broken up in its passage through the
atmosphere. Some breaking up of individuals is known to
take place in the atmosphere, because individuals show
various stages of crust formation on different surfaces.
This crust varies from a deep alteration to a mere smoking,
and such differences could only arise from successive frac-
tures and successively shorter periods of exposure. But the
majority of individuals of a shower are thoroughly encrusted
on arrival at the earth and are often oriented (Fig. 13).
Hence they must have had a nearly uniform period of flight
through the atmosphere. As Cohen suggests,* this could
only be the case if the breaking up took place simultaneously
and very soon after the entrance of the mass into the
atmosphere. Now, if conditions favor such a breaking up at
the beginning of the atmospheric course, it is not easy to
see why meteoric showers are not more abundant, since
meteoric stones do not differ greatly in structure and
composition. A breaking up of the soft, carbonaceous
meteorites would be especially probable. Moreover, while
the breaking up of stones in the atmosphere can be con-

* Meteoritenkunde, Heft 11, 186.
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F1c. 13.— Various individuals of the Orgueil, France, shower. Similar numbers
indicate the same stone in different positions. Somewhat reduced. After
Daubrée.
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ceived, it 1s hard to understand how masses so tough and
coherent as the meteoric irons could readily be divided
except along a few pre-existing clefts into the great numbers
of individuals seen in the Toluca and Canyon Diablo
meteorites for example.

The principal objections to the view that the individuals
of a meteoritic shower are largely separated before reaching
the earth’s atmosphere seem to be those urged by Daubrée,
that if the meteorites exist as a swarm in space they should
be seen moving as a swarm of lights in the atmosphere, and
further that their distribution in falling should be much more
irregular and extensive than 1s found to be the case. So
far as the first objection is concerned, it is of interest to note
that the Rochester meteorite was described as looking like
a “flock of red-hot birds” moving through the air. Nu-
merous lights have been seen in the case of other showers.
But that the individuals of a shower should be distributed
over so narrow an.area is remarkable, and shows to what
a high degree a fixed direction of movement may have been
imparted to the components of a swarm.

To sum up, the following facts would lead us to assume
that meteorites come within the range of the earth’s attrac-
tion as a single body and that their disintegration, if any,
takes place in the earth’s atmosphere:

1. The angularity of most of the individuals of stone
showers.

2. The uniform composition of the individuals of a
shower.

3. The appearance of meteors in the air as a ball rather
than as a swarm of bodies.

4. The narrow distribution of the components of a
shower.

On the other hand the following facts seem to favor the
assumption that meteorites which fall as showers existed as
a swarm in space:

1. The complete encrusting of most individuals of a
shower.

2. The small number of showers.

3. The regular form of the area over which a shower dis-






CHAPTER VI °

SIZE OF METEORITES

The largest individual meteorite known is one of the Cape
York, Greenland group (Fig. 14). It is an iron meteorite
weighing 3615 tons. Its principal dimensions are: Length,
10 feet, 11 inches; height, 6 feet, 9 inches; width, 5 feet, 2
inches. The meteorite had long been known as a mass of
iron to the natives of the region where it occurred, but it
had not been seen by white men until Lieut. Peary visited
it in 1895. It lay on the shores of Melville Bay, 35 miles
east of Cape York, Greenland. The Esquimaux had
christened it “Ahnighito,” meaning the “Tent,” in allusion
to its shape and size. About four miles away, lay two other
large iron meteorites which were undoubtedly individuals
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Fi6. 14— Cape York, Greenland, the largest known meteorite. Weight, 365 tons.
54
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of the same fall. All of these meteorites were brought to
New York City by Lieut. Peary in 1895 and 1897.

