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6 4 PHYSICAL PROPERTIES OF DFOPLET CHONDRllLES .
Philip M. ~artin a nd A .A .~ill s .

Depar tm e nts of Geo logy a nd As tronomy , Th e
Unl v e r sity , Leices t er LEI 7RH, tI. K.

Mu ch r esearch into t he c hemical a nd mine r ­
alogi c a l cons tltution o f c ho nd r u l e s has been
un dertaken, but véry little has been done to
de termine constralnts on thelr or i g in from
purely physical proper t ies. We have s eparated
d roplet chondrules (ident i fied by thelr nea r
spher i c a l f orm a nd gene r ally smoo t h s u r f a c es )
f rom t hree r elatl vely fri able chondr i t lc met­
eorl tes - Bjurbõle (L4), Ch a inpur (LL3) and
~ llegan (H4) . Ind ivid ual c hondrules were e xa ­
mlned with a ppa r a t u s i n c orporating t wo ortho­
gonal b inocular microscopes, a nd t h ei r t hree
maj o r axes measured. Ma x i mum chondrule diam­
e t e r s r anged f r om 0 .4 to 2.2mm i n Bjurbô ~e,

0 .4 to 2.4mm l n Chainpur and 0.15 to 2.75mm
in Allegan. Hlstograms of the s ize distrlbut­
i on s are negat lvely skewed, exhibitlnq a rapid
rise from t h e smallest diameters to a well­
defined peak. A sharp drop from this l s foll­
owedbya more gradual decrease l n number wlth
i nc r e a s l n g d l ameter. ln Bjurbõle the distrib­
ution peak l i es between 0.8 and 1.2mm, and i n
Cha inpur a t 0.6 to I .Omm. However, l n Allegan
we found many s maller chondrules and t h e d ls ­
t rlbution peaked at 0 .35-0.75mm.

When ph i v a l u e s ( ~log2 d iameter (mm)) are
used in the constructlon -of slze dls trlhutlon
h lstograms the distributlons become more sym ­
metrical, indlcating a log-normal dis tributlon
of chondrule sizes. Cumulative we ight per cent
plots of chondrule sizes for each meteorlte
were found not to conform to Rosin's law.

Var ious analyses were performed to deter­
mine the shape- o f chondrules in the three
suites. ln alI cases the chondrules we re found
to depart f r om sphericlty by small amounts and
i n a r a nd om f as h ion. l n fact the shape p r op­
ertie s of t he three chondrule suites were
r emarka b l y s im ilar.

Af t e r a careful consideration o f the prop­
osed chondrule formlng mechanisms and t h e im­
plications of our results i t -is our opinion
that the melting of nebula dust-ball agglom­
erates by some high-energy event was the most
probable chondrule-formlng process o

Bot h t he disaggregati on and thi n section chondrul es
had si ze di st r i but i ons which obeyed Rosin ' s Law.

The size distribut ion of t he chondr ul es revea l ed
by a thin sect ion of t he meteori t o Chainpur , was fo und
wi t hin exper i mental e r r or , t o a.gree with t he Bjurbdl e
r esul t s ,

66 cossnc SPHERULES AS ROUNDED BODIES l N SPACE*
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SE~l photography of many 'stony' and 'iron' type
spher u l es (from Atlantic and Pac i fi c surface r ed
c l ay) show feat ures wh i ch su ggest t he a l i gned fl i ght
through t he at mosp here , at grazing i nci dence , of a
body that was already round i n spa ce . Some spher ules
show fusi on onl y on one hemisphere, and others show
no fusion anywhere. I f fusion occ urs it i s onl y
superfic ial. Often t he crus t is "brushed" , i ndi ­
cat i ng fl ow i n aligned f light . We believe t hat
cosmic spherules are micr ometeorites , pos sib ly f r om
a cometary sour ce .

Comparison ( SE~I and Xray diffract i on) of t he
stony sphoru les wi th the fusion crus t s of ordinary
and carbonaceous chondrites reveal marked differences.
The surfa ce texture of the meteorite is very smoot h
and the faya li te cont ent of the myr i ads of tiny
olivine crystal s i n t he crust i s about 50% less than
that occurri ng i n i ts i~terior. ln contrast, the
texture of t he spherules i s very crysta l line and the
f aya l i t e content of t hei r ol i vine agrees wel l wit h
that fo r the i nter i or of t he ord in ar y chondri t es .
AIso the magnetite l at t ice par amet er i n fusion crusts
is greater t han t he parameter in t he s tony spherules .

