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 =UBER~ -

[¥ollowing i the travalation of sn avilcle
by Academiecien V.G, Fesenkov in Neteoritiks
; iﬁm&&@vitim@), Vol KVII!, Haaaew, xege, pages
’ &ﬂw?lﬁ ]

Buok mttsntiaa ia prwsmnth b@ing devoted t@ the d%w
- terminetion ©f the isotope content in variocus elements zauad
in metesrites, including these lsetopes whieh are the pro=-
- duots of yadiosetive degay. o : L
Knowledye of the imotops a@ntamt is tled in déreetiy
with the possibility ¢f determining the ags of iron and
stons metesrites, A detalléed scesunt of the Matory of
attsepts to deotermine the szze of moteorites by Eﬁéiﬂﬁ@*i?@
methods will be found in the artiecle by Geiss ﬁghiﬁmh“ﬁ in
1857 (1); thoss intersstaed in the subjeat are aﬁviw&& te
“loek ur thal 3wuwma¢ ‘
ket ue take o few words te remind the resder of the
srux ¢f the prokiem, As im kuews, the uraniun-tesd wetihed
given Tuliy relishle valuse for the azge of meieorites Qaba;t”
4,3 biflion yvearsd. Thoe pubidiumesirountiua &%%%mﬁw end in &
nunber of cures the argén teshnd g yielas completely anme
legous remulte. 1t may be gusid thsi the “wadicsctive™ sge
representa the ¥ime elapeed durivg the sonz of hardening ot
the weteorle gubastanaes, whioh miy have teken placo within
sone congideraklie grester rars whorein the w&?w&ria gy
gtauss wan notl subjest to t%w‘wﬂt’nn o epdwie E&y@@,
The simpler nollied o) metesrlic ags d@?arminaii@a by
mezns of gaseous heliuws sentept messurement mmgxmyad ¥or w.
nunber of yearz by Penet and his zssceiates cannnt be sxw
pected to give reliable resulis u@t‘ﬁn%g dug to the pezpi-
bixi%- st helium leakama inte ﬁp&ﬁ%g but mainly because pazrt
.ef the helfun in wetesrites arises through the aotion of
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cosmie rays and is therefore of non~xradiogenie origin., Thus,
mueh of the helium found in meteorites whick have been in
interplanetary snace for extended periods ig not character~
lstic of radioactive decay, since part of 4t 1s formed in
meteorites due to the direct interaction of coamic rays with
iron and other astomic nueclei, Hed is formed in such a reac+s
tion, but the main produet is H3, which subsequently becomes
the save Hed isctope., 1t is perfectly cbvious that knowing
the tritium and He3 isotope content in a given meteorsite
gample and the number of tritium disintegrations per unit
nasg per unit time, it is possible to determine the length
of time it would requirs for the observed amount 6f heliun
isotope to accumulate, In performing these calculationg, it
ig necessary to assume that the meteorite had been subjected
to a definite, for exampie (and most simply) a constant,
range of cosmic ray irradiation,

The use of this method by Behemann, Geisgs, and Hess
(2) on two mecteorite samples whieh had fallen in Norton
County on 18 February 1948 showed that the corresponding
period of time had to be 420 and 480 million years, if the
entire anmount of He® could be considered as having arisen
out of the tritium transformation process, Actually, a quanw
tity of Hed 4s formed directly as a result of cosmic ray
irradiation, Taking this inte account, a sonewhat smalicy
value, namely 240 and 2830 million veors,; is obtained for
the tritium transformation, 260 wmillion years on the aver=
age, It is necessary to note that under the direet action
of cosmic rays not only tritium nuclei, but also helium el
and He% nuclei are formed, The radioactive decay process,
furthermore, produces only e4 s~particles. Knowing theo-
retically the ratio le®/Hed charscteristic for cosmic rays,
it 1s possible from the observed amount of Hed, whieh was
formerly wholly ascribed to radiocesctive decay, to fing
the portion actually produced in the disintepgration of
uranium and thorium nuclei, Thus it is possible to introw-
duce corrections into the former meteoric age estinates obhw
tained by Panet, and also, Separating the radiogenic andg
cosmogenic components, to determine the duration of the
cosmiec ray irradiation of meteorites. ,

In his article entitlied '"The Origin and Age of Meteor-
ites", Singer (3), taking the ratioc of cosmogenic He3d and
Te? to be 0,5 for six meteorites investigatnd, determined
that the duration of cosmic irradiation of the meteorites
totalled 300 million years ==~ ga figure whiech differs little



from that obtained by the indicated method for the Nerten
County meteorite, ~ - B C

' The determination eof content fur varilous isotopes
affords a means net only of estimating the duration ol zush
“radiation” age, but alse of obtaining an indleation of the
- intensity conetancy of cosmie ray irradistion for the time
&2 the netesrites* eiistence am individusl bedies travelle
ing iun interplizomtary space. . '