The next largest meteorite to ‘“ Ahnighito” is that of Ba-
cubirito, Mexico (Frontispiece). This is also an iron mete-
orite. While it has not been weighed, its estimated weight
1s 27 tons. Its dimensions as given by H. A. Ward, are:
Length 13 feet, 1 inch; width, 6 feet, 2 inches; thickness, g
feet, 4 inches. As its shape is much less compact than that
of the large Cape York individual, these dimensions are not
of much service in comparing the masses of the two bodies.
The existence of this meteorite had perhaps long been known
to white men, but it was first brought to scientific notice by
Prof. Barcena in 1876. Later the meteorite was visited and
described by Prof. H. A. Ward. The mass has never been
moved from the locality in the state of Sinaloa, Mexico,
where 1t originally fell.

Two masses of meteoric iron from Chupaderos, Mexico,
which together weigh about 26 tons, must be placed next
in the scale of size. Although these two masses were found
a few hundred feet apart, the character of their surface
showed that they were a single mass before falling. The
dimensions of this mass were: Length, 12 feet; width, 7 feet.
As separated, one of the masses had about twice the weight
of the other. These irons were first located by Europeans
as early as 1582 and were removed by the Mexican Gov-
ernment to the City of Mexico about 1880.

Following these masses in size comes that of Willamette,
Oregon, an iron whose present weight is about 151 tons
but the original weight of which was undoubtedly much
larger. The dimensions of the mass are: .Length, 10 feet,
315 inches; breadth, 6 feet, 6 inches; height, 4 feet, 3 inches.
The mass is conical in shape and lay for an unknown length
of time in a dense forest with its base uppermost. The
climate being very moist, conditions were favorable for a
rapid oxidation and decomposition of the iron and as a
result great cavities (Fig. 15), were formed in the mass which
have considerably decreased its original weight. The size
of one of these cavities is described by Ward as 3 feet long
by 10 to 15 inches across and with an average depth of 16
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inches. Many other such cavities of nearly equal size occur.
This mass was moved to New York City in 1906.

An iron meteorite of a similar form to Willamette but.
smaller and little if any affected by decomposition 1s that
of El Morito (San Gregorio), Mexico, the weight of which
is about 11 tons (Fig. 16). The dimensions of this meteor-
ite are: Length, 6 feet, 6 inches; height 5 feet, 6 inches;

Fic. 15.—The Willamette meteorite showing cavities produced by terrestrial
erosion and solution.

breadth, 4 feet. The existence of this iron was known as
early as 1600 and in 1821 a Spanish inscription was cut on it
which (translated) read: “Since no one in the world could
make it, only God with his power this iron can destroy.”
About 1880 the meteorite was removed with several others
to the City of Mexico.

Between this and the meteorite next in size a considerable
gap in weight intervenes. The Bendego, Brazil, meteorite
which comes in this place, weighs only about 5 tons. Itis of
a flattened, forked shape, its extreme dimensions being:
Length, 7 feet; width, 4 feet; thickness, 2 feet. The meteor-
ite is said to have been dlscovered in 1784 but was not
described till 1816. In 1888 it was moved to Rio Janeiro.
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The next largest meteorite in size comes from Australia,
and is known as Cranbourne. Several masses occur of this
fall, of which the largest weighs nearly 4 tons. It is of
rounded form and is now in the British Museum.

Next in weight ranks another Mexican iron found not far
from those of Chupaderos. This 1s known as Adargas or
Concepcion. It is of flattened form and has the dimensions:

Fic. 16— El Morito, Mexico, meteorite. Weight, 11 tons

Length, 3 feet, 10 inches; breadth, 3 feet, 1 inch; thickness;
I foot, 2 inches. Its weight is about 3 tons. According
to an inscription on the iron it was found in the year 1600.
It 1s now in the City of Mexico.

The second largest individual of the Cape York fall ranks
next in size. This i1s of conical form and weighs nearly
3 tons. From its shape it was christened, by the Esquimaux,
the “Woman.”

Another Mexican meteorite comes next in size. This is
the meteorite of Casas Grandes, which was found carefully
wrapped 1n coarse linen in some ancient ruins in the state of
Chihuahua. It is of lenticular form and has the dimensions:
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Length, 3 feet, 2 inches; width, 2 feet, 5 inches; height, 1 foot,
6 inches. The weight of this meteorite 1s nearly 2 tons, and
it is now in the United States National Museum.