65 A DISAGGREGATION AND THIlI SECTION ANALYSIS OF THE SI ZE
Mm I4ASS DISTRIBUTION OF THE CHOlmRULES III THE BJURBOLE
AND CHAINPUR METEORlTES
David W. Hughes

Uni ve rsity of Sheff i e ld , U.K.

Thi s paper present s the r es ul ts of a disaggrega­
ti on and thin sect i on analysis of t he ch ondrule s i ze
distri but ion i n the friabl e met eori t e BjurbBle . Martin
and Mi lls (EPSL .ll, 239 ; 197 6) imply that thin-secti on
studie s are not va l i d i n this fi eld and the meteorite
disaggregation is r equi r ed. However it was found that
the size distri but i ons of the chondr ules obtained by
these two techni ques agreed wit hin experimental er ror
thus indi cating that t hi n se ct ions can be used to oh­
t ain accurat e va l ues for the chondrule size dist ribu­
tion . The chondrules were found to have a median
diameter of 0 . 80 + 0 .01 mm , a mean densi t y of 3 .258 ~
0 .008 g cm- 3 , and-a median mass of 8 . 7 x 10-4 g. The
l ower l i mi t of the chondrul e diamet er was 0 . 25 ~ 0 . 0 1
mm t he l ar ges t ch ondrule having a di amet er of 3 .67 mm .
l~artin and Mills found a l ower saze Límí,t of 0.4 mm .

Nature 266 515 -5 17 ( 1977).
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As part of a comprehensivc resear ch program on

Brazil i an s t one me t eoritcs, we pres cnt her e the
r esults of mineralo~ical, pe t rologi cal and chemical
s tudies of t hree pr evious l y only poorly describcd
meteorites, I tapicuru Mirim (Maranh~o) . Macau (Rio
Grande do Nor te), and Santa Barbara (Rio Grande do
Sul) .
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CONDENSATION lN SUPERNOVA EJECTA
L. Gros sman , J.M. Lattimer* and D.N. Schramm

Uni ve r s ity of Chi cago; *Universi ty of Illinoi s

Pre-sup ernova s tar s are t ho ught to con sist of con­
cent r i c spher ical shells, con taini ng unburned fuel in
t he out ermos t zone and pr oduc ts of stat ic H-, He-, C-,
0- and Si- burning in .pr ogr es s i vel y deeper interior
zones . Supernova detonation caus es explosive burning
of the matter i n each zone and its e jec t i on from the
star. The ga seous ejecta may expand and coo1 to con­
densat i on t emperatures before appr ec iabl e mixing oc ­
curs between adj acent zones . Because each zone has a
di f ferent elemental and isotopi c compos i t i on , t he con­
den sat i on sequence and isot opic composit ions of cond en­
sates are different in each . Full equilibrium conden­
sation calcula t i ons have been car r ied out for composi­
t i ons r epresentative of the va rious zon es, t aking into
account the pressure dec r ea se due to adiaba t i c ex pan­
sion and condensation and variations in the C/O r atio
and initial t otal pressure. Explos i ve H- and He-burn­
ing zones have similar compos itions and condensat ion
sequence s . They r esemble the f ami liar solar s equences
but a re displaced to higher temperatures rela t i ve t o
them at the s ame total pressure and C/O r atio . This
i s due to the absence of H which , i n solar cas es , di­
lutes t he partial pressures af other elements and , at
C/ O < 1 , binds availabl e ° i n the s table molecule H20.
ln t he exp l os ive C-bur ni ng zane , the Ca/Al ratio is
much l es s than the s olar r atio. AI condenses mostly

SUPE RNOVAE, GRAINS AND THE ORIGIN DF THE SOLAR SYSTEM
David N. Schramm and Steven H. Margo1is

En r ico Fermi Institute, University of Chi cago
The di scovery by Lee, Papanassta ssi ou and Hasserbu rg1

that 26Al (T = 7xl05 yr) was present when the sola r
system forme~ / l ed to the rea l izati on t hat a nucleosyn­
theti c event took place within a few million year s of
the conden sation of obje cts in the sola r syst em. ln
th i s work i t is argued that the s impl est self-consis­
tent such event i s a supernova . ln addi t ion to de­
scri bi ng the det ail ed nucl eosyntheti c ej ect a f rom
such a supernova , the possibl e gra in ej ect a are al so
described. ln particul ar , following the work of
Latt imer, Sc hra~n and Grossman2 it is shown that the
grain condensation sequences in supernova may help
explain the rel ative magnitude of Cl ayton et al o'S 3
160 anomaly in var ious mineral species as well as
many other effect s. Not only is the composi t ion of these
grain s discussed but al so the chances of the ir forma­
tion and survi val . If a supernova did occur, then
the hyd rodynamic shocks from such an event may have
had a causal relat ionshi p to the contraction and
formation of the sol ar system. This possibility is
illustra ted wi t h some selected hydroQynamic models as
is the possibility of mi xing at the proto-solar-cloud­
supernova eje ct a interface. Finally the relationship
hetween the 108 yr r -process-xenon timescale and the
106 yr 26A1 timescale i s discussed and related t o t hé
standard density wave mode l of star formation.