- ~ Various elements are formed in the irradiastion of
iron uuelel by cosmio rays; these ave mogstly unstable, how-
suer; tritium -~ a radicaetive hydrogen isotope with & hale
i3%s of 12 years becoming helium isotops Hod, €196 sng erye.,
inotope A3, with the firet passing inte the vedond with
the lese of 2 siungle electron awmd with 2 half~i§fe of
4.5 F 20% yoaws; finally, Ar%6, %0, ang €490 gpo producad,
with the radioactive g@ﬁaﬁeiwm isetope passing inte calcium
and srgon with & belf-1ife of 1.3 billion years (4); iIn.
nédition to thie, redioactive igotopes Ard® and Bell, g
wHiLE an-isctepss of other elerments with diffsrimg haif-lives
&re produced in meteorites, Attempts to determine the Lintenw
#ity of coemie raya in the paet, azr well as of netsorie age
~en the bamiz of various radicective isetope contents were
 #mde by Kartim, Pireman, Sehwarzer, et al, (5), hpparently,
the intensity of cosnic vadiation in the past may bLe con-
gidered meve sy less eonstent, 1t is interesting ¢o6 note
that in individusl inetanees, radiation ages of aboui a
bitZion years sxnd ower are obtained (the Nerfolk Meteorite
s 8,8 RILlien, and the Parg de Yinos Neteopita we 1,7 bii-
tion yearc) (63, : ' =

- Gemerslly speaking, thie radisztion agﬁ diﬁﬂ&rg‘ﬁhaxpuv

‘ly frow that obtalved with ithe aid of previcus tecbnigues
(lead~uranive, rubldinw-gtrentium, arEon), and has & ﬁatally
difterent siguificanae, Xt avidently reprosentn not the
Length of time elapaod sinee tho bEardening of the meteosris
. substance, but rather the time thai these ohjeots have exw
fpted a8 imdepandont eszgmic bedliea of muall dimensicons gube
Jest te couwie ray irradiation. The pieblen however, is ex-
tremeiy comples, - S |
k@ﬂwaﬁ’iﬂﬂiw&ﬁﬁﬁg Slhngel vakes She patio o faumee
genle Ba? ane Be® to uo anpraRinetess G,8. Thie ratite 4dg
not ecomstant, howevery; msl must vary with time and the posie
tien of the substance being studied within ithe meteerite
if the latiar had been of sufficiont muss, The change in
tiue in osmuncd by the coustant decay of tritium, although
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Lte Low centent cannot sericusly affeet the resuits, The
shange with pozitisnwithin the metesrite srigen from the
Tredt that its ﬁwﬁ&w-imyara‘ﬁh&alﬁ the itnner nazg fron the
inplingenent af privery ecsnic raya, Astually, baok in 1850,
Le Cowter shewsd that the Hed/He?d ratio likewlee falls of°
with desraseing &&ﬂﬁ%ﬁfi&ﬂ potentiais, Conseguently, musll
wetooritas would bw eipseted to contein o much grester rew
istive He3 wvontenty accerding to Martia (8), however, the
et Be? ratio in lngre neteorites nust be suffielently con-
ghant pnd egnal to aboul ¢,2% and net 0,5 az Singer supposed,

Thue , in order to ronder wore preecise the technigue
o d%@@rmimiﬁg the radistion aye of meteorites, 1t woulkd
Be aighly ekpsedient to ebtain the content of verious iso-
topes in pieces of very large meteorites, provided i1t ig
wgrEmtble to @@ﬁab&ism the position of these Lragmonts with-
o the imnldinl body of the meteorite, The encrmous Sikhote-
Afduekiy meteoyite, whose initial mase was no less than a
thoupand tons, could well gerve this purpose., Although the
mpbenrite wan fragrented shortly before reaching the ground,
tha ecrreful study of the moerphologioal prmpertﬁea of ¢he
Tyrpgmentys undertaken by ¥Ye.L., Erinev (@) does aff@rd gome
notion of their position in ithe: griginal mase,

The paper of A,¥, Vipogradov, 1.K. Zadorogbuyy, and
el Flovenskiy (10} livtes the content of helium and $is
iratopes 4n three fragnents of meteorites ascording te 1
semples taken at varioue depthe from the surfaece of the ini-
tE&L wmavs, In the autb@rw” estinate, the greatest depth lay
L dletancs of LO0«180 on (ecentimetera) from the surface,
Both the total heliun cenient and the Hed/Hed ratic were
drternined, These date were used by A.A, Yownel® (1) for
speartaining the ratio ef Hed to the cosmopenis helium Mo
content, which for the deapor porvrtions of the meteorite
turned out ko be 0,34 -~ g gomevhal swmaller figure than the
lewer limii of 0,20 eblained for this ratlo by Heasbeck (12).
Encwing thiz ratio which 48 found to be sufficiently conatant
for the deep portions, where it i determined by the setien
of smesondary cosmioc reva, it ig easy to. derive thm amount
of purely rediegenie Ho? helium (from the total content of
nelium and ite isotopes). In the case @f the Bikhote-Alin-
skiy metesrite, the vadiogente Hed content was found to be
0,10 % 16™% sentimeterad/gram, according to the same data.
Az socom &8 the uranium content 4im thies mateorite 1g deter~
winad, it will be peseible to ezleulate ite ape since thé
%ize ol 4ts hardening or the final noment of heating such
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that haiium asﬁape aowld have taken place, .

‘The determination of th& uranium content represents
a2 very difficult preblem due to the fast that it 1g present.
in vary inﬁignificaﬁt smounts, . Ebértglﬁﬁﬁﬁig and ¥gent. Le-

soribe o new technitue for obtaining such a,d@ﬁ&rmiwah;on

by meaguring the econtent of Xe 33 prodused ip y238 deony.
The method was applied tﬁ three metesrites == Pultusk, Breii-
sheld, and Acabs =~ and gave resulte in aa“@wm@nt with LIS
abtainad 4n other ways.

