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THE CHICORAMETEORITE

By F. W. Preston

On June 24, 1938, at 6 p. m., eastern standard time, the weather

over western Pennsylvania from the West Virginia border {lY north

to Oil City {2) was fair. Over the central area, the southern part of

Butler County, the sky was blue and cloudless (S) ; north and west

were cumulus clouds {Ii), which in the v/est approximated thunder-

heads (5, 6) and in the north, a few miles from Butler City, the ceiling

was low and apparently somewhat solidly overcast (7). At Pittsburgh, 2

hours earlier, the sounding balloons from the county airport had been

lost to sight a little above 4,000 feet (above sea level) by reason of

cloud {8). The winds were light, both at ground level and aloft {8).

The crows had already assembled for their nightly roost in the

hemlock woods of the overcast area a few miles north of Kaylor, Pa. (5),

but the chickens near Chicora were still scratching in the fields {10),

and the geese near Cooperstown were still swimming on a pond {11).

The sun was fanly well up in the sky {12), but it was past business

hours: In Butler it was 6 p. m.; in Pittsburgh and the valley towns

nearby it was 7 p. m. by daylight saving time. People were gardening,

golfing, swimming, playing baseball or tennis, or sitting on their

porches listening to the news broadcast over the radio, and some were

just sitting. A few seconds before 6 p. m., as the broadcast was
changing {5, 6, 13), a brilliant fireball flashed across the sky from

1 The italic numbers in parentheses refer to the list of observers on pp. 401-402.
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southwest to northeast; and a few seconds past the hour Butler City and

the northern part of Pittsburgh were rocked by a terrific explosion, like

a long-drawn thunder roll.

The flash was seen sidelong by some who did not actually witness

the meteor; they took it for a lightning flash, though a queer one,

and glanced at the western thunderheads. Then the roll came in:

the ground seemed to shake as one sat upon it in the garden (14);

windows on the east side of the building rattled as if they would

never stop (15); at Pittsburgh windows were reported broken (16),

though the writer has not verified this. It was realized that this was

not thunder. Some thought the boilers in their cellars had exploded;

others concluded that a dynamite truck had blown up, as happened a

few years earlier just outside the town; then since neither the one nor

the other could account for such a massive sound, the rumor spread

that the powder magazine at West Winfield had exploded. The
rumor was shortly killed by the testimony of eyewitnesses that a

great meteor had shot across the sky, in brilliance rivaling the sun

(17), which was still high enough in the heavens, and leaving behind

it a trail of smoke far whiter than the cumulus clouds beyond it in

the north (4).

The sound of the explosion caused some to believe that the meteor

broke into two pieces over Bakerstown (18), and there were reports

that a part was actually seen to break off and go in another direction;

but the most trustworthy evidence is that there was only one smoke
trail, and the "explosion" is naturally accounted for by the sudden
expansion of the air in the hot trail and not b}^ a shrapnel-like explosion

of rending rock.

Toward the end of its trajectory the meteor passed into the over-

cast area and was observed as a great swirling in the clouds (7) or as

something ripping the clouds to pieces (19). The country is here

sparsely populated, rough, and forested, with deep rocky ravines.

Just to the west lies the oil-refining country of Petrolia, and people

supposed at first that the oil tanks were blowing up. The main
mass of the meteorite has not been located in spite of much searching.

The probable point of impact as determined from the trajectory

seems to agree well with the testimony of witnesses busy near the

spot, and with the absence of testimony from the river valley towns
just beyond, but in spite of much searching nothing has been found,

for the country is densely covered with forest and other vegetatioPj

and the hillsides are so steep that one must hang onto the trees in

places in order to keep upright. What has been found are two small
pieces (pi. 54) shed from the main body several miles ahead of the
theoretical impact point, and really "discovered" by the chickens.

These are the pieces reported upon in detail in the other sections of

this paper.
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The belt of country over which the meteor was observed is a long,

narrow one. The soutliernmost point reporting is Nineveh, Pa. (see

map, pi. 55), and the northernmost is Titusville. From these points

the meteor was seen, but not heard. At Washington, Pa., the meteor
was observed by several people but was not heard, although a power-
ful smell of sulphur was reported 15 or 20 minutes after the apparition.

Most of the observers were somewhat directly on the track of the

meteor, i. e., under it to the south or beyond it at the north end, and
only a few were sufficiently to one side of it to provide good inter-

secting shots upon the trajector3^ However, a couple of good obser-

vations were obtained from eastern Ohio, and there were some, a
little less accurate, from points east of the trajectory.

The time of day and year and the climatic conditions were favor-

able for the phenomenon to be observed by many witnesses. A con-
siderable number of them have been interviewed in order to get the

best possible estimate of the trajectory, in hope of locating more
pieces of the meteor, and also to get the most accurate description

possible of the phenomenon, for it will surely be rare for a great

meteor to fall so obligingly in full view of thousands of witnesses

spread over so wide an expanse of fairly well populated country.

From their reports, the trajectory has been reconstructed (let us

hope without too great inaccuracy) as described later, and illustrated

(map, pi. 55). Some of the observers add interesting details.

The meteor passed like a flash, leaving behind it a very narrow
trail of smoke like a pencil mark on the blue sky (17); almost instantly

(the observer estimated IK seconds) this expanded sideways until it

was about wide enough to block out the moon (the moon was not
visible then). Another observer reports a spiraling (11) of the smoke.
Two independent observers report the smoke as drifting slightly to

the northwest. In these latitudes, the upper air currents are some-
what persistently /rom the northwest. The "winds-aloft" report from
the United States Weather Office in Pittsburgh fails to indicate any
such drift, and either observers are in error or some local disturbance

affected the smoke, or the Weather Bureau observations are incom-
plete. At noon and at 4 p. m. on June 24 the Bureau's observations

were obstructed by cloud at 4,000 feet.

After the fireball passed Coopers town, and before the sound arrived,

a large flock of geese, swimming on a pond, all left the water, climbed

onto the land, flapped their wings, and honked furiously (4> iU ^0).

At Chicora, a farmer (10) was sitting on his porch when there

came a sound like an approaching airplane, and a great gust of wind.