The last of known meteorite individuals whose weight
exceeds 1 ton i1s from Quinn Canyon, Nevada. This is a
beautifully oriented, conical iron having the dimensions:
Length, 3 feet, 11 inches; breadth, 2 feet, 11 inches; height,
1 foot, 8 inches. Its weight is a little over 114 tons. It was
found in 1908 and i1s now in the Field Museum of National
History, Chicago.

The weights of these masses are shown in kilograms in
the following table as well as the cities in which the meteor-
ites are now preserved.

Weight in Where

Name Kilograms Preserved
Cape York: s 55 805088 LAY (g AEES New York
Bacubiritd . . FivosAEs 2T e Mexico
Chupaderos, 2 individuals 20,881 ...... Mexico
Willamette: -, ;. ianatortd T Y - RENE e New York
El Maricg  .50s AR50 10,000 ......Mexico
Bendego - & . d 2500 W 737 oL A Rio Janeiro
Cranbouwsng - 2 607006 ety Be S London
Adatgae. T SRR 3,325 ......Mexico
Caper Yotk o8 o ninn e 30, T papalo New York
Casas Grandes. [ 7550 | P LA Washington
Quinn Canyon. ........ o - LR O ey Chicago

The above are all irons, and except in one case single
masses. Other large iron masses known are those of
Magura, weighing 13500 kilos, Zacatecas 1000 kilos, Charcas
784 kilos, and Red River 750 kilos. All of these exceed 1n
size the largest stone meteorite, Long Island, which weighs
564 kilos (1200 pounds). Although broken at the time of
its fall this undoubtedly fell as a single individual. The
largest unbroken stone meteorite individual known 1s one
of the Knyahinya shower, weighing 293 kilograms (600
pounds). The mass of Bjurbéle fell as a single stone weigh-
ing about 400 kilos (800 pounds) but it was broken by
striking the earth. The iron meteorites will be seen from
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the above statements to far outweigh the stone meteorites
in the size of single masses, and this would be expected from
the greater resistance to fracture and erosion which their
substance 1s able to exert. None of these large iron masses
have been seen to fall. The largest single iron mass seen
to fall 1s that of Cabin Creek, weighing about 100 pounds.
From large masses all gradations of size occur down
to material of microscopic dimensions. Some meteoric
showers produce large numbers of small stones, others only
large ones. In the shower of Holbrook it was estimated
that over a thousand individuals of the size of grape seeds
fell. Individuals smaller than this are not likely to be
found, but it is theoretically certain that they are formed.



CHAPTER VII
FORMS OF METEORITES

The forms of meteorites seem to depend chiefly on the
amount of shaping which they undergo in their passage
through the earth’s atmosphere. This may in turn depend
partly on their speed of fall, a lower velocity giving a longer
time for shaping. The amount of shaping seems to be
independent of the size of the masses, since large and
small individuals show similar forms. It is also largely
independent of the substance of the meteorites, but there
are some forms acquired by iron meteorites which are hardly
possible to stone meteorites. Meteorites which break up
shortly before reaching the earth present irregular forms
such as a rock broken by a hammer might show. A longer
course through the atmosphere glves an opportunity for
shaping the masses, under the operation of which certain
characteristic forms are produced. These forms may be
enumerated as follows: Cone-shaped or conoid, shield-
shaped or peltoid, shell-shaped or ostracoid, bell-shaped or
codonoid, pear-shaped or onchnoid, column-shaped or sty-
loid, ring-shaped or cricoid, and jaw-shaped or gnathoid;
while among angular forms may be observed cuboidal, pyr-
amidal, rhombohedral, tetrahedral, etc., forms.

Of the above forms the cone-shaped or conoid is the most
common and typical. The cone of such forms is usually low
in proportion to its breadth, but its proportions may so
vary as to approach the bell shape on the one hand or the
shield shape on the other. The form is evidently due to
the greater exposure of the forward corners of the fall-
ing meteorite to the heat and friction of the atmosphere.
These corners, as represented in the accompanying diagram
(Fig. 17), are worn away more rapidly than interior portions.
From the edges to the center the abrading forces thus grad-
ually lessen in intensity and a sloping surface is produced.

