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A1rr. XXXIX.-P1·ehmina1·y .Note on tlte 8lt0we1· ef .1Jfetem·ic 
Stones nea1· llolb1·ook, .1Yavajo County, Arizona., July 19th,, 
191f2 , 'including a Rejm·ence to tlie Pe1·seid ,Swann qf 
J.Jfeteors visible from J uly lltlt to Aug1ist f!;'dcl ; by W,iRIU:N 

:M. FOOTE . 

IIistory. 

lr was doubtless the literary exaggerations of the 18th 
centnry and similar canses which prevented early geologists 
,md ilstronomers from investigating the reports of falling sky
stoues. But. in the fatherland of -yellow journalism we some
times find a journalistic restraint, under conditions that are 
wo rthy of remark , and which prove the labor of tbe news
gatherer to be of value to science. In the last week of July, 
the following account appeared in several Arizona papers: 

Friday evening about six-thirty a meteor, or some other body 
of a lih nature, passed over Holbrook going almost due east at 
a rate of speed that would make a swift-moving express train seem 
ns though it were standing dead still. 'l'he noise it created was 
very lo ud and lasted for at least a h alf a minute a11d sounded 
wmewhat like distant thunder or the booming of a c.annon in the 
distance. It left a large cloud of smoke in its trail and several of 
onr citizens heard it explode a couple of times. A few saw it and 
nearly everyone heard the uoise it made. Reports from vVinslow 
are that several lJeople saw the body pass ove r the town, and the 
noise was heard at St. J oseph, vVoodrn:ff, Pinedale, and Concho. 
That eit her all or part of the body fell near the section house 
at Aztec, six miles eas t of here, there seems to be littl e doubt. 

* * * 
A few small pieces were brought in here. One piece larger 

than an orange fell into a tree in a yard at Aztec cntting the 
limb ~,ff slick and clean and falling to the gronnd, and when 
picked up was almost reel-hot. Other particles of the body fell 
in the same v icinity aml an eye-witness states that for about a 
mile to the east h e conld see little puffs of dust arising from the 
sand, evidently where frag ments SLruck. 

* * 
Abont two doze n people went to Aztec to pick up pieces of the 

meteo r S1rnday afternoon and the fi eld is now pretty well cleaned 
up. The largest fon ncl weig hed over 14 pounds, while several 
of abo uL 5 pounds were picked up, and numerous small pieces. 
They are very brittle, heavy, and appear to have many small 
particles of iron in them. 

As the writer of the present article lacked the time for mak
ing the two-thousand -mile journey from Philadelphia, the 
additional and contirmator_y data were secured by correspond
A,1. Joun. Scr.-FouRTR SEnms, VoL. XXXIV, No. 203.-NovE1rnER, 1912. 
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ence with witnesses of the fall and with find ers of t li e stones. 
]'ollowing are the main facts of the fall and find, as ga thered. 

Between 6.20 and G.40 P. M. on July 19th, 1912, a 1arge 
meteor was heard trave1ing in an easterly direction and pass
ing over Winslow, Holbrook, and Aztec, points alon o- the 
Santa Fe Railroad, whicb here parallels the Rio Pnerco River. 
It made a very loud noise, lasting for half a minnte to one 
minute.''" Thii, noise has been variously like11ed by witnesses, 
to th e ru111bling of a rapidly driven farm wagon on a rongh 
road, to escaping steam , to distnnt or long contiuuetl tbnucler 

FIG.1. 

F10. 1. Location of Fall. Aztec, near Holbrook, Navajo County, A1·izonn. 
34° 57' N., 110• 2' W. 

or the l)ooming of a cannon. It was heard at Concho, St. 
Joseph and vVoodrnff and at Pinedale, some forty 1ri iles away. 
One large explosio11 was qu ickly fo llowed by several small 
ones in rapid succession. Oharles Von Aachen and his son 
then saw nnmerons stones fall at Aztec, raising many puffs of 
dust for a mile or moi-e over the d l'y sand of tbe desert, like 
those produced by bnllets or the fil'st dl'op of rain in a heavy 
shower. 'l'bey did not see the stones in tbe ail'. Some fe ll near a 
bnilding, and one is said to have severed the branch of a t ree. 
The meteor was not seen during its fligh t, as it was too early in 
the evening for i ts lurnin osit_y tt' be visible. Its speed could not 
be estimated, but it was " tenific" according to oue acconnt. Its 

* One observer states thnl the loud repor ts were followed by lesser 
rumblings for four or five minutes. These were the usnal echoes. 
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PlwtogrnJ)hs by 'Bond Bros., Ph\h1dc lphin. 