T, Herpwogger and Waanke (i3} emwzay@& anothoer nethod
of determining the uranium content in threo ehondrites {Aa@a
be., ﬁgﬁgwlart, and Breitecheid), by finding the septent of
bariuw produced if the neutron drradiation of 6335 Thig
barium isotepe, Ba 140, 13 gquickly transfommed into active
lanthanum La'¥0, ang thon even more guickly == into stable
cerium ﬂmlﬁﬁg lf it is supposed that the concentration of
thorium is thriee that of uranium, the age of the first two
neteasrites by the hellium method is found fo be 3 G and 3,3
billien ysarg,

BJE., Gaxling and L, K, Levakiy (14} have beem soncers-
ed with the insri gas centent in mtone meteorites and the
problen of the aragim of these gases. They measured the rate
of neon Ne2S:21,22 4n4 argon Ar35:38 jsctope accumuiation
in stons mateorites irrsdiasted by aaamiw rays lun spsce, The
indigated acoumulation rate turned out to be abeout the sanms
for metsorites of wid%ly diff&rﬂng age, From thig 1t is pmggA
ble to draw the very interesting conciusion that the intenw
aﬁtv of cosmie rays bas remained congtant over geveral bile
lion yeara, This, furthermore, providesr s moasure of Jugt e
fication for the Bethod of drtrrmin&ng the radiation avs o
wetworites by their helium isotops He® content. .

hecordi ng ts the datn of the . # At aaﬁhuﬁg; ke Mtarayni

Pes fynnoye Metasorite (aahamﬂrﬁ?@wﬁaixdnlﬁ@W hes & curious
pwwulAaiify. 1t amh%mfnw an unmsuaily high proportion of
Helium, Thiﬂ tact was first esstablished by V.V, Cherdyntsey
and iater &anfirn&d 5y E.K, Qeriing, who aliso pointsd out
the . y%&“%%ﬂﬁ of dwwmm and neon 4in the neteprits In asnounts
sxereding thoss ang@nriﬁ?@ Ear its age, Th 2iE gives rise t@
an intersating prablem as to the origln of these gases apnd
whethex this might nm& hinder the fornuleation of ithe geonera:
problem of mwﬁ@arite age determipation by the helium method,
- ¥t may thue Le assumed that the age of the seteoritic

substance propeyr, i,e., the length wf time eélapded from the -

monent of hardening s wholly diwtincf from the radiation age

v




during which the meteorites are subjected to the action of
cogmic rays. As far as can be ascertained, this radiation
age is differcnt for variodus meteorites, while the tinme
elapsed since the hardening of their substance is the sane
and, ‘ncidentally, difjers little from the age of the solar
ays tem, .

Thus, modern dato on the age of meteorites teztifies
ever more definitely in favor of the hypothesis that the
meteoritic substance must have been formed within suffici~
ently large asterolds during the first epoch of existence
of the solar system, Subsequently, the asteroids underwent
fragmentation, apparently as a result of nutual collisions.

Examining the establishment of a state of equilib: . .am
between the metallic and silicate phases within a typical
parent body in which meteoritic substance had been forned,
and alsc basing his view on several other considerations
(for example, the known fact of the transfornation of gra=~

phite into diameond at high temperatures and pressures),
Lovering (15) came to the conclusion that this parent body
was in all probability the size of our Moon, In the epoch
during which the crust of this body began to erystallize,
andwhile the metallic core was still in a molten state, its
temperature may have been approximately 20000 at a pressure

of 104-10° atmospheres. Furthermore, before the fragmenta~
tion of the body could have taken place, its core must have
cooled down to 7000, Such suppositions are in many ways
dubious, but they do reflect a perfectly legitimate desire
to obtaln an indication of final consequences of a cosmogonic
character on the basis of new facts established by nodern
meteoritics, In the future, more reliable hypotheses on the
disintegration of astercidal bodies resulting in the c¢reation
of meteorites will require more precise methods of deters
mining radiation age, the duraticn of cosmic ray irradiation,
Such a digintegration must have taken place largely in the
region of the asteroidal belt, The newly=formed meteoritic
bodies must have finally begun to move along orbits inter-
secting that of the earth, for only in this way is their col-
ligion with our planet possible, It is natural to assume *+*a+
the beginning of asteroidal disintegration took place in ¢ .e
earliest epoch of existence of the solar system, If this is
the case, then the gquestion arises as to why the radiation
age in most cases constitutes a comnictely insignificant part
of the age of the solar system, Opik and Singer have found
that the radiation age of meteoritez is the product of two



fupstions: thé'timtéawﬁQﬁaéﬁi”hi&hébilifymoi disintegration
having a maximum in the early epoeh of tha existence of the -

pekamr systom, s8d the exponentisl swesp fautur with & WMOAD
mwwi@u ef 160-300 million years (16).