The chickens in a nearby paddock were wildly excited and objected

to something in their midst, but a search failed to disclose what it

was all about. Next day, hearing of the meteorite, the farmer searched
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again and discovered two pieces of it, the larger about half the size

of a man's clenched fist, the smaller, half that size. They were

stony meteorites, the outer skin melted, resolidified, and slightly

cracked, and they were buried 2 or 3 inches in the grass roots. The
impression fitted the stone well, and the stone appeared to have fallen

vertically. The farmer reports no flash of light or roar of thunder,

but only a noise like an airplane and a great gust of wind. In a

neighboring field a cow was discovered to have its hide torn down-
ward as if struck a glancing blow by a falling stone, and it was neces-

sary to have a veterinarian tend to it.

Other observers in the neighborhood of Chicora and just north of

it heard no thunder roll, but some report hissing sounds. One ob-

server, however, an 8-year-old child {21), spoke of the meteor as "the

wheels of the thunder wagon."
Twenty miles farther on, at Oil City, a group was playing tennis,

A foreigner yelled "Starfire!" and several observers saw the fire

approaching, but falling short of them behind the housetops. The
compass observations of their reports place the object rather remark-

ably west of most of the other ''shots" and extraordinarily high in

the sky. At present neither of these facts can be accounted for(^^).

At Reno, a few miles west of Oil City, a jeweler {23) observed the

fireball approach. It fell, he said, just across the Allegheny River in

a deeply wooded ravine. It left a trail of smoke, which slowly drifted

away. Nothing was heard, but the azimuth of the "shot" traces a

line to Chicora, At Franklui also {2 4) the thing was observed in the

direction of Chicora, Still farther north, at Titus ville, a business man
{25) in his office happened to notice it, and his observations place it

over northeastern Butler County.
In the west, on the East Palestine golf links across the Ohio border,

golfers {26, 27) saw the streak across the eastern sky. On the lower
Allegheny, around Oakmont and New Kensington, observers {28, 29,

30) saw it in the north. But so far practically no one has been found
who saw it against the western sky; east of the trajectory we gel no
reports. This is unfortunate for the accurate locating of the trajec-

tory. The explanation probably is that the sun was low in the west
(18° above the horizon), and if the sky was clear in the west the meteor
would not be seen against the smi. And where the thunderheads,
black and threatening {5, 6), obstructed the western viev/, the cloud
of smoke would not be visible because the sun would not be shining
on it, while the flash would be taken for lightning in the west.

The smoke trail, of vaporized rock, lasted in a clear form for at
least half a minute. Yet observers differ greatly in their accounts of
it. One man {34) thought it was airplane skywriting and spent his

time looking for the airplane in front of the smoke. Another {32) did
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The two individuals of the Chicora fail. The larger weighs 242 grams, the smaller 61 grams.
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Plate 55

Terrain covered by witnesses. Circles represent locations of some of the witnesses; thin black

lines represent their observations onto the trajectory; broken black lines represent estimates

q{ the top of the visible smoke trail. Thick black line represents estimated path of meteor

as seen in plan from top of visible trail to its end. Broken continuation of line to northeast

represents reports of "swirling clouds," "clouds torn apart," "crows deserting roost," etc., up

to the point where in the absence of atmosphere it is estimated that the meteor would have

hit and where parts of it may be.

Observations from the north are nearly all lofted into the air and are too high in elevation as

compared with those from the south, east, and west.

Scale: /2 inch=10 miles.
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not notice it till it was all there, and since it reached the ground in

the north, but not mthe south, he concluded it was some sort of rocket
that started in the north and traveled southwest into the sky. One
witness (11) reports that the trail had a spiral track in it, and others

(7, 19) describe it as "twisting clouds" or a "swirling streak in the
clouds." One (5) reports that the track was confined to a narrow
strip near the zenith and did not go anywhere near the horizon, while
others (6, IS) in his immediate neighborhood traced it to the horizon.

However, the former is not alone, for from other points an airplane

pilot (34) reports the trail as stopping short of the northern horizon as

seen from the Butler Airport, while an observer near Chicora insists

that the trail broke up and did not descend to the ground. One
observer (31) msists that the trail crossed the sky completely but was
intermittent. Observers near Mars, Pa. (18), thought the meteor
broke up near them, but so did people in Pittsburgh. This variance

is probably due to the effect of the roar of the "explosion," which they

were psychologically unable to dissociate from the notion that the

thing must have blowm to fragments. The roar comes from the

sudden expansion of the very much heated air and boiling stone, not

from an explosion of solid matter.

The meteor, as shown by its track, had passed around the sun and
was now receding from it, when it overtook the earth. The difference

in the two planetary velocities was presumably a few miles a second,

from astronomical considerations. This is roughly 10 times the

velocity of somid m air. The meteor was not spherical, but flat or

irregular, and rotating rapidly, if we can judge by the spiraling of the

trail.

The resistance of the air slowed it down and raised its surface

temperature to brilliant incandescence "like the sun." The limit is

set by the melting and boiling of the stone, which would probably be

in the neighborhood of 2,000° C. This likewise sets a limit to the

temperature attained by the surrounding air.

The pitch of the sound near Butler was a deep roar like thunder;

at Chicora, a sound like an airplane; at Kaylor, a hiss. A proper

interpretation of the sound might yield interesting results. (See

section by Randolph.)

The meteor passed completely unobserved at the Pittsburgh County

Airport. It was, however, observed at the Butler (Alameda) Airport

by several persons. The Pittsburgh-Butler Airport was not checked.

A pilot (34) in a small open plane was flying over Butler when the

meteor went by, but he had his back toward it and saw nothing till

he landed, when the smoke was still visible in the sky. This was

probably a minute or two later, at the earliest. Such a result is to

be expected, with the calm air conditions reported at lower levels.
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The pilot of a Pittsburgh-Buffalo plane, which should have taken

off at 6 p. m. sharp from Pittsburgh, reported no observations of the

meteor, though if visible at all it should have been conspicuous from

the copilot's seat, particularly if the trail endured for a couple of

minutes.

Pittsburgh proper, however, turned in several reports of the meteor,

though the Pittsburgh Airport, 6 or 8 miles to the south, missed it

completely. These Pittsburgh reports, some of which are excellent,

did not reach me till Feburary 1, 1939, half a year after the event.