60
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This slope is usually somewhat rounded, and the highest
point or apex of the cone is not always situated at the geo-
metric center of the figure. It is probably, however, gen-
erally in line with the center of gravity of the mass. While

\o
|

FiG. 17. Dlagram showing production .of conical form in a meteorite by the
greater exposure of its corners.

it 1s true that this conical form may be largely the result
of atmospheric shaping, it is also true that a meteorite
originally possessing such a form would be turned by the
resistance of the earth’s atmosphere, as has been shown
mathematically by Schlichter,* with its apex foremost. The
subsequent action of the atmosphere would then tend sim-
ply to preserve this form.
*Bull. Geol. Soc. Am., 1903, 14, 112-116.
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Fic. 18.— Front (upper figure) and rear (lower figure) sides of Cabin
Creek meteorite. The contrast in the relief of the two surfaces is
typical of well-oriented meteorites. 3
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While the rear side of such a meteorite is much less
affected than the front, yet here too some shaping seems to
take place, since it is usually more or less concave as com-
pared with the convex front side. A marked difference
in the character of the pittings ts usually also noticeable
between the front and rear sides. Those of the front side
are small, deep, and oval in outline, while those of the rear

Fi16. 19— Front side of Goalpara meteorite, showing radial arrangement of
pittings. After Haidinger.

side are broad, shallow, and more or less circular (Fig. 18).
The crust of the front side is thin and dark in color; that
of the rear side thick, slaggy, and usually of a reddish
or brownish hue. The latter feature shows that the rear
side has encountered less air, since it indicates less oxidation.
Evidence of the passing of currents of air radially from the
apex of the cone is to be seen in the arrangement of the
pittings on the front side, (Fig. 19). These pits are as a
rule elongated, oval, and furrow-like, and broadest on the
side toward the edge. The slope of their sides is commonly
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unequal and the position of the steeper slope is not constant.
The pits do not as a rule merge into one another on all sides,
but follow lineal and radial courses. In size the pits are
usually larger on iron than on stone meteorites, their aver-
age range being from one-fourth to one inch in diameter.
The pits are not usually to be found on the apex of the cone,
the surface there being characteristically smooth. A char-
acteristic feature of the edge where the front and rear sur-
faces of the meteorite join is a thickening of the crust caused

F16. 20.— Jonzac meteorite, showing lateral edge produced by meeting of currents
from front and rear.

by an accumulation of fused matter (Fig. 20). This crust
is also often notably blebby in character. The rear side
also often exhibits adhering particles which have the ap-
pearance of being fragments of crust. Haidinger regarded
these as fragments which accompanied the meteorite from
space with a velocity equal to it and fused upon it when
its speed was lessened. Rath and Tschermak, however,
thought them fragments from the front side of the mete-
orite which were thrown to the rear and fused upon that
surface by hot air streaming into the space behind.

Many large meteorites, and especially iron ones, exhibit the
conical or conoid form in a high degree. Among such large
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iron meteorites may be mentioned El Morito, Willamette,
(Fig. 21), Quinn Canyon, and Cabin Creek.

The iron meteorite of Cabin Creek weighs about 100
pounds. Its front or apical side 1s covered with numerous,
deep, elongated impréssions one-half to one inch in diam-

Fic. 21.— A conoid or cone-shaped meteorite. Willamette. Weight, about
I5 tons.

eter. The apex is free of crust, but from it fused threads of
the substance of the meteorite run radially. These threads
are hair-like in thickness and from one to four inches long,
and may be traced, according to Kunz, on the slope and
bottom of the pits. The rear face is relatively flat and
shows broader, shallower pits than the front. These pits






Fic. 23.— Side (upper figure) and front (lower figure) views of the Bath
Furnace meteorite. This 1s a well-oriented stone meteorite weighing
about 180 pounds. The symmetrical arrangement of the pittings is well
shown.
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individual weighing 180 pounds and covered uniformly with
a black crust. On the front side appears the usual smooth
apex with rows of pittings radiating from it. The rear side
1s relatively smooth.