From ezlculations of the propablility ol m@tmoritic
wipliladons with the amxtm, 1% follows that the meteorites
4nmmwatlf being ohsedved are th& ‘resulte of ‘the final trmgn
wontatlons whloh bad taken place only seversl kundred miliian
0 A nefore, This probionm is a very diffieult one from the
thesratien) steandpelat and required adsitional experimental
dakm. It 48 elear at any rate, that the formation of meteowr-
ides 1e accorpsmied by the production of great quantities
2f $ine duet whioh noves out iato imtarplau@%ary gpgee and
WJawi? aa%tiﬁw on the 8um ap = result of radiation pr@wwura
kL nmtﬂ?,{ﬁ@%@* the Poynting-Robertaon effect,] Dust pare

tinles of sufficlontly small size (om the ordsr of & tenth

of & wiouron) ure swept out of the selar @yﬁtew by ghatwnie
pridsure. A¥ o result of all thie, the solar system, largely
in the prane of the ecliptiec, iz f£illed with fine meteoritie
materiel whioh diffuses solar rays and appusrs o the terres-
tenil obmarver 16 have the form of o diffuse lunminescence,

known by the nane of sedissnal lightg_?hi$5&ﬁﬁ@&mxi?m@ﬁ by T
Khit Pact that uweing the known distributicn of smterxsids

sseording to tholy orbitsl dealinaticns 4%t ie pomzible with'
a fajir smounnt of precisien to veproduce the ohserved imow
metrie upiots of zodiacal light intensity, In addition &
thip, =1k of the other propertics of godisesl light =- its

apparent brightness, dégree of pelarimation, and color =
‘esn aleo be explained by the supposition regarding ite ori-
gin im sstercidal dust (37). On the premise thut the dust
pssponsible for the zediacsl light phenouonon merely diffuses

soXar rays, but does not absorb them, it is possible te de~
ternine the density of this interstellar space dust,; Lfor exw
anple in the arean from the warth to 'the Bun, Here will evie

‘dently be the lewar limit of the’ antual denaityg and turns

out to have the suffieciently small valus of 10~2% grama/

. sentimeterd, Fiom thia 1% 4s pessible to determine the pro=

bahle value of the toisd masas of mm%e@rig ‘particles colliding
with the earth eackh 34 hours., I% is equal to approximately '

30 tens -~ & value which ip considersbly smaller than that

given at times for the miorometmoritez (adout 1000 tons of
micromateorites per A4d~hour peried}, but agress fairly well
wlth estivetesd ©f the t@tmﬁ noteoric mass proeipitating on

vhe earth¥s ﬁurfaam4‘



Regeareh on ﬁ@tarmﬁnim ‘the ansunt snd composition
wf the fine metenrio ﬁat@rima faﬁling en the earih has beean
ﬁm&m% sn for & iong tine ‘now, Kbttempte are being made to de-
sernine the effects of motecrie waterini on the @ptiaai pro-
w4 en of the @arth”% atwogphers, but they d¢ not seen to be
whetly eovnvwincing, Yhug; fer example, F. Liuk (L&) geeks to
Captabiizh the pressnes’es metserie dust in the atmssphere by
determining the opiieal thickneas of the ashbsorption layer
dipdng unsw sciipses, The praciical aspects of this tech-
whdgue hove yet 6 be sufficlently worked out. The basic
drfidienlty liez i the large angular size of the Sun, which
?rnmm%am?@a the lsyers of the earth's atmosphere for the
Tauar observer simulianscusiy at different altliudes.
¢, Hoffmeister (1) attempied te determiue the effect
a &uﬁmﬁpimm@t&gy moaterial on the stmogphaere by the gystem=
widw ehanges in the polavizstisn and luecltdity of the stmos-
plere taking plaee in the morning and afternony h@u?ﬁ* the
shasryutions were earried out during hilsg @xg@ﬁiiimm 334 a@uth«
gogtern Africm, The degree ef polarization &&W&?ﬁ turned out
i he smignificantly greater in the afternecon, His explanstlion
fer this i that the earth's atmoaphere is aubj@ai@ﬁ to the
pntion of oneoning wmetepric material’ (with & masimun at gbout
D mieeYs lofes the effest in the first half of the day ie
- preater than during the latter half. EBoffmeister's consider-
 mtione, however, ave far. from convineling, gince the ohaéryv—
ed optiocal properties apply to the tropesphere -- the iswer
portion ¢f the stucsphere, and not to the icunosphere, whore
the retsrdation eof meteoric naterial takes placs.
l Buddbue (40) made a direct attempt &t ecllecting
meteoric dust infiltratimg the upper layers of the earthts
stmesphere ly individual meteeric streame, au&h ag the streanm
" of Gaminiden., Barti&x@@ of a spize on the order of ten mierons
Cpnd regenbling iron particies of meteoric origin wers dapogit~
Ced on platen, Thene results are likwwiﬁ@ dubious,
in general, a@%wﬁp%@ o d%ﬁ&rmima the direct effecte
R roteorie dust en itropospherd & pwﬁ@%ﬁﬁﬁﬁ {elond tarmation,
f@t@-) pennet at the present time be donsidered suceessful,
¥ore defipite are the siudiesz of mneteoric wmaterial
Cdeponiie op the gurfoce of the earth or ou the ocean kuiutom,
¥, Heeht and B. Patzak {23} performed a chemiocsl analysis on

- micvoscople spherulesn found in tertiary deposits eon the fleor

af the Parific Ccean. 45 & vule, the spheruvles conpliet of a
metzllic core encruzted by o magnetite jackat., lren, nickel
and @obalt were foeund in the sphervles, with an ircon-to-
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nickel ratls of L00:15, i.e., & valua common for meteorites,
In the given ease the ccwmic erigin of the ezamined gube
stancs (spherules) iz certainly aduissible, , '