They had been sent to Canada or to Philadelphia and were finally

forwarded to me by Dr. Charles P. Olivier, of the Flower Astronomical

Observatory and director of the American Meteor Society.

Pointed ends fell,
back into cloud

' Shane.

GEMERALAPPEARANCE
AT EXPLOSION

'Very high—
about 10
mllea
north. Floating southward very

slowly; evidently not
nrach wind.

Clouas were traveling
west to east at same
time.

Figure 19. —Sketch of clouds and explosion as noted from "north side" Pittsburgh.

An observer (36) on the "north side" of the city (i. e., north of the

Allegheny River) reports on June 26: "Myself and young son wit-

nessed this phenomena. Weusually watch for an airplane that Hies

over each night shortly after 7 o'clock (D. S. T.). Scanning the skies

we saw this flash, then a puff of smoke, thin-pointed skyward, much
thicker in the center with a jagged-edge appearance, and smooth
thin-pointed earthward; called wife from house who witnessed and
verified belief in smoke theory instead of cloud. About 1 or Iji

minutes later heard explosion much louder and higher than fireworks

bomb, and watched smoke assume appearance of a cloud drifting

slowly southward and disintegrating over a vast space; smoke wns a

vivid white." Figure 19 is a copy of his sketch. The time interval

(1-1}^ minutes) is probably somewhat underestimated. The sketch

shows the smoke moving eastward, but reports it moving southward.

It also mentions clouds.

From Oakmont, which is about 10 miles from downtown Pittsburgh

in a direction somewhat north of east, the wife of a science teacher
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reports a time delay of 1 minute. The explosion shook houses, and
people ran into the street to see where the explosion was. The time
is reported as 7:30 p. m. (E. S. T. no doubt, but in any case half an
hour in error).

Leo J. Scanlon, secretary of the Valley View Observatory, Pitts-

burgh, obtained information from John Dcngler, of north side Pitts-

l)urgh: "Time of passage (about) 7:10 p. m., D. S. T., June 24, 1938.

Direction: Headed 30° east of north (from compass bearing by Scan-
lon). Altitude about 40° when first seen, extremely brilliant head
(about as bright as 200-watt lamp at 50 feet), leaving a bright train

of white smoke, which persisted for at least a minute and a half.

(Others reported it as being visible for about 20 minutes.) Noise:

Sharp and loud report, followed by a rumble, which began at about
the same pitch as the explosion, gradually growing fainter. Noise

heard about 2 to 2)^ minutes after passage of fireball, which was movmg
at a speed of about 45° of arc in 3 seconds (estimated by Leo J.

Scanlon from rehearsal of observer)." The time interval appears to

be getting reasonably close.

An observer at the North Park, some distance out of Pittsburgh,

reports the smoke trail as vertical and in the northeast. This seems

correct, for according to our evidence the meteor passed almost over

the Park before reaching the atmosphere, and was headed more or less

northeast.

Prof. Charles Williamson and W. H. Bessey, of the physics depart-

ment of Carnegie Institute of Technology, observed the phenomenon
fi-om the parking lot northwest of the engineering hall on the campus.

Writing to Dr. Jordan, of Allegheny Observatory, on June 27, William-

son says: ''At 6:58, E. D. S. T., the trail was seen by W. H. Bessey of

this department and myself, from the parking lot northwest of our

engineering hall. Wecan fix the time with some precision because I

looked at my watch and checked it by an electric clock 3 minutes

later. Mr. Bessey, who witnessed the flash, says it was of astonish-

ing brilliance. It appeared in an unclouded part of the sky.

"Today, I took the bearings of some structures belonging to the

United States Bureau of Mines above which the trail appeared. Its

direction was approximately N. 30° E. The trail was almost exactly

vertical as seen in projection; it extended from about 40° to about 25°

above the horizon, widening from the top to, say, 30° above the hori-

zon, and tapering below. This surprised me and made me infer

wrongly that it might be a tracer bullet from some airplane. At its

widest point the trail had a breadth of perhaps 30 seconds of arc.

It persisted for upwards of 30 seconds and showed no noticeable drift.

"We heard the burst at approximately 7:05, but unfortunately I

did not look at mv watch."
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These observations are among the most accurate we have, except

that the trajectory should have sloped somewhat, and not have been

vertical. For the rest it agrees with our general conclusions. Note
Williamson's agreement with Heyl, as to a wide part on the trail.

Thirty seconds of arc is the width of the moon's disk and was about

25 miles from the observer. This implies a trail about 2,000 feet

wide at this point.

R. V. Bergvall, assistant to manager of engineering, Westinghouse

Electric & Manufacturing Co., writing to the Royal Astronomical

Society of Canada, on June 27, says: "I observed a meteor on June 24,

1938, at about 6:00 p. m., E. S. T., from 24 Hillcrest Road, Forest

Hills, near Wilkinsburg, Pa. Thinking that a reasonably accurate

reference might be of value, I spotted the center of the smoke in line

with two landmarks that happened to be available and later measured
the angle, using the location of the North Star as a reference. The
measurements were made with a protractor. The central line of the

smoke appeared 7° east of north and was exactly 40° up from the

horizontal. The smoke subtended about a 15° angle, as closely as I

could judge from memory after having obtained the protractor. The
smoke trail tilted about 5° from vertical, the downward point being

toward the east. The smoke drifted slowly toward the west. My
wife observed the actual flash and reports that it did not reach ground.

I believe that this observation is correct because of the limited length

of the smoke line. The sound of the explosion was heard in about 2

minutes, but this time observation is not at all accurate."

Bergvall notes the slope of the track and places the meteor fairly

accurately in the Chicora region. Mrs. Bergvall's report that the

flash did not reach ground also is true, and the timing is not so far out.