Variation of the conical shape produced by a diminution
of the altitude of the cone gives, as has been stated, shield-
shaped forms. Of this form the N’Goureyma and Algoma
meteorites furnish excellent examples. Both of these are
iron meteorites. The N’Goureyma meteorite is 22 inches
long and 11 inches broad, and its greatest thickness 1s 314
inches. Its outline seen broadside is very irregular and the
boss of the shield is placed near one end. The front or boss
side 1s convex and marked by small, deep, rounded pits,
the walls of which often exhibit smaller pits giving them a
pockmarked appearance. Fine, furrow-like depressions also
give this surface a scale-like semblance. Contrary to the
usual rule, the crust is rougher and darker on the front than
on the rear side. The pits of the rear side are large, shallow,
smooth, and elongated. Cohen was of the opinion* that the
original form was more symmetrical, but that it was strongly
modified by the erosion of the air. On account of drift
markings seen on both surfaces he also concluded that the
meteorite moved through the air at an acute angle to the
direction of its motion. Hobbs,T however, urged that the
drift markings on the rear side were plainly the result of air
currents forced through two holes in the meteorite, since
they were found only in the area peripheral to these openings.
It 1s highly probable, therefore, as Hobbs concluded, that
the meteorite took the broadside attitude in its flight.

The outline of the Algoma meteorite (Fig. 24), on its
broadside is roughly elliptical with axes of 10 and 6 inches.
Its thickness varies from about one inch near the geometric
center, to knife edges at several points. A few large, shallow
pits occur upon the front side, but a more remarkable fea-
ture is a complete series of radial furrows extending over the.
surface from the center outward. These are knife-like edges
from one-fifth to one-tenth of a millimeter in width at the

*Am. Jour. Sci., 1903, 4, 15, 254.
tBull. Geol. Soc. Am., 1903, 14, 108.
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base, separated by furrows from one to two millimeters wide.
The ridges are modified somewhat in their course by the
structure of the meteorite, but in general pursue a rectilinear
direction with a slight curve to the left. On the rear side the
surface is concave and a number of broad, shallow pits ap-

T ey,

F1G. 24— Front and side views of Algoma, a peltoid or shield-shaped meteorite.
An iron meteorite. Weight, 9 pounds.

pear but the ridge-like markings of the front side are entirely
absent.

Somewhat similar in form to the shield-shaped or peltoid
meteorites are the shell-shaped or ostracoid meteorites but
the origin of the ostracoid form is probably quite different
from that of the peltoid form. Ostracoid meteorites are
thin and extended, concave on one side and convex on the
other, with much more marked curving than in the peltoid
meteorites. Instead of owing their form chiefly to atmos-
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pheric shaping, the ostracoid meteorites are probably pri-
marily shaped as a scaling from some larger body. Many
of the Canyon Diablo meteorites show this shape to a marked
degree. The best illustration among stone meteorites is
Butsura, which fell in several pieces which, when put to-
gether, made a well-marked shell shape. Such a shape is ill
adapted to withstand atmospheric resistance, and hence rup-
ture of the individual is likely to occur.

If the apex of the cone be raised, and the side slope be
concave, a bell-shape or codonoid form will be produced, of
which several meteorites afford illustrations. One of the
best shaped of these is the Durala meteorite. The height
of this meteorite is 7 inches; the diameter of its base 10
inches. The outline of the base is triangular rather than
circular, but the angles of the triangle are considerably
rounded. The surface of this meteorite 1s almost uniformly
smooth and shows little or no contrast in appearance be-
tween front and rear sides.