A% the sane time, Villersaux {(22), having performed
a completely analogous investigation, obtained unesivected
resuliz: he found a considerable content of magnetite spkar-
ules in the ground with ne niskel oy cobalt whatevar, and
eanseguentiy, not of copnie crigin, The soil gsanples ware
taken on the earth's purface, at o distanes of 60 kilometere
frem the eity of Nansy along a stralight iipne, and (for con-
trold purpsres) st o depth of peveral netareg, i,e., ia the
hitherts untrammeled layers af the Vosges, where industrisi
wartes are abgent. Villermaum showsd that the particlss be
found were composed of magnetite ?&304 and were of various
gizen, from the very smallest Up €0 0,5<1,0 nitiinetory in
diameter. The pariicles wers drawn from the test samplen by
means of a magnet and passed through geveral eleves for sert-
ing aoconrding to finemesns., Theiy erigin s uncertain, It is
interssting to note that Heunier (23) baek in 1572 pointed
out the presence of such maguetite particles in deep arte-
gian waells, X£, noveower, the precipitation of oy meteor " ~s-
contaminated by varicus elewental sdditives and organie oop=
gtances la admitted as a porsibility { see Buddhuets report
on the falling of a plece of ice welphing 5,44 kilogpraemea
which took¥ place on 36 Auguet 1955 at 4 p.r. and with &
ciear sky (243 ), then the comnmic erigin of pure mapuetite

nmight not seen suech a renocte suppesiiion, although *hisg

would necessitate a reappralsal of our views as to the na~-
ture of neteoritic material, ' B
, G@narally epeaking, finely fragmented netaoritic waw
terial lg encountered Iin aveas of imgact of &fa%@wmﬁ@rming
netenrites, sinne s large meteorite falling on the earth
destroys iteelf as well, Studies of the fomous Avigzons Cra-
ter c¢ontinue to reveal various propertiesn of the metenrite
respensible for it., Becently, new studies were undertaken
on 80l} eamples taken every 500 meters abeut the rim of the
erater, These moil gamples fnclude finely {ragmented pare
ticles of cowidized fronm and metenritic materisl, The total
wags 0f the meteorite (about 12000 tons) and direction of
ity trajeetory weve calculated anew., Howsver the date pre~
sented in Nininger's book (25) Arizona'te Meteoritic Crater®
published In 18056 by the Ameriecan Heteorite Museum show that
the eclleoted samples of metooritic substance are hetero-
ERBReSuR, ’ ’



Az Miainger pointe out, of 100 smalil metensritic par~
ticle wamples from the Bavringer orater,B5-95 were in all
éspeete both atructurally and compositionally similar to
thi mansive samples of the gome meteorite, woighing hundreds
o poudds, They are therefore fragnents of the game body,.
Bat 4 «r 5 sueh snall samples differ in composition == th.. .
samosite platzlets &re parrower, the tenite is more disiinete-
iy 1w svidenee, snd the time reguired for etehing ig several
times sborter, This seemiungly would lead {o the conclusion
thet thase paviticles do not haove thelr erigin in the basie
mams, It ig true that Meulton in hig time had already con-
oiuded that the metecrite which carved out the Arisonas Cras
tay was net s sisgle meteoritic body, but rather a danse
apprerate of such bodies, According to Moulton's estiuate,
Lhe dlamneteyr of this cluster durlny its fzll on the earth
congtituted 4003000 feet, with a total mass of from 06,000
G B, 000,000 tony and an impact veloeity of from 7 teo LS
mites per second., Moulton's suppesitionsuesn better f£itted
o expiain the formation of a erater 1.2 kilometers in diaw-
water, than the hypothesis of 2 solid body falling on earth,
Autually, 14 the entire masy had indeed been coneentirated
in s gingle body, then the diasmeter of the ckater wouid have
Bean 40 meters (with & supposed mase of L,000,000 tons, ac-
sording te 5., Wiley), or 40 fimem smaller then the gize of
the sciusl erater, The formetion of guch a large cratsr
wuet have requlired a detonation of snormous power, and for
that reamon the inpact veleoeglity could have been noe less than
26 kilometers/gecond. In that case the reslstance of the
rooky soill would have eyualiled, sccordisng to #Houlion's ssti-
mate, (gee his 18298 account), about %2 X 10° grans feentineter
me g owalue guificient to have transformed the nmoterial of *he
petsorite along with a consgiderable guantity of rock in to.
impact ares inte the gaseous state,

it 4 not difficult to solve the problem whether the
gaplfiecation of rooks in the ceblter of the wrvater bhad antu-
ally taken place, oy whether the forwaticen of this crater
involved lavgely a dlisplacement eand deformation of the rock,
At any rate it ip easier to suppese that aectually the Avigons
petasrrite bad net beesn a single body, and along with this,
that ite fragoentaztion initc geparate fragments had taken place
gonevhere out in cognic apsoee, and noet near the earth’s gure
face sm a result of terrestrial atmospberie action,

‘ in ar analegous mannoer, the buge Tunzus neteorite,
whoae ensrgy on inpact wagz estimated by F, Whipple (28) azm
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having been no less than 2 X 1621 ergs, was likewise frage
mented inte extremaly fime particlesm. Ancepiting the above
setinate for the value of ite kinetic energy, 1the nmags

of the metecrite at a veleocity of 20 kilometers/second must
have bheen no less than 1000 tens (2 value which ig ceritainly
extremely comservativel), It ig nevertheless significant that
up to the prosent time no remaing of the meteorite have been
found, save gome minute iroa~nickel particles discovered in
gnil sanples taken frow the impact area by L,A, Fulik, staff
menber of the USSR Academy of Sciences Comnittee on Meteori-
tes under the divection of A,A., Yawvnel' (27),