There is the mystery of the smoke drifting toward the west, also re-

ported from Cooperstown and Butler, while Heyl reports it drifting

south, and the clouds drifting east. Possibly the apparent motion is

due, in part at least, to the settling of the smoke.
William A. Knoch writes: "I was sitting on the porch of my house,

7220 Hermitage Street in Homewood, with my sun glasses on just

looking up at the sky, when I was amazed to see a long streak of fire

going across the sky toward the earth at an angle. After going so far

it stopped like somethmg bursting. It continued with another streak

and then ceased. After this bursting there Avas a small quantity of

smoke which contmued to hang in the sky. If you had not known it

was caused by this meteor, you would have thought it was a small
cloud. I thought at first it was a skyrocket that might have been
shot from an ahlmer, but there was none around. I remained in this

position watching the smoke. About 5 minutes later the whole win-
dow behind me shook until I thought the glass would break. I never
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Drawing illustrating the absorption of kinetic energy of the meteorite bv the air.
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connected the two as coming from this source. I thought there had
been an explosion somewhere, and as I had my pohcc radio on I lis-

tened for a fire calj. About 5 minutes later there w^as a report of a fire

on Melwood Street. Once before I had heard an explosion in a garage
on Melwood Street, which had caused a fire alarm to be tm-ned in.

I thought this was a similar case and did not know differently until I

read your account in the paper. Some of the people in the neighbor-
hood thought the Italians on Larimer Avenue were having a celebra-
tion. This meteor was directly north of my home, seemingly up
above Aspinwall."

This confirms the observation from Saxonburg that the smoke trail

gave the impression of being intermittent. It agrees well with the
other observations.

One other report comes from Oil City, beyond the north end of the
track. An observer at Oil City golf course saw both flash and trail in

the southwest, mor^e west than south, but heard no sound. The smoke
trail persisted for about 15 minutes. The observer thought the meteor
might have fallen as far off as West Virginia. This observation agrees

with other Oil City observations in placing the meteor much too far

west. There was apparently something queer about the atmosphere
near Oil City that day.

See plate 57 (drawing of meteor track) and section hereinafter by
Randolph. The thin upper cloud in this drawing would be missed
by Butler observers, and its top might be missed in Pittsburgh, but
to Oil City observers this would be the most conspicuous part of the

track, the lower parts being hidden by terrain features. Oil City

observations give the best indications of the height at which the meteor
first became visible.

The time of the meteor's passing is fixed with considerable precision

at Station KDKA, where the broadcast was just signing off. The
streak was first noticed at 7 seconds before 6 p. m., E. S. T., and the

roar of the "explosion" came in at 24 seconds past 6 p. m. The fire-

ball itself was not observed by these observers {5, 6). One observer

{13) also reports the radio broadcast program as in process of changing

when the meteor passed.

A large number of observers who believed they could indicate the

track of the meteor in the skies, or its point of disappearance below

the horizon, have been interviewed, and transit observations taken of

azimuth and altitude. The azimuth is obtained from magnetic north

but is corrected to true north before entry in the table. Someof these

observations are much more accm-ate than others, owing in some cases

to more careful observers but often to topographical featm'es that pre-

clude serious errors, either as to the position of the observer or as to

the features on the horizon. Accordingly, we have tried to label the

292784—41 2
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observations as of A, B, C, and D grade, in respect of either azimuth

or altitude. An A grade means that we think the probable error lies

within ±1°; B, within ±3°; C, within ±10°; D means we think the

observations qualitative only, or in serious error. In attempting to

rate the observations this way, we may ourselves be in error or

prejudiced.

Table 1. —Transit observations of the track of the Chicora (Pa.) meteorite

Grade
Elevation

|
of obser-

vation

Mrs. Meyers '.

Martin Reiber

O. B. (Bud) Williams '

W. H. Enoch

Dale Rudert.

PeteWeiland.

Richard Williams.

Paul WUliams....

Harold Miles

Don Miles-

Carmen Curcio.

Mat Whitlock..

Frank Kuba.

Mrs. Frank Kuba....

Mrs. J. A. Llewellyn.

Dr. J. A. Llewellyn-.

Mr. Honzo

Kenneth Walborn.

Mrs. William Clarkin.

Thomas Monks
S. B. Dengler
Dean Bell

Jay Sproul.

lome of Moody, Kaylor-

-..do-

Kaylor_

Sa.xonburg-

Jj mile southwest of Woodbine (But-

ler).

Lat. 40°54' N., long. 79°49.2' W
.do_

Lat. 40°46^' N., long. 80°32' W.

Lat. 40°52' N., long. 75°57' W.

Hafley P. O., near Oakmont .

i mile north of Oakmont, lat. 40°31.2'

N., long. 79°4.S.5' W.
—do...

Near Cooperstown

.-..do

Station KDKA, Saxonburg.

.-..do

Lat. 40°35.5' N., long. 79°43.5' W.

Oil City

Homeof Henry Weil, R. F. D. No. 1,

Earns.
Titusville

Wyattsville

Nineveh, lat. 39° 59' N., long. 80°21' W.

Degrees

7

209

65

86,1

132?^

78^2

214

34

194

28

80

16

23

12

31

255

76

60

220

90

103

79

117

43

2J

351

30

mi
6

17

17

17

340

206

176

351

282

188

162,1-^

Degrees

25

16

Above 333i

Above 45

Above 43

Above 41

21

20

24

26

75

17}

63

29

20

22

50

15

52

25

32

11

67

36

273^

10

33

9

3132

50

31

43

50±5
15±5

Did not see actual meteor, but swirling clouds.
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Having obtained these bearings of the smoke trail, reconstructed

from memory alter a lapse of some weeks, we have plotted them on the

United States topographical survey, 1/62,500 scale (roughly 1 inch to

the mile), by means of strings stretched in the air above the maps, and

in this way have tried to locate the correct trajectory (pi. 56). It is to

be assumed that the trajectory will be nearly a straight line, and quite

straight as seen in plain view.

The first sound of the "explosion" reaches a given spot on the

ground, from the nearest point of the trajectory, or very nearly, since

the meteor is traveling many times as fast as the velocity of sound.

The succeeding sustained roar is due to the expansion of the air in

both earlier and later parts of the trajectory. If the time interval

were known with precision in any case, the length of the radius vector

to the nearest point on the trajectory would be known with fair

accuracy.

Ai'ound Chicora the time delay is reported as very slight. At

Butler it was reported as about 8 seconds after the track was seen to

expand {17), but that is probably an underestimation. At Station

KDKA (Saxonburg), where the radio operators are extremely "time-

conscious" and know exactly at what stage the signing-off of the

program stood, the delay was at least 31 seconds. At Cooperstown

one observer {11) saw the flash, and then the trail, and immediately

called wildly for another {35) to come and look. The latter young lady

was in the locker room, getting dressed for swimming, and ran out

as soon as she could. She arrived ahead of the thunder peal by at

least several seconds. I had her reenact the scene from the same

degree of dishabille in the locker room, and she was out in 24 seconds.