Fw. ~- "Holbrook peas." 360 complete boloids. F nll size, about 4 to 
S•nm fong. O·l to 0·3 gr:uns or I ·5 to 5 grains. Total weight, 70 gran1s . 
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path was indicated to many by a train of thin smoky vapor 
which spread out after the meteor passed . One observer esti
mated that the explosion occurred one or two miles above the 
earth. 'l'he weather at tlie time was slightly clondy. 

The sto11es were scattered over an ellipsoidal area ronglily 
estimated by two finders to be abont one-half mile wide and 
three miles long. As frequ ently recorded in meteoric fall!:', 
the longest diameter of this ellipsoid was iu line with the t ra
jectory of the meteor, being east and west. Mo.st of the 

Fw. 3. 

Fm. 3. Characteristic pyramidal brustseite, with two rear corners broken 
ancl late1· f used. x 1 · diameters. 

smaller fragme11ts lay on th_e top of the loose sandy soil; the 
larger pieces were abont half buried, some to a dep th of six 
inches, apparently having fallen slantingly from the west. The 
large and small stones, according to all answers r eceived, were 
said to be indiscriminately spread over the gronnd, with ont 
regard to size."· In previons stone showers the small stones 
have been found first in the line of flight, then the medium, 
and finally the largest. The violent disrnptions near Hol
brook might account for the lack of snch separation of the 
sizes, provided an explosion occnrred near the end of the 
flight. Just such a late disruption was evidenced by the nearly 

*See furthel', note on p. 456. 
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fresh fracture of many fragments. Visitors from nearby towns 
soon gathered the larger stones. V on ~cben, who saw them 
fa ll, reported that they were too hot to pick np. Two accounts 
state tbat they became lighter in color after cooling. Except 
for about ten kilos sent away, all were acquired by the Foote 
Mineral Company of Philadelphia. 

There is an Aztec post-office in Yuma Co., Arizona, but no 
post-office or telegraph station at Aztec, Navajo Co. Bence 

FIG. 4-. 

F10 . 4. Specimen thrne-quarters buried in wet soil , resulting in rust 
anrl exudation of molysite. Checked surface exposed. Oblique angle of 
flight indicated by soil line. x 1 · diameters. 

the name of Holbrook, six miles distant, is used to designate 
the fall. 

.1.lfacroscopic Featiwes. 

Externally the stones present all the commoner character
istics of acroli tes. The primary crust, beg-un on the entrance of 
the meteor into our atmosphere with its high planetary veloc
ity, and prior to the first explosion, is almost universally pres
ent. It coats broadly rounded snrfaces and is generally dull 
black, being about 0·3""" thick. A check ing or crackling of 
this crust, due to nnequal expansion, is often noticeable, as 
shown in fig. 4. The secondary crnst, formed on the fractured 
snrfaces prodnced by this first disrnption, is somewhat shiny 
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and thinner than the older crust. Jlforeove1·, the fractures it 
covers are hackly and il'reµ:nlar, and it even fails to hide occa
sional vrotrndiug chonclrnles, indicating- that the superficial 
dissipation by combustion had not proceeded far enough to 
round off the sharper corners and smaller prominences. ' 

,Vhat may be termed a tertiary crust was begun subsequently 
to the second explosion when nea1·ing the grn11nd at reduced 
velocity. The µ;enesis of this is most foterestingly shown in 
various stages. A slight discol0ration, especially a tarnishing 
of the metallic minerals, is sometimes seen . J\. mottled smoking 
of the surface and au incomplete incrustation of small patches 
is quite common and grndes into a thin filmy crust (see 1ig. 5). 