Kerial photographs taken over various cointries ars
an aid in iocating new meteoritie eraters, A number of such
allegedly meteoritice craters have been recently discovered
in the U8 and Canada, 8§, Bealeg (38) bas reported o¥ a newly=-
found erater, supposedly of meteoritic origin, in Ountarie
(U8) [epic: actually in Canada] (@ = 44%27', A= 78°38'),

The erater has a diameter of 1,46 wiles and iz filled with
paleczciec depogits., Ey means of samples of theze deposits
taken by boring in various plaaes'dawn to the original soil
bed of the crater, the initial form of the crater, very
gimilar to that of the Barringer Crater (Arigzona), way de~
termined, Ag fay as it is possible to aseeriain, no meisor-
itie nmaterial remains in and arcund the crater, nor ig there
any iadication of volcanlc material. Bata on another possible
neteasritic erater have been reported by M, Inmes {(29), who
found 2 round depression 8,5 unilles in diameter at Deep Buy,
Saskatohewan, Canada. In thiz ease, the wmain basis for a
coneiusion regarding the meteoritic origin of the depression
censigte 1n the lack of any traces of voleanic activity.
Thero seon to be sone mignsm, howaver, of the presence of
iren and nickel,

Beals (A0) draws attention te the eorrelation in thke
profliies of Jlunar and terreztrial &raﬁergg which conseguently,
in hie opinion, wust be of common origin. A detailed study
of awrial photographs of extensive aress in Cupada has re-
vealed the exlgtence of nine other eraterse and erater=like
fornmatione, Four of these Bealw aseribes to woldanie acti-
vity, the vest ~- tp the impaet of huge nmetesrites, Ir asddi-
tion to the alrsady fameous Chabb erater in Bastern Csnada,
two other forwmations found very recently must be menticned:
a erater at coordinates ¢ = 58%63' and } = 64933' in Labra-
dor, 160 metersz in diameter, almost circular, and bemving
great resemblance to lunar forme; and & I.6~kiloneter ovater
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apw#mﬁ%}y vf very great depth ati? = 48°04' and » = 78%290°
&n Peent , Aotording 1o ﬁale@ntﬁ?mgi@ai datz obtained Lrowm
Yie latter foxmatlieon, ite age must be at lezst 400 miilion
pmars, 4% wmast date back te the Counbrian period,.

A now metosritic orater has likewise ween found in
mmtraile (ALY, Up un#ii that time, there were two known
yaters of neteoritic’ arigi on that continent «-= Henbury
sl Bowholl Station == both iwm morthern Australia, The new
vatuy, disenvored during axvial reconnaisance operstions,

4 jocnted in Central Australis and ie virtually inacceszible,
ne erater, about 1,8 kilometers in diameter, lies at a dis~
snee of 128 kilometers from Mount Dorin northwest of Alice
PEAES chox - 1% wen fiest visited by Hessefel, who found no
ceorites lving directliy on the ground, Thers are gsaveral
wniier eraters in the area of the large eone. Inz efar ag:
e uneteble 2oil 4n the regionm is subject teo rapld cbange,

T omay be supposed thet the orater had been farmed,ﬁo ROVE
wkhan 10O yesars 8gs,

In not & gingle one of these cases wae any (race of
vetesritiec materisl found, Fhe main basie far congidering
whe eraters to be of wmetaovitic origin ig their rounded form,
the akasnos of voloanic materials, conformancs te the well-
kmawn rolationshlips derived by Beiewin betwsen the diameter,
deptbh and vim height for lunar eraters, which, azesrding 1o
wig wiew, are of meteoritic origin,

1p thisz connection, there ie a very interesting ve-
sent mtudy by D. Alter (32) regarding the mnature of the doue

ternations and eraterlets on the Moon, ecarried out with the
aid of photographic negatives taken at “he Hount Wilson Ob-
gervately. . :

Ae far bask ss 1808, the famous specialist on the Moon
P, Puisenz {33) in his book “Earth and Hoon® peinted to two
vemarkable ianpntunces testifying, in his opinion, to the tec-

sppte formation of orateriets on the Meon's sgurface, Thoese
exanples congisal of two demes found in the sauthmrn part of
the Sen of Tranﬂai&zitvg Puissux considered such formations
to be unstablie, and therefore gqulte rare, On negatives ob=

tained by means of a 60-ineh reflector, Liter found a number
of puch shapes, espeeially in the region of the Crater of
Copernicus, These doses pometimes lie aiong the game filssures
a8 the small oraters, and in gsome cases allsrnate with the
tetter, 1t is difficult mot to draw the coneclusion that many
sf the guslil craters were forned ag a result of the sinking
w? such domes. Noting that many coracks and fissures are con~
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‘sary to work cut isdirect motheds of determiniag the wveleo: iy

nected with craters of veloanio srigin, the auvthoer aancludes
that ba&x&aﬁlyg huJar formg hdva their origin in tectonie
pheangmens., : , »
The falling of &ww&wa? m&%@ax %aw bag besn nated re-
cently. D, Bdgar {34) deseribes s metecr ghower which fell
late in Februsry 1958 in Afries om the territory of Yudutiw,
The twe large oblects fTound @%Xﬁ chendritos weighing 3000
and 448 grams, and containing olefin and pyroxene,