This sets a minimum limit, but the general belief of the four persons

present was that the explosion was delayed a good many seconds

beyond the 24. This places the trajectory at least 5 or 6 miles away.

Beyond agreeing with the KDKAreports, these observations are of

httle help.
PROBABLETRAJECTORY

Plate 56 shows a map of the central part of the terrain in which

the phenomenon was observed, and the thin black lines are black

threads representing observations, with a "transit" (theodolite) from

various places on the ground, of the line of sight to some point on the

smoke trail. Each thread arises from a thumbtack representing the

position of the eyewitness, who was then asked to set the instrument

on the highest point of the smoke trail and on the lowest point, as

nearly as he could remember.

If every observer had been accurate, or if each could have had a

transit all set up and ready to take the observations when the meteorite



398 PROCEEDINGSOF THE NATIONAL MUSEUM vol.90

appeared, then all the "shots'' would cross on a straight line sloping

down from southwest to northeast. Since all observers, under the

actual circumstances, are in error by gTcater or less amounts, the

problem is to get as good an intersection as possible from a great

number of "shots," none of which are exact. This was done by first

rejecting observations that did not fit at all, and then sighting among
the remaining threads till they appeared to cluster into a small bunch.

The photograph (pi. 56) is taken down this line of sight, which we
assume to be the approximate trajectory. This trajectory descends

at an angle of 31° to the horizontal and bears 33^^ east of true north.

The horizontal trace of this trajectory is shown in the figure; the

trajectory itself, since we are looking down on it, is a single spot

marked by the north end of the trace. The small circle, on the

trajectory trace, represents the place near Chicora where the fragments

were recovered.

It will be observed that, with one exception, the threads do cluster

fairly well when seen from this position. However, moderate shift-

ing of the point of view and moderate changes of azimuth and angle

of descent give intersections nearly as good, so there is some sub-

stantial uncertainty on all these points.

POINT OF IMPACT

According to the map, the meteor, unless entirely frag-mented,

should have passed a good many miles beyond the place where the

two fragments were found, and should have landed within a short

distance of the Allegheny River, in wild wooded country with pre-

cipitous ravines. A canvass of every farmhouse in this district

indicates that very likely it did reach this region.

It appears that in this district the sky was overcast, presumably
with clouds not higher than 5,000 feet above sea level or about 3,500

feet above the ground. A party of young baseball players (7) report

hearing a hissing sound and, on looking up, noticing a great swishing

in the clouds. Not far away two women report seeing the clouds

ripped to pieces.

In a precipitous valley clothed largely with hemlock trees a flock

of crows is accustomed to roost, and they had already assembled that

evening by 6 o'clock. One woman noticed that on the arrival of the

meteor the crows all were protesting and flew away, and another
farmer's wife observed where the birds spent the night some distance

away. They returned to their usual haunt next evenhig and have
been there since.

Beyond this point, in the main river valley, there are no reports of

the meteor, and there is every reason to believe it did not cross the
Allegheny River.
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On the evidence of the crows, and the apparent ti-ajectory, Mr.
McCormick has spent many hours searching the ravine in question.
He reports that it is scarcely possible to stand without hanging on to
the trees, and that it takes one man a day to search an acre or two.
His searches have so far proved fruitless. Mr. Aderhold chartered a
small plane and flew over the woods in this district looking for evi-

dence of damaged trees, but he was also unsuccessful. Obviously a
meteor or coUection of fragments weighing many hundreds of pounds
and perhaps tons could fall in such a place and except by accident
never be discovered.

The evidence, however, of the two fragments actually recovered is

that fragments falhng nearly vertically were shed miles ahead of the
theoretical impact point. Since we cannot assume that two small
fragments of stone, weighing a few ounces each and traveling witli a

normal terminal velocity, could have created a sound hke an airplane

or a great rush of wind, it is clear the main meteor lies northeast of the
recovered fragments. But suice there are some miles of territory

between Garing's farm and the theoretical im_pact point, and the
country is mostly under dense vegetation, the prospects of recovery
are not bright.

Theoretical impact point is about latitude 41 °1' N., longitude
79°40' W.

Recovered fragments are from approxim-ately latitude 40°56' N.
longitude 79°44' W.

TOP OF SMOKETRAIL

This is probably a fairly definite point physically and represents

the place at which incandescence reached the boiling or vaporizing

point. Obviously, as this was at a high altitude, the true "boiling

point" would be low, but what is here meant is a point at wliich the

stone had fused to a glass of low enough viscosity to be ripped into a

vapor or dust by the rush of air. This is a fairly definite point, and
observers ought to be able to agree on the position of the top of the

trail, whereas they will not agree on the bottom of it, because this is

usually settled for each observer by obstructions on his horizon.

Unfortunately, while it would have been easy to sight on the top

of the sm.oke trail with a "transit" at the time of the phenomenon,
it would not be easy in most cases to mark the position for future

reference, as the open sky rarely has landmarks. A few observers

saw the trail through the treetops, or past gable ends of houses, but

while these could have been good markers, the observer rarely knew
his own position to v/ithin a few feet, and this makes a significant en-or

of angle.

Taking account of the various situations of the observers, it appears

to us likely that the top of the smoke column actually observed was
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in about latitude 40°45'N., longitude 79°50'W., and at a height of

about 12 miles.

The horizontal trace of the trajectory passes within 4 miles of

downtown Butler, but the meteor was then about 10 miles up in the

air, and perhaps 1 1 miles away in a straight line. The sound of the

meteor (the thunder roll) should therefore have begun approxim.ately

1 minute after the flash. All observers estimate a shorter time, but

the best of them seem to feel their estimates are underestimates.

WIDTH OF THE SMOKETRACK

Several observers near Butler report tlie track to have been, in

their opinion, slightly greater in width than the full moon. As the

full moon is very nearly K°, we may take their estim.ates of the width

as being %°. With the meteor 11 miles distant, this makes the track,

after adiabatic ex})ansion, one-eighth of a mile wide, or about 650

feet.