Fm. 5. 

Fm. 5, Primary crust at left. Tertiary c:·ust beginning as a smoky alter
ation. x 0·85 diameters. 

On many of the smaller stones this tertiary crust is folly devel
oped at the edges of the primary crust, being in fact a labiate 
overflow of flie latter. The newly fractured area often shows 
the various degrees of fnsion as its cente1· is approached, where 
in some cases only a smoky alteration may be seen. Ra1·ely 
tlie primary, secondary, and tertiary incrustations are exhib
ited in the same fragment. 

Several dozen individnals f'ho wed the characteristic radial 
flowage lines of viscons stone from the front, or brnstseite. to 
the lmck. This flow is dne to the bfl.ckward rush of ail- o'ver 
the molten sm·face. It was noted in some pieces of not over 
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1cm diameter. The most deeply and nnusuall_y marked brust
seite found was ou a large stone of 2,400 grams, shown in 
J-ignres 6 and 7. The wholly uniqne character of this 
piece suggests that it was the front end of the original large 
mass, or one of several large masses, whi ch ente red the earth's 
atmosphere. Here the lines of iiow are merged and so metin.ies 
originate in deep pits, or piezoglypbs, probably caused by a 

FIG. 6. 

FIG. 6. Brustseite with deeply mnrkecl radia l fusion flow (reconstructed). 
x 0·64 diameters. See also Fig. 'i. 

differential fn sing or fracturing of th e smface from heat and 
very rarely by the burning- out of nodules. Unfortunately the 
Jinder of thi s mass t reated it with scant respect, and it reachetl 
Phil iidelphia in three fragments sca,ttered among thousands of 
other stones. Th e edges were much bruised from rougb lrnnd 
ling, so that the reconstructed corner and cracks, shown plainly 
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in the e1Jgraving, are comparatively large. The back of the 
stone (fig. 7) illustrntes well the relatively quiet fusion of all 
of the similarly marked masses. In these the overflow of the 
molten silicates behind the rear edges is sl1 own sometimes in a 
fringe-l ike seoriaceous "wash" or thicker crnst. Otherwise 

Fm. 7. 

FIG. 7. Back of mass shown in fig. 6 \reconstruotecl). x 0·64 diameters. 

the back plainly appears as an area of lesser fo sional disturb
ance than the front. 

Several of these specimens are snperficiall_y identical with 
that of Gopalpm, described by Tscben nak, as having a round ed 
front covered with a finely striped and radiately channeled 
crust, with elonga ted pit-like depressions, becoming shallower 
as they recede from th e radiant point. Gopalptu·'s front crnst 
overlaps the back in a well-d efined and sometim es fringed 
border, becoming verrncose and enclosing nn altered grains of 
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the meteorite. One 450-gram Holbrook fragment with deeply 
furrowed brustseite similarly shows 1 to 20110 fragments of 
unaltered stone enclosed in the back crust, the semi-fused area 
being 1 to 3mm thick. 

A ' few well-marked brustseite stones (fig. 3) show fractures 
near the base; none at the head of the stone. This would 
indicate that the pressme of the air stream on the rear 
edg-e is a factor in disruption, as weJI as the expansion 
due to heat. In some instances the radial fusion flow 
is shown on the secondary crnst of fral);ments, notably in figs. 
8 and 9. Here the stone was apparently reversed in its flight 

FIG. 8. Fw.9. 

Fro. 8. Front of ~tone, showing radial fusion flow on primary crust. 
FlG. 9. Back of same stone, sbowing flow on secondary crnst after rever

sal of position in flight. x O·!J diameters. 

after an early explosion, and a well-marked radial flow was left 
upon the new brustsci te. 

In the examination of a large number of stones, the thick 
and minutely blebby cha1·acter of the otherwise even crust on 
one face woukl indicate the back of the stone, whereas the 
fusion flow on the reverse, or front, might be but faintly marked, 
01· even absent. The front is often brownish, the back being 
nsually deep black. 