By being elongated still more in the direction at right
angles to its circular outline the bell-shaped or codonoid
form passes into the pear-shaped or onchnoid form. Only
iron meteorites, so far as known, exhibit this shape. Among
these Boogaldi and Charlotte furnish excellent examples,
(Fig. 25). In meteorites of this shape the orientation
changes. The large, heavy, blunt end is now foremost, the
small, pointed end at the rear. That such is the position of
these meteorites in falling is shown beyond a doubt by the
markings on Boogaldi. At the thick, heavy end of this
meteorite, well-defined concentric zones of fused oxides may
be seen, with transverse furrows running in the direction
of the thinner end of the meteorite. The disappearance
of both zones and furrows is gradual and in the same direc-
tion (Fig. 26). Liversidge* regards these zones of oxides as
thrown up by the resistance of the air ““‘just as waves are
formed in water or sand by the wind or at the bows of a
boat.” At the small end of the meteorite longitudinal
ridges and furrows may also be seen in a “skin” of fused
oxides. These have the same direction as the furrows at

*Proc. Roy. Soc. N. S. Wales, 1902, 26, 343.
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the larger end, and there are remains of drops where the
melted material dripped off at the small end. Another
indication that the meteorite moved large énd foremost,
although this evidence is not always conclusive, lies in the
fact that it was resting on this end when found. The length
of the meteorite is § inches and i1ts diameter at the large end

F16. 25.— Onchnoid or pear-shaped meteorites. Charlotte at the left, Boogaldi
(from a cast) at the right, Both are iron meteorites. Charlotte weighed 9
pounds; Boogaldi, 5 pounds.

3 inches. The surface in general is smooth and shows no
pittings except for the furrows referred to. The continuity
of the etching figures to the edges of the meteorite as seen in
section (Fig. 27) shows that the form of the meteorite is due
to erosion.

The Charlotte meteorite is about the size and shape of
Boogaldl, but somewhat more flattened laterally, and one
side is concave. No markings such as those which so dis-
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Fic. 26.— Forward end of the Boogaldi meteorite showing waves and ridges
formed on its surface by fusion during its fall. Enlarged 1.7 diameters. After

Liversidge.
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Fig. 27.—Etched section of the Boogaldi meteorite. The continuity of the
etching figures to the edges of the mass shows that the form of the mete-

orite has been produced by erosion. Enlarged 1.3 diameters. After
Liversidge.
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tinctly orient the Boogaldi meteorite seem to have been
observed upon Charlotte, but it 1s highly probable that its
position in falling was likewise with the large end foremost.

If the meteorite 1s still more elongated and acquires a
somewhat convex instead of a concave curve in the direc-
tion of its length, a column-shaped or styloid form like that
of the Babb’s Mill meteorite (Fig. 28) will be produced.
The length of this meteorite is 3 feet; breadth 10 inches,
and thickness 6 inches. It weighed 290 pounds. It was
thought by Blake, who originally described it, that this

Fic. 28.— Babb’s Mill. A styloid or column-shaped meteorite. Length, 3 feet.
Weight, 290 Ibs.

meteorite was a residual nodule of an irregularly shaped
mass from which the irregular portions had been thrown off
by terrestrial weathering, but it seems quite as likely that
the form was acquired 1n falling.

Of ring-shaped or cricoid forms among meteorites but a
single example seems to be known, that of Tucson (Fig. 29).
This meteorite is in the form of a metallic ring, the exterior
diameter of which varies from 49 to 38 inches and the
interior diameter from 265 to 23 inches. The width of the
thickest part of the ring 1s 1724 inches and of 1ts narrowest
part 234 inches. The greatest thickness at right angles to
the plane of the ring is 10 inches. It will thus be seen that
the ring is somewhat irregular in form, but a general ring
shape is well exhibited. There are no oriented pittings
upon the ring. As to the origin of this ring, opinions differ.
Haidinger concluded* that the meteorite rotated in its

*Sitzb. Wien. Akad., 1870, Bd. 61, II, p. 506-511.
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descent and that thus a hole was bored through it by the
air. Observation of the action of the air upon other meteo-
rites does not confirm this view, however. It 1s more prob-
able that the ring existed preterrestrially as a portion of an
otherwise stony mass and that the stony portion fused or
fell away in the passage of the mass to the earth. This
view 1s rendered somewhat more probable by the fact that
the iron conta