An exceptionally bright bolide was obheerved in Seuth
Kazakhaton on 25 December 1657 flying in & northwest te south-
gagt divection at & s.uw, on a clear day, and aﬁpar@ntly fals
iing 4n the mountainous r@giﬁna of Eirghﬁp&a €353, An exvindl
sont out by the Meteorite Commission of the Enmakh S8R . o
damy of Holanoes umd@r the gaperal direciion of ¥.G .Karim@v,
having interviewed many (over 100) a;awitnﬁﬁ@wa, eztablished
all eircumstances comnscited with the flight, but failed to

iovcate the meteorite. , .
Another ext{remely bright bolide, likewise shssrved
by hundreds of persensg, flevw ovar the cutskirts of Alma-Ata
on 22 Hovember 18067 at aboput 7 a.i. ,
B.1. BEvug (28) relates the histery of the findingy of

8

1th% fam@uﬁ Bragin neteosvite (8 frogmeunts found botween 1831

and 52Y: in greater ﬁ@tmil, the same author (37) deseriben
the 3{09? Tind of ancther fr&g?wni of the above~mentioned
setecrite, whiel took place in 1852 4iv the Eawarinokliy ravon
of Gomel "shkaya oblast® I

in sgdition to thiz, a nev meleorite =« fhe Greask
~= was found in 1934 in Belerussia; it weighs abeut 300
kilograms, and cenesists of ivon (94.26%) and nickel (5%};
exhibiting Neumann bands in etebing and unﬁwubtaaﬁy belong~
ing to the hemahedrites '

igmﬂ Astapovieh 6”8} hag r%&anﬁly completed a mitudy
of the scanditioasg surrounding %ha Staroye Pes®yanove and
F@rw&may&k y Poseliok meteoritic showers, More recent 23 -2

sipitetions =~ Kunashak and Hikol'sheye e WO TE invegtigaﬁsﬁ

bj 1.7, Zotkin and Ye.L.Brivev (393, The west uwncertaln factor
in suchk work ds the appavent v&lw@ity; For this reason 1t
would be wise to indicate not orly the parabolic orbita? =«
ments (2 esuves which iz patently incorrest), but alsp . e
elements found with vepard to the twe Eollowing avppesitions
about the mejor axis: whether the msteorite belonge to the

astercidal belt and the eorrespondence eaf ite path te the

gime of the esxth's orbit. In additien to this, it is n%efzw
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o d mwt@oritic filight %hrawah the atmoszphere on the basis

$hi aurvature of the apparent bolide trajectary betwesn ape-
pifie altitudes, In many cases, a bright bolide will be seen
vy many observera over a large portion of its trajectorv, but
ihe Telueity of its motion always remalns uneertain, 1t would
alme be yory meﬁwtanﬁ_&o deternine as precisely as possible
wiHe apparent and theréforethe aetual sizes of bolide heads,
48 well as to formulate an appropriate theory to cover tlese
ahieate, According to Ye.L. Krinov and I1.,7. Zotkin, in the
tee f the falling of the Eunaghak meteorite, the Lolide
teed dizmoter eoryected te pull distence te the observer,

vy REG meters, many times that of the actual size of <the

g lasrite, : '

Arother problem which requir@a careﬂul study consisgis
o ﬂw%@wmimimg the soctual mass loet by largs nmeteorites in
thedir filight through the atmogphere,. In regard to ordinary
metetrites, no ene doubts that with existing cosnle veloaiw-
fiem, theov rbme mass according to the exponential law in
wyual proportionm, independently of thedr initial sgizme (40),
in thie conpecstlion, 34 asbhould be made n ragular'graﬁti@@'in
snlouiating the stresses sot up within metsorites during at~
mwmphmwi& decslaration, to conpare these with determinations
Gk hardness ubiained by laberatory methods, This would be
mmpa@ially,ﬁnterea%ing in cames gudh as that of the extromely
{ragile Wikol'tskove meteorite whieh fell near Moscow in 1956,

The Committes on Meteorites of the USEH Aendemy of
Seiences keeps a continual record of neteorits falls and
bolide phenomena, enlisting for thie purpose the assistance
of a largs corps of correspondents., Thus, for exanple, 498
pright bolides were registered in 18858 and 73 in 1¢57. This
valusbie woxk will continue, and could very well lead to very
fntereating results, especialily if the major axes of the eor:
responding orbita can be determined with greater securacy.

Special mention should be made of the publication ef
the firet volume of & collective work devotes %o the Sikhote-
Allaunkiy neteorite, The firgt vaiume, which ireludes g lavge
iliustrated atla@ G crater@, ‘eontaing the fallmwing papers,

among others:

N B, nivari ~e Won the Apparent Trajectory of the
Meteorite in the Atmosphere™, The suthor succeeded in finally
establishing the trajestory ourvature; zenithal distance en-~
tyry angle was 47%, and the f£all angle was 30°, The linegar
diameter of the belide reached 0,61 kilometers, The volume of
the tall was appraximataly 30 kilomateras, :
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Ye.L., KErinevy ~~ "Op the Circumstances Survounding the .