The observer at Nineveh reported the track about half the width

of the new moon or less. This would make the track a good deal

wider, for Nineveh is far away. Williamson (p. 394) makes it 2,000

feet wide. Heyl's sketch (fig. 19) shows it nearly a mile wide. But
these latter observers were viewing the cloud from the south, and the

part to which their estimates apply is probably not the same as the

part that was most conspicuous at Butler. (See section by Randolph.)

THE SEARCHFOR FURTHERFRAGMENTS

No other fragments than the two small pieces found by AdamGaring

were reported by any of the residents of the area. A few large lumps
of ordinary slag were offered us from south of Butler, and were even

exhibited in a local store window as possible fragments of the meteor-

ite. A number of scientifically inclined or adventurous helpers

undertook to search the region by every available means.

J. M. McCormick and L. G. Ghering, both of the Preston Labora-

tories, traveled every back road of the critical areas and made a house-

to-house canvass for information. This produced some interesting

stories but no fragments. McCormick flew over the area in a small

plane, looking for craters or broken trees, and searched the woods on
foot wherever he saw anything suspicious from the air, but without

result.

George Aderhold, of the Saxonburg Potteries, to wliom we are

indebted for the recovery of the two fragments from Adam Garing,

stationed himself on open hilltops and directed aerial search by two
young aviators (37, 88) . These boys flew over the valleys at so low an
altitude that they located most of the groundhog holes, apparently,

and almost skimmed the treetops. They reported that the ice storm
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of the previous spring; had broken off so many trees and branches of

trees, that anything the meteor miglit have done was in(Ustinguish-

able. Aderhold, Uke McCormick, tried to search the area on foot,

witli equally little result.

The evidence at Garing's farm is that the fragments are compara-
tively small and fell vertically. If they are all alike, the fragments
could do little damage, would not break trees except in the rarest

of instances, and would just about bury themselves in the forest

floor.
THE RECOVEREDFRAGMENTS

Thus it comes about that from, the welter of confused and some-
times conflicting reports the only tangible objects available are two
small black pebbles, the larger not 3 inches long. The ro.aterial in the

smoke trail may have weighed tons, and tons of fragments may have
reached the earth, but all we have, or are ever likely to have, for

detailed examination, are a few ounces now in the United States

National Museum. It seems strange that the whole countryside

could be rocked from Pittsburgh, to Petrolia, a distance of 50 miles,

and that startled observers should see the flaming apparition from
points 200 miles apart, and yet all that should be recovered be so

small a matter. Big noises evidently produce little by way of result.

Small as the fragments are, however, they probably tell us sub-

stantially as much as if we had the whole meteor, for it seems reason-

able to assume that the rest of the meteor was like the samples.
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CALCULATIONSOF THE SIZE OF THE METEORFROM
CONSIDERATIONSOF ENERGY

By James R. Randolph

Kinetic energy from a meteor is absorbed by the air in two ways

:

Part of it goes into the production of the sound waves, and part goes

into heating the air through which the meteor passes, and at the higher

speeds into evaporating the material of which the meteor is composed.

No attempt has been made to compute the energy transformed into

sound. But in the case of the Chicora meteorite it has been possible

to compute the nonsonic, or heat, energy mth what is beheved to be a

fair degree of accuracy, and from this to compute the weight of that

portion of the meteor whose kinetic energy may be assumed as wholly

transformed into heat.

This is possible in this case because there is reason to believe that

the velocity of approach of the meteorite was small compared to the

velocity given it by the earth's attraction, and because its velocity,

which in the upper air may have amounted to about 45,000 feet a

second, had been reduced to loss than 1,000 feet a second by the time

the remains of the meteor struck the ground. Thus the kinetic energy

per pound is laiown. And a way is developed for computing the total

nonsonic energy from the size of the smoke cloud. This permits an
approximate computation of the weight of the meteor.

Observers west of the path of the meteorite describe it as leaving a

smoke trail that looked at first hke a white pencil mark in the sky,

then expanded in about IK seconds to a width that has been computed
as approximately 650 feet. After this it expanded and diffused more
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slowly until it disappeared. Since most of these observers were in

the vicinity of Butler, the estimate apphes primarily to the width
at that point.

Observers south of the meteor path, in the northern suburbs of
Pittsbm-gh, describe the meteorite as forming a very much larger cloud
than was seen at Butler. Williamson's estimates give it a width of

about 2,000 feet, wliile Heyl's (36) show it more nearly a mile in

greatest width. Both these agi-ee in showing a cloud rather thick in

its midheight and tapering off above and below.

This discrepancy may be understood by reconstructing the probable
reactions of the observers, and what thej^ saw and what they missed.
Observers at Butler saw the brilliant meteor flash across the sky.

Their eyes followed it into the north and then traveled back along
the smoke cloud, which was here about 5 miles away and 9 miles up
in the air. Their eyes would then linger on the larger cloud and would
fail to see the smaller cloud above it, which soon disappeared. And
the large upper cloud would be taken for a sim.ple expansion of an
extension of the lower cloud.

Observers to the south, on the other hand, came nearer to seeing

the whole thing at once. They could see it all without turning their

heads. It was greatly foreshortened to them, so that the bigness of

the upper cloud would be more conspicuous. Also the thin-pointed

cloud above it would be more noticeable.

Plate 57 is an attempt to reconstruct the meteor trail as it would
be seen from the west by an observer at an infinite distance. Heyl's

proportions are used, as these have come in the form of a sketch (fig.

19) and hence are possibly more reliable than an estimate of a narrow
angle made after the cloud had disappeared.

The cloud thus has two more or less distinct sections. There is

the upf)er section extending from the 12-mile level to the 10-mile,

having a length of about 4 miles and an average diameter of 3,500

feet. And there is the lower cloud, tapering down from a maximum
of about 650 feet. The path makes an angle of 31° with the horizon-

tal. The dotted line shows the probable trajectory of the small pieces

that fell in the chickenyard at Chicora and suggests that they were

detached in this big cloud. As they were not seen coming down, it

is probable that by the time they emerged from the cloud their veloc-

ity had already fallen to less than a mile a second, which makes this

trajectory about right.

Observers south of Chicora describe the sound made by the meteor-

ite as a thunderclap, very prolonged and violent.