In rare cases the pits clearly result from the bnrning or frac
turing ont of pyrrhotite nodules, as il.lnstrated in fig. 10. At 
the lower end of the pit is a piece of the freshly fractured 
pyrrhotite. In the bottom of the pit is the smoothly altered 
slaggy remnant of the original nodnle, similar to the unaltered 
one shown in fig. 13. Some of these inclnsions are sharply 
rectangular and possess u distinct parting·. Qnalitati vc tests 
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show the mineral to be es:oentially sulphide of iron. It may 
therefore be provisionally classed as pyrrhotitc. 

No teudency toward any one fragrnental form is observable 
except that the stones with well-marked fusion f-Iow are 
generally of a roughl_y pyramidal or conical shape, the apex cor
responding with the radiant point of the fn sion lines; the base 
is the back of the individual in flight. 

According to a local account., the nist uoticed on a few stones 
was caused by rain between the falling and finding of the speci
mens. On these is observable tbe usual liquid exudation of moly
site (ferric chloride, FeOl,), the alteration of lawrencite (ferrous 

Fw.10. 

FIG. 10. Piezoglyph formed by burning out of pyrrhotite nodule. 
x O·'i'i climueters. 

chloride FeOl,). The remainder of the thousands of individuals 
examined seemed to be entirely stable and bear no signs of 
disinte0Tation. On many pieces are traces of the sandv red
dish !?Oil on which they fell. Two or three per cent sho;ved a 
"soil ]inc" (fig. 12) indicating clearly the depth of burial. A 
verv few showed traces of the soil on all sides. This is, of conrse, 
not\1 relial)le indication of the average depth of burial, since 
the amount of cleaniug clone bv the finders cannot be deter
mined. The directio1tof this s~il line, shown ·in fig. 4, w<rnlu 
indicate that the angle of fall with the earth's surface was 
abont thirty to forty degrees. From the slight penetration of 
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the soil observed, the last sta;;e of the flight ,ms e, icl ently not 
incomparable with the velocity of an ordi nary falling body, 
as has been accnratcly calculated by in vestigators of previous 
fall s. 

Th e relatively low temperature at the moment of reaching 

Fro. 11. 

FIG. 11. Flat bruslseite. x 0·, 3 diainete1·s. S~e fig. 12. 

FIG. 12. 

Fm. 12. Flat brusLseite (down). Side view showing confirm atory soil 
line uml scoriaceous overflow on back (up). x 0·76 diameters. 

the earth's surface is suggested by one specimen with nnchaned 
vegetable fiber adheri ng closely to the rough crust. The 
impact apparently prnssed the fibers tirrnly into the minute 
interstices of the crnst. 

COM PLIMENTARY REPRODUCTION FOR REFERENCE ONLY 



44S TV. )Jf. Foote-Sliower qf Jfeteol'ic Stones, A1•izona. 

Examination of a fractured surface shows a light ashy gray 
color and the granulated texture imperfectly reproduced in fig. 
13. Irregnlar chondrules, visible to the naked eye, are com
mon, and here and there others become prominent by their 
spherical form breaking half free from the matrix. In some 
instances these hemispheres are quite perfect and of four or 
five millimeters diameter, the largest one, illustrated in tig. 14, 
reaching 11 millimetet·s. It ha.s lost mncb of its definiteness 
in photographing. 

Under a lens, the chondrules breaking with the matrix are 
seen to be numerously distributed throughout the mass. A 

Fm.13. 

FIG. l;J. Fmctured surface with pyn-hotite nodule. x 1 · diameters. 

large number of the chondrnles are gray in color, others are 
whitish. Not infrequently a broken chondrule shows radio
foliate structure, sometimes with the radiant point at one edge. 

Jllici·oscopic JJ}.wminat-ion . 

This was made by 1ifr. ·w. Harold Tomlinson, whose r eport 
follows:-

The new meteorite is an aernlite containing a very little 
native iron. There are three opaque minernls forming together 
perhaps 4 per cent of the volum e. Native iron and py1·rl10tite 
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Examination of a fractured surface shows a light ash_y gray 
color and the granulated texture imperfectly reproduced in fig. 
13. Irregnlar chondrules, visible to the naked eye, are com
mon, and here and there others become prominent by their 
spherical form breaking half free from the matrix. In some 
instances these hemispheres are quite perfect and of four or 
five millimeters diameter, the largest one, illustrated in tig. 14, 
reaching 11 millimetc1·s. It has lost mncb of its definiteness 
in photographing. 