Pall of the Bikhote-Alimskiy Iron Shower®™, Altogether 383
geparate falls ~~ eraters and depreseions of various sizes
~= wore noeted., It is intevestinmg te point oul thast the frag~
mentation ef individual nmeteorites whieh formed the eraters
began with a crater diameter of 9 meters, 4 relationahip has
been established between ¢rater diameter and depth, as well
as betwssn the size of the orater apd the total guantity of
netesritiec material found within 1t. Extending this relastione
ghip to all the craters, Ye.L. Kripov estimated the total
guantity of iron material fslliing on the t@rritmry (-3 4 tha
eratey field to have been 70 tons,

A& number of other studiee on the ﬁikh@tﬂwﬁlﬁnakiy
meteorite have been completed and are beling printed in the
Meteoritiks (Metsoritics) colleetions, , _

The paper by ¥,1, Diyskonova presents the results of
a detailed study of the chomical composition of the Sikhote~
Alingkiy wetecrite, with the content of sehreibersite and
other constituents separstely determined. It may be cousider-
ed conclusively established that the iroaz content fa $3,20%

the nickel content «= 5.84%, and the ccbalt conteut = 0,38%,

ete, The gpecifie welght ie 7,78, The cemunite, avﬁiliﬁa,
sehreibersite, chromite cant@mta. ettt , wers aaparately G~
termined, :

On the basie of a detalled minerzlogieal analyasis of
the same metesorite, and mainly on the basmie of nicroscopts
analysis, L.G, Evashz lists the following percontages: mi-
ekel~iron (camasite, rabdite, tenite, plessite) e 38, 3%,
sshrsibersite ~~ 1,40%, and treilite == 0,30%, 8he zlso stude
1ed the strusture of the camamite rods and the gonersl sota-
hedral structure, ’ o

The paper by V.I, Kolomenaskiy and 1.A, Yudim deals
with the microscopic mineralogical study of the fumion cruast
structure in individusl samples of the Bikhotes~Alinskiy me~
teorite, and the mﬂtearia and meteoritic dust connected with
this bedy, _

Finslly, the paper by A.A. Yawvnel®' and §.8, Fonton
presents the rosulte of ptudies on the mechanical prepertios
of the Sikhote~Alinskiy metesrite. Intermediate layers in
the neteorite reduce ita strength by & facter of L0 and con-
tribute to 1tg fLragmentatien im falling. Upper Llimit for
toensile strength is reached at 4.4 kg/mn2 (kiiograns/milii-
meter?), 40,6 kefwn? for compression strength, and 13,0
kg/mn? for bending strength.
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Other notable work ineludes the study of the most di-
verae physical properties of meteorites carried out by XK,N,
shatenyeve at the CGueiogy Institute af the Ukrainlan S8R
Aondeny of Sclenees (4)), OFf gpecial int&reet ig her dater-
winstlon of m&taar*ﬁic p&ra@ity, which turned out to bLe
e bives the avermga pmrwmity of ulira~primary terreatrial i
Panaony rocke., Idg tarFestrisl nineraia, the anounts o micree
and moacre-porosity are almost egual, while in meteorites, the
hetter fﬂ&d@mﬁﬂm?ﬁﬁ considerably. Totald porosity in motacye
itwn fluctuates belwsen 6.7 and 18,%%, The author annciudea
hat metesrites were formed thramﬁh the agglmmaratiom of
Aelid payticlen.

Borking fov the Heteorite Comnittes of the USSR Ace ‘
dimy ol Seilences, M,.1., D'yakonova and V.¥a, Eharitonovs ﬁalv“
tormed ohend cal analysas for 14 aifferent composents ot 7
grone meteoriteos and & aﬂamananta ef § dron meicoriteo

L., Bvagsha used AN, Zavarnitskiy's technique ta
eonstruct & vestor di&gram of the chemical compozition of
nehondrites showing the n@twagrap sie prau@rtiam of vovious
tvpes of sehondrites and their relation to the e@rreﬁpwnding
types of rocke in the eartb®s crust. _

J, Winchester and A, Aten (42) studiec the load content
in aight iroen meteorites, includiny gamnples from ths Arizona
oyater, Trhe lead ccontent turned out o vary widely, with an
sverage of 8,7%. Inscfer as can be ascertained, the lead,
a5 welil as the palladiun and gold ¢ountent as found exclusive=
iy in 4he iron phase are entirely independsnt of the ratia
botwoen the iron and gilicate phases, _

' Acoording te H, Onishi and B, Sandeil {(43) who stud-
fed lead distribution in weteorites and torrestrial rooks, -
there igs no gignificaspt difference in this rospect betweaen
¢osmic ond earth matter, Nor ig theve any interdependsace
between thé Zead and nickel content in melenrites, with only
& very weak corralation with the gold and palladium content,

In an extensive paper covering 88 ivon and 9 sione
mateordtos, L@vawinﬁ (44) and his oeosuthorg studied the
galliom, gormanium, cohalt, chramium, and oopper dirtribution
with relation to nieks) centent and general structure., It
weg conflrned that ag regards gallium and germanium conce
traticns, all setesriiss definitely #all into cne of fo.ur
distinet groups and that in eack of théne groups the cone
tont of the &n@ﬁantad al@mumtm fluetuates within sufiiciently
narreéw limite, o . )

it ie interestingte note that the palliasites are
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chara&terized by an almost equal gallium eantent and almust ,
total similarity to the galliuvm-germanium. group 2, establighe
et for neteorites in genersl, Remarkahie sorrolations vere
also found between the conecentrations of various elewents,
Not considering it necessary to liat all papers reoe
lating to the determination of the ¢centent in weteorites of
various rare elements and minerals, I will morely say thr
although most sueh papers are deveid of general theoreliesl
gignificanee, they nevertheless contain imporiant f@ﬂtual'

- material which must be taken inte avcount in examinlng the

problem ef the t@vmatian of meteoritic substanes, In any
case we gee that meteoritics in ites modern phasée of develep
ment not only bears a perféectiy definite relation t¢ cosmow
gony, but ig also beginning to sccure faatuml date an to th@
history of the sclar system iLtsels, - '
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