Observers at Chicora compare it to an airplane, or to "the wheels

of the thunder wagon."
Observers north of Chicora call it a hiss.
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An airplane propeller used for a wind tunnel makes the character-

istic airplane sound when at full speed. But this is due to the driv-

ing of the propeller tips at a velocity close to that of sound, since the

electric motor driving it is silent.

The most conspicuous difference between the thunder sound and an

airplane sound is that the latter starts low and rises as the plane

draws nearer, since the plane's speed is substantially less than that of

sound. But thunder starts with the loudest noise, since it is made
by something that is going a great deal faster than sound.

An unstreamlined body traveling at a speed less than that of sound

makes a hissing noise.

From these facts we may conclude that when the meteor reached

Chicora its speed was approximately that of sound, or about 1,000

feet a second. Its speed when it struck the atmosphere was probably

about 45,000 feet a second. Gravity alone would give it 36,900, to

which its velocity of approach must be added vectorially. At this

speed its kinetic energy would be:

% il^F2= 3 1.4X10'' foot-pounds per pound.

Plate 58 shows the way in which the kinetic energy is absorbed by

the air. As the meteor's velocity is far above that of sound, the air

in front of it is very highly compressed and is lieated by the compres-

sion to white heat, probably to well over 2,000° C. Then a sound

wave spreads out from it, like the v/aves from the bow of a boat.

And this sound wave may be white hot near the meteor. As before

mentioned, this sound wave accounts for part of the energy,

which is neglected in the present computation. It also accounts for

the thunderclap heard bj^ observers south of Chicora.

Between the sound wave and the meteor the intensely compressed

hot air rushes back into the vacuum behind the meteor and forms

a turbulent wake. Except for its incandescence, this wliole appear-

ance is similar to that observed in a spark photograph of a bullet in

flight.2

But heat from the air is transferred to the meteor, causing its surface

to melt. The molten matter is carried back into the turbulence, where
it is atomized to form smoke and its heat given up to the air. An iron

meteor loses weight through this melting. But a stony meteor,

through at least a part of its course, does not merely melt. It spalls.

Pieces of the surface are broken off by rapid expansion and are carried

back into the turbulence, where they act as independent small meteors
until finally disintegrated and turned into smoke or slowed to the

point where further disintegration ceases. The latter is what hap-
pened to the two small pieces that were found.

' See National Bureau of Standards Scientific Taper No. oOS.
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This action is complicated, so that the result we are after can be
obtamed more simply by applying the box theorem to the process.
In this case we put the box around the front part of the turbulence,
so that at the front the nonsonic part of the meteor's kinetic energy
is going into the box, and at the rear there is coming out a smoke cloud,
expanded to atmospheric pressure and completely stopped, but not yet
diffused into the surrounding air. As no energy or matter of any
consequence goes in or out elsewhere, and as there is no storage, then
the energy going into the box, in the form of kinetic energy, must equal
the energy coming out, in the form of increased PV energy of the
smoke cloud.

Energy =Pr

where P is the atmospheric pressure, V the volume of the smoke cloud,
T2 the absolute temperature of the smoke cloud at this stage, and Ti

the absolute temperature of the atmosphere.
In this computation the product PV is computed first, and the

t(?niperature brought in later as a correction term. The smoke cloud
is divided into two parts: The "upper" cloud, extending from the
12-mile level down to the 10-mile, and having an average diameter,
from Heyl's sketch (fig. 19) of 3,500 feet, and the "lower" cloud,

extending from there to Chicora. Because it runs through a wide
pressure range, the lower cloud is computed as a series of cylinders,

wliile a single computation suffices for the upper cloud.

For both computations the formula, mEnglish units, is:

PV=LD' ^X144 P^l^^ XD'P.

From top to bottom of the upper cloud the difference m altitude

is 2 miles, and the lower cloud is divided into sections of the same

length. Hence Z= C^^ '*; = 20,700 feet.

For the lower cloud the product D^P is computed separately for

each section ; then these are added and multiplied by the rest of the

equation, which has a value of 2,330,000.

Average altitude (miles)
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For the lower cloud PF-3,896,500X2,330,000=9.3X10^l
For the upper cloud Py=14,950,000X2,330,000=34.8X10*2
Dividing each by 31,400,000 we get the amount of material whose

energy is required to produce each cloud. This is

:

For the lower cloud 296,000 pounds = 148 tons.

For the upper cloud 1,108,000 pounds =554 tons.

Wecan now apply the temperature correction. Temperatures of

the air along the path of the meteor are —51° C, or 222° abs., for the

upper cloud, and about 230° abs. on the average for the lower. The
temperature of the cloud after expansion is roughly estimated at 900°

abs. But the error is much greater than the difference between 222°

and 230°. Hence 230° is used for both, and the temperature correction

factor becomes

900

Hence the weights become, for the lower cloud

:

148X0.74 = 109 tons.

For the upper cloud:

554X0.74= 410 tons.

Total 519 tons.

The shape of the cloud can also give us some idea as to the structure

of the meteor. The lower cloud appears to have been formed by a

single solid, about as compact as the fragments recovered, melting

and spalling at a fairly uniform rate. And that high extension of the

upper cloud, which has not been computed, may be of the same nature.

But the shape of the upper cloud, and its "jagged-edged appearance"
as described b}^ Heyl, suggest that it is of a different nature. Some-
thing seems to have happened at the 12-mile level, which can best be
described as a sudden crushing of a loose outer structure surrounding

the more compact central core. This outer structure weighed 410
tons to 109 for the mner core, which probably gives the proportionate

size of the two, even if we could add the mass reqmred to produce
the sonic energy.

What was this loose outer structm-e?

At the Bureau of Standards is a cross section of a pot of optical

glass that has been allowed to cool rapidly. The whole outer portion

has cracked up, leaving only a few large lumps at the center. And a

large stony meteor, passing near the sun, would probably be similarly

cracked. It would have at least a slow rotation. The side toward the

sun would be heated, and the side away from it cooled, through tern-
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perature ranges comparable to those found on the moon or Mercury.
And because the material is a poor conductor of heat, this alternate

heating and cooling would set up temperature stresses and form cracks

extending deeply into the mass, even as they do into a pot of optical

glass.