Under a lens, the choudrules breaking with the matrix are 
seen to be numerously distributed throughout the mass. A 

Fm.13. 

Fm. l;J. Fractured surface with pyrrhotite nodule. x 1 · diameters. 

large nnmber of the chondrnles are gray in color, others are 
whitish. Not infrequently a broken chondrnle shows radio
foliate strnctnre, sometimes with the radiant point at one edge. 

Jl{ici·oscopic E xaminat-ion. 

This was made by Mr. Yv. Harold Tomlinson, whose report 
follows:-

The new meteorite is an aerolite containing a very little 
native iron. There are three opaque minerals forming together 
perhap3 4 per cent of the volum e. Native iron and pynbotite 
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occur in irreg11la1· but usna1 ly ronnded patches and grains, in 
ahout eqnal amonnts. The p_yrrhotite occasionally shows 
cl'ystalline faces. Magnetite in small jet black or slightly 
bl nish black grains occurs to less extent than the other 
metallic mincmls. 

FIG. 15. 

Fm. Jii. Imperfec t polish showing distribution of nickel-iron. At large 
end a cboudruJe encirclecl by minute iron grains. x 1 ·7 diaru tters. 

The principal constituent of the stone is enstatite, which 
forms probably 50-60 per cent by Yolume. It occ1us in 
prisms from 1'"m X •23mm in size dow n to minute allotriomor
phic graini:. It also occurs often in chondrn1es with radiatin~ 
strnctm-e (fig. 17), and in one sect.ion a chond rnle was found 
with tangential stmctnl'c, i. e. the fibers fo rmed a regnlar 
polygon. Enstat ite appears to have been one of the 1frs t 
1niuerals to separate and to have continn ed its sepal'a tion nntil 
the magnrn cooled . In mass t he cnstatite has often a slightly 
g reenish color. It is colorless in section. 

Olivine and monoclinic pyroxene (diallage) make np the bal
ance of t he stone. Oli\·iue occurs usually in cl'ystals rmd 
Cl')'Stal µ;rain s se t in a grayish g lass. A gronp of oli vine set in 
g-las;:; will be div id ed from the rest of the stone often by sharp 
demarcation a,s though it were an inclusion of another stone. 
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Olivine also occurs freg nentl_y in less perfect crystals asso
ciated with the enstatite, bnt segregation is rather character
istic of it in this stone. 

Tbe cliallage in mass is a brownish color. Jn sec tion it has 
in some places a very slight pinkish tinge, bnt is usually color
less. It occurs in g rains with fe w crystal boundaries and in 
la1·ge cr_ystals. One large crystal measured approximately 
2·5 X 2mrn . It also occnrs twinned or intergrown with the e11-
statite and in some of the chondn1les it i :;; twinned with the 
enstatite. There are some longish prisms with fibrous struct:nre 
and small extinction angle that are also monocli11ic pyroxene. 

Fm.16. 

F JG. 16. Sharp octaherlrons of spinel in quartz. x 30 diamete1-s. 
Lower nicol in place. 

The most interesting feature observed was a patch of 
spiuels set in quartz. Of ten sections examined, these minerals 
were fonnd in only one. They shade in color from clear and 
ratlier light ruby-red to ruby-brown. The darker arc shining 
black by reflected light, and are 1)robably chromite. On the 
light side of the patch the cl'ystali, are r ed by reflected light, 
and are thel'efore a ruby- or chrome-spine] (fig. 16). They 
occn l' in sharp octahedrons and are the most perfectly crys
tallized 111i11 en,l i11 the stone. They are identified by colo1·, 
crystal form, reflection, and position. The crystals are set in 
scnii-crystalline quartz aud the patch is edged with qua rtz 
that ii, slightly coarser. Th e gran ules of q uartz are i1Teg
ular in sliape, often intei-l ocking, and show wavy extinc
tion. No fig ure was obtained bey011d au indistinct dot which 
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had no effect on a qnartz wedge. The qnartz is sufficiently 
identified, h owever, by its low refraction, double-refraction 
showing colors up to white, and by the characteristic habit 
of the grains. 

These patches of spinol and quartz are analogous to the 
patches of olivine and glass previously described. The two 
min erals sl10nld prnbably be regarded as secondary minerals 
formed by a reaction (perh aps influ enced by Cr,O,) between 
the olivine and anorthite or a glass near to anorthite in com
po~ition. 

Chromite was found in three sections. It occms associated 
. with the mefallic minerals. It is black by reflected light and 
dnll red 1.iy transmitted light. Both patches and crystals were 
fonnd. 

Fw. 17. 

FIG. 17. Chouclrnle of enstntite surround ed by native iron nnd 
pyrrhot ite. x 16 diamet er s. Nicol s crossed . 

. Niclcel-Iron Content. 

Mr. George C. Davis made the few chemical determinations 
of the aer; lite which limited time permitted. The specific 
gravity was found to be 3·22. One hundred grams, freed 
from crust, were finely powd ered and treated repeatedly with 
the electro-magnet. Tlie metallic portion was washed with 
alcohol to remove the silicates, bnt the separation \Yas in com
plete and the silicates fin ally constitu ted about 25 per cent of 
the m a-gnetic concentrates. The material for analysis was 
taken from twelve individuals. 
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1Veight m;Jgnctic portion, actna1 . __ . _ _ 4·DO 
\Veight non-magnetic portion, actual ____ . _ 95 · 
\Yeight mag neti c portion, corrected_.__ 3·u75 

Tli e conected weiglJts gin th e following perccutage for the 
aiiroli te : 

Nickel-iron _. ____ . __ .. . __ . _ ... _.. 3·68 
Si Ii ea ... __ . _ . __ . . __ . •. _ . . _ . . . . _ _ D G · g 2 

]()()·()() 

Analysis magnetic concentrates. 
Silica ___ .. __ .. __ . ______ _ . ___ . _ _ _ 14, 12 
Iron _____ .. ___ __ . ___ . . _. _ . __ ... _. 60·04 
Nickel __ . _ ..... .. _ . _ . . _. _ . . __ . __ l I ·84 

Corrected.for 25 pei· cent non•magnetlc ,,ninerals present. 

Iron . _ ..... _ ... _ . . _. _ ___ ... .... _ _ SO·SG 

Niekel ··-·-·-- .. ·· · ···---- ··- · · · 15 •79 

Astronomical Relationship. 

A stronomers have long cl e1atecl tbc question as to whether 
the fall of the .M:azapil (.Mex ico) iron •::- on Nov. 27th, 1885, 
proved it to be actually a 111embe1· of the sw1u·111 of L eonids or 
November meteors seen nnm cronsly on tl1 e same night, or 
\\'l1cthcr t lie oecmToncos were purely coincide11 t'tl. 

The well.kno 11·n Angust or P erseid meteors a rc seen fro 111 
JnlJ 11th to A ngnst 22d (Denning), a11d reach a maximum on 
A11p:n \. t 10th to 13th, while the lesoe r Aqnarids reach their 
max imum on J ul,r 28th. Th eir nearness snggested an inquiry 
as to a possible relationship between th ese star showers and the 
Holbrook m eteorites. 

Apprized of th e circum stances of t.l1 e H olbrnok fall, Prof. 
Eric.Dooli ttle, Director of the l•' lowcr Observatory, University 
of Pennsylvania, wrnte as follow s :-

0<.:tober 5, 1D l 2. 

I was greatly interested in yo ur account of the extrao rdin:uy 
fa ll of meteoric mat erial in A ri zona OJI th e evc11ing of July I !Hh, 
last, and I t,ake grPat pleasure in g iving yo n what in formation I 
cau regarding the kn own meteo ric showers which rnay be ex pected 
at about thi s date. 