If this big meteorite had come straight down instead of at this long

slant, it would have reached the earth with a lot of its structure still

intact and a lot of its energy still in it. And if it had landed on Pitts-

burgh there would have been few survivors. Its kinetic energy of

31,400,000 foot-pounds per pound is more than 20 times as great as

the explosive energy of TNT.
At least its capacity for destruction would have compared favorably

with that of the shipload of TNT that blew up in Halifax Harbor in

1917. And such a catastrophe, or even a very much larger one, can

happen at any time, with no more warning than the observers of the

Chicora meteorite had. But fortunately the energy of this meteorite

had all been absorbed by the air before it reached the ground.

MINERALOGICALDESCRIPTION OF THE METEORITE

By E. P. Henderson

Only two specimens of the Chicora meteorite have so far been re-

covered, the larger one weighmg 242 grams and the smaller 61 grams;

both are deposited in the United States National Museum (No. 1326).

The latitude of the place of discovery is 40°56' N. and the longitude
79044/ ^ Both individuals are covered with a thin film of black

fused crust, and neither shows any evidence of being orientated

through much of its ihght. Shallow and irregular depressions (thumb
marte) are noticeable on each, but no unusual physical features are

present.

When the crust was removed a fine-grained texture was found
exhibiting a rather uniform gray color. All the component minerals

are so small that none coidd be recognized by the unaided eye, unless

it be an occasional inclusion of bronze-colored troilite. On the

freshly broken surface no conspicuous evidence was observed of the

chondritic natm-e of this meteorite, and not until a thin section was
prepared could positive proof of this be given. From the smooth
surface, made by cuttmg away a portion for the thin section, a dappled-

gray pattern is noticeable. The darker gray material is in rounded,

as well as slightly elongated, chondrules or portions of chondrules,

each being separated by a thin zone of lighter gray material. The
texture is just firm enough to make it slightly difficult to break apart

by the use of a steel tool.
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PREPARATIONOF SAMPLEFOR CHEMICALANALYSIS

Material for study was taken iron) the smaller specimen. The
fused crust was removed by using a steel dental pick, and by this same
instrument the central portion was found to be rather easily broken

apart. The material selected was carefully examined to free it from

the crust and then partly crushed and sized by screening through a

140-mesh sieve, and divided it into two portions, one of which was less

than 140 mesh and the other coarser, but still less than 80 mesh. This

step was taken in the hope that it would be possible to separate the

metallic portion from the silicates by using an electromagnetic

separator. There was enough iron dust or magnetic particles asso-

ciated with both fractions to prohibit satisfactory separation by the

electromagnet.

A small portion of the magnetic material was removed from one of

the samples and unfortunately lost. This made it dangerous to

combine the samples again; hence each portion, the coai'se and the

fine, was analyzed as a separate sample. The author does not recom-

mend this procedure for stony meteorites, and if there had been a

greater quantity of material available from which to select a new
sample these two portions would have been discarded and a new one
prepared.

The samples taken for analyses were digested in mixed nitric and
hydrochloric acids for 12 hours. This treatment took into solution

all the metallic minerals, except a grain or so of chromite, and com-
pletely decomposed the olivine. The silica from the olivine along

with the insoluble material was filtered off and the separated silica

subsequently removed from the insoluble residue by digestion in

sodium-carbonate solution. Very little of the silica separated from
the olivine was present in the acid filtrate; apparently the silica is

largely separated out if the acid stands in contact with the olivine for

some time. After the removal of the silica the insoluble portion was
carefully ignited at low temperature necessary to burn off filter paper
and preserved in order that it might be separately analyzed chemically
and mineralogically.

Table 2 gives the results of the analysis on both the fine-grained

portion and the coarse.

OLIVINE

The composition of the olivine was determined from the analysis

of the soluble material. It had to be assumed that the silica, soluble

in the sodium carbonate, together with the small portion recovered
in the acid filtrates was entirely derived from the olivine. Several
side experiments, of a qualitative nature, were conducted, and it was
found that olivine is very easily attacked by acids, even weak organic
ones such as tartaric. The magnesium in the soluble portion was also
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Table 2.

—

Ayialysjs of the acid-soluble portion of the Chicora vieteorile

E. P. Henderson, analyst

Fine-grained material, less than 140 mesh

Insoluble,

Si02
Fei
Ni _.

CaO
MgO
P

Co.

Schreibersite '-

Metallic portion.

Sample
1

Percent

32.30

21.04

18.15

.49

.80

20.16

.11

2.49

Sample
2

Percent

32.80

21.74

18.14

.48

.78

19.99

Sample
3

Percent

32.74

21.90

MgO.... 20. 07

FeO 14.9ol

CaO 0.69

1

SiO 2—.21.561

S 2.4f.l

Fe 4.331"

P O.llj

.Fe O.SSr
Fe 1.66..

Ni 0.49_-

Co 0.19..

Percent

32.61

21. 56

18.14

.49

Coarse material, more than
140 mesh, less than 80 mesh

Percent

39.93

19.39

16.99

.79

.50

Lost

.06

2.02

.22

Sample
2

Percent

39.07

19.56

16.44

17. 89

2.11

17.89

1 14. 04

1

0.49|

1
19. 47J

[2.061

(3.671-

[0.06}

l0.3l)-

1.83..

0.33,

Percent

39.50

19.47

16.71

.81

.49

17. 89

.06

2.06

.33

Includes acid sol. FeO.
Low summation due to calculating all FeO as Fe.

Phosphorus could be present as merrillite, but neither schreibersite nor merrillite was recognized.

Table 3.

—

Analysis of the insoluble material in the Chicora meteorite

E. P. Henderson, analyst

Substance

'
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considered as being entirely derived from the olivine. Hence, if we
know the magnesium and the silica content, the necessary quantity

of iron can be calculated and deducted from the total amount present.

Traces of calcium were also found, and as several tests for aluminum

gave negative results it seemed logical to consider the calcium as a

component of the olivine rather than as belonging to a soluble feldspar

molecule such as anorthite.

Table 2 shows that the finely divided material contains 57.22 per-

cent olivine, while in the coarser samples 51.89 percent was found.

Since the relative proportion of these two fractions was not determined,

a weighted average of the olivine content in the meteorite cannot be

established, so the amount of olivine in the Chicora meteorite is

expressed by averaging the results obtained by recalculating the

analysis of these two groups.

Table 4:.— Olivine in the Chicora meteorite {recalculated to 100 percent from the

results in table 2)

Substance