The nearest b ri g ht shower in point of tirne is undonhtccl l,Y that 
kuown as the Aqua rid shower, which reache~, its max imum on Jnly 

~· s ec this Jonrnal , xxxiii, 221, 1885. 

AM. Joi:rn. Scr.-FOURTU Simms, VOL. XXXIV, No. 208 .-N0\·1rnBER, 1912. 
80 . 
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2S,-bnt nine days later than t he fall observed. Yet 1 hardly 
think it possil, le that tl1e material actually collected can belono· to 
this met~ori c stream, ~or the reason that the n•gion ~f th e ~ky 
from wlnch the .Aqnand s are seen to come had not yet nsen above 
the eastern horizon nor would this region l)cgin to rise 1rn ti l 
about one 11onr later. And as at t hi s time tbe constellation 
Aquarius wou ld be seen in an almost due easterly direction, it 
seems not possible that a member of this stream could be seen 
coming from the west, as t he Holbrook meteorite did. 

The next brilliant shower in point of t ime is the well-known 
Perseid shower , more commonly known as the shower of August 
shooting st:ns. Although t hi s shower was rnost brilliar1t from 
August 10th-13th of the present year, the ind ividnal part icles 
are so greatly scattered t hat straggling memhers may be seen for 
nearly a moo th before this date. The point among the stars from 
which the meteors of this stream are seen to come is constantly 
changing during t hi s time, owing to our displacement in space 
caused by the motion of the earth. According to l\1r. w·. E'. 
Denning,-the highest present authority npon this snbject,-the 
occasional meteors from this shower witnes·ed on July l 0th sboulcl 
apparently come from a point just without t he borders of Perseus 
and within those of the constellation Cassiopeia. .At t.he tim e under 
consideration this point of the heavens would be almost exactly 
in the north horizon, or at most but a degree or two to the west of 
north. The g reater part of the particles which reached us from 
this stream at this time should therefore be expected to approach 
our country from the north, and to at least begin their motion 
through our air in a path very nearly parall el to the g round . 
However a single, isolated member of the swarm might easily have 
had the direction of its motion g reatly changed, either by th e 
grav itational pu ll of the other members or by colli sion with them, 
so that a single such mass mig ht be seen to enter our atmosphere 
from an unexpected direction:X· 

It is therefore in my judgment not impossible that this most 
in terei,ting fall might have come from the P erseid swarm, and 
therefore be an actual part of or an attend:mt to Tuttle's Comet 
of 1S62; but I do not think that from the data at hand we can now 
establish this con nection. 

There are several ot.her less striking ·showers due at about this 
time; notably, a second Perseid shower of faint, swif tly moving 
stars whose radiant is 14 degrees farther toward the south t han 
that of the first, and also a shower coming from the constellat ion 

* Tb at the observers' accounts of momenta ry phenomena often conflict, 
i~ but natural. One witness wrote on October 18th, that on h earing the 
reports, he saw only a very large cloud of sand 01· 8moke move from east lo 
sontl1 west, and after striking a black cloud, th e first sand or smok e cloud 
traveled back to t h e east. \1/hile pl'Obably of li ttle value, the account is 
recorded h ere because this large finder was the on ly one to fully indicate an 
ellipsoid with longest diameter east and w est, in answering as to the area of 
the fal l. 
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uf Cygnus, which actnally r eaches its maximnm on t his very 
dat<.>,- Jnly 19 . 13ut as Cygnus at the tim e indicated was in the 
northeastern 11art of the sky, it see111 1< that this shower must be ex
cluded from consideration for the same reason that the Aqna ri d 
shower was di smil;sed. - E,·ic JJooliltle. 

Quantitative Comparison. 

A most careful search by over one hnndred persons was made 
under that sti mnlus which is usually fo und to be instantly 
effective. This search continued for two months. Th e djscov
eries 0£ new stones rapidly rose and as rapid ly dwindled to 
nothing. :Following is an estimate of the en tirn fal l. Among 
the 29 larger ones, three or four had an end broken off, pre
snmably by the finder; perhaps 5 per cent of the stones, 
connte<l as complete, had one face merely smoked, the balance 
were completely in cm st_ecl. 

Items 1, 2, 3, and 4 were received at Philadelphia. 

(l) go in dividuals over l 000 grams : 6665, 4264, 
3470, 3 122, 2940, 2605, 2ti20, 25 00, 248(), 
2463, 2H2, 2318, 2270, 2250, 2050, 1893, 
1860, 181 G, 1 780, 155 8, 1464, 1400, 1330, 

1272, 1100, 1148, 11 20, 1100, 1020. T otal, 64,310 g rams 
(2) 

(3) 
(4) 
(5) 

GOOO individuals of 1 g ram to 1000 g rams 
ear h . _____ . _____ _ . ___ . __ . __ __ . ___ . __ _ 

8000 individnals under l gram each ______ _ 
Fragments broken after finding (estimated ) 
.Many individuals of Jess than 1000 g rams 

each, distriuuted as samples t o institu
tions in July and carried off as curios by 
visitors __ ____ ____ ___ __ __ ___ ·- - - __ - - ·-

14,029 + stones. Es timated total weight o f 

136,000 
4,000 
4,000 

l 0,000 

fa ll (481¼ lbs. avd .) ___________ ____ ____ 2 18,310 

" ,, 

" 

" 

" 
A record of the more notable stone showers of. the 19th 

centnry was prnpared for comparison. It wi ll be observed that 
such showel'S are recorded bnt rarely, and that in point of number 
of stones, the Holbrook fa ll is one of the ~reatest in modern 
times. Another distinction it carries is the rninnte size of 
tli onsands of its incli vidnals . T he smal1est shown in fig. 2 
average 10,000 to the kilogram, or abont '1)53G to a poirnd 
avoirdupois : a single 0lle weighs less than O·l gram or n
grains, being smaller than the smallest of the llessle stones, 
whicl1 were only fo nn cl l>ecause they fell on the ice. 

These scnn ed and diminutive " Holl>rook peas " confirm the 
accepted opinion that far larger cosmic stones are nsnally quite 
consumed in the atmospheric passage. 
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Principal Stone Showers of the I !1th Century. 

The following data are gathered from \Yiilfing's "1.foteori
ten'': 

Date 
of 

Fall 
April 2G, 1803 
Dec. 14, 1 807 
l\fay 22, 1808 
May 1, IKGO 
.June H, I SGG 
;fall. 30, 1868 
.fan. J, l SIHJ 
Feb. 12, 1875 
Feb. 3, 1882 
l\fay 2, 1890 

,July 19, l!Jl2 

Locali ty 

L' Aigle, France 
~f es ton, Cnnnec_tieut 
~t:urnern, A11$trrn 
N ew Co11cord, Ohio 
Knyahinya, Hunga ry 
l'nltusk, Poland 
Ht>ssle, Sweden 
Homestead, Iowa 
:Mucs, Hungary 
Forest,, Jowa 

Holbrook, Arizoua 

Recorded 
Nnmber 

of 
Stones 

Recorded 
\Vei,,ht 

of Fall in 
Grams 

2000-3000 36,843 
l\Iany 18,'267 
200-:Hl0 38,408 
Over 30 07 ,811 
Over 1000 -B3, 120 
About 100,000 200,9:l2 
Many 22,895 
Many 124,492 
Over 100,000 155,632 
Many 12.~,037 

Over 14,000 218,310 

No otl1er aero lites are recorded from Arizona, the nearest 
meteoric fall 1,eing- tlie siderite of Canyon Diablo, some sixty 
miles distant . 

Philadelphia, October 7, 1912. 

NOT1,;, Oct .. P.ft.tl1.-0f the numerous witnesses to whom a 
li st of nineteen questions was submitted, but few replied to tbe 
followin~: Iu the area cove1·ecl by the fall, were the large and 
small s tones mixed indiscriminately or were they sorted sorne
what according to size ? The first answered that the stones 
,vere mixed. 'But iu a suppl ementary statement., tfr. V on 
A achen writes on Oct. 18th that he found the small and large 
stones sapa1°ated. Further evidence is manifes tly needed 
before the actual facts are established concerning a sor tiug of 
the shower. 
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