Ir. Lee, D. Papanastassiou and G. J. Hasserburg, 1976,
~. 211, L107 .

~attimer, D. N. Sch ramm and L. Grossman, 1977,
~., submi t t ed.

~R . N. Clayton, L. Gros sman and T. K. Mayeda, 1973,
Science , 485.
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The Hic ki wan meteorite was discovered on March
23, 1974 seven kilomsters east of Mickiw an, Pima
County, Arizona (112 24 ' 32" W., 32 21'30" N.) by one
of us (JEW). It was noticed because of its dark­
brown calor contrasting wi t h the light granit e
gr us of the pediment . The single stone is a wel l­
oriented specimen with the sha pe of a flattened cone
15 cm i n diameter and 6 cm in height , weighing l ,928g .
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David B. Lange* and Klaus Ke i l
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Uni v. of New Mexico , Albuquerque, N.M., 87131 ,USA
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Holladay, Utah 84117, USA
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Itapi curu Mirim (fal I , Ma r ch 1879) co ns is ts of
major ol ivine (Fals, s), orthopyroxen e (FSl e. s),
meta l l ic nickel-iron; minor plagioclase (Or S.3 AbBl.7
AnI3' 0) , troilite ; and acc essory diops ide (En49' ZFS7'0
W0 43· S) , chromite(Uve' 3Cms o' 3Hc z' 9SPI O.S) , native
coppe r , and whi t l ock ite . Mine ra l and bulk compos it­
i on (3 5. 61 SiOz, 0 .11 TiOz , 2 . 05 Alz 03, 0.53 Cr Z03,
9.44 FeO, 0 .3 2 }mO, 22. 31 MgO, 1 . 63 CaO, 0 .7 9 Na zO,
0.09 KzO, 0 . 24 PzOs , 0.90 HzO+, 0.11 HzO- , 1~09 Fe,
1. 93 Ni 0.05 Co, 4.96 FeS, 100.16 Total ) and texture
indicate H5 classi ficat ion.

Macau ( falI , Nov. 11 , 1836) cons is ts of major
ol i vine (FaI9.0), orthopyroxene (FSI 7. 4) , metallic
ni ckel-iron; mi nor plagiocla s e (Or s'4Abs z.IAnI Z' S) ,
troilite ; and acces sory Ca-r ich clinopyroxene,
chromit e (Uvs ' BCmBo. 7HcI.eSPII . 9), and hydrous fer r i c
oxide of terrestrial ori gin o Mi nera l and bulk
composit ion (36 .26 SiOz, 0.11 TiOz , 2. 02 Al z03 , 0.52
CrZ03 ' 6.19 Fe Z03, 8.83 FeO, 0.32 }mO, 22.74 MgO,
1.65 CaO, 0.84 Na zO, 0 .09 KzO, 0. 26 PzOs, 1.42 HlO+,
0.10 HlO-, 12.07 Fe, 1.68 Ni , 0.06 Co, 4 .74 FeS, 99.90
Total) and texture indi ca t e H5 classification.

Santa Barbara (falI, Sept o 26, 1873) cons i s ts of
maj or olivine (Fa z4 .e), orthopyroxene (FSlo .e) ,
met allic nickel-iron; minor plagioclase (Or s . zAbs4. B
AnIO'O), 10w-Ca clinopyroxen e ; and ac cessory high-
Ca clinopyroxene (EnSI. 3FsIO.4W03 B.3) , chromite (Uvs.e
CmSI' 9Pc I . ISPI I' 4) , devitrif i ed and turbid glass.
Minera l compos i t i on ind i cates L gro up classification,
and t extural and mi ne r a l og i cal evidence (abundant
t winned l ow-Ca plagioclase; turbid glass; mi cr o­
crystalline gr oundmas s with no evi dence for extensive
recrystallization) s ugges t petrologic group 4.

THE HICKIWAN, ARIZONA, CHONDRITE: AN ORIENTED STONE

A s t udy oE the t e xture , mine r al c ontent and
miner a l composit ion was made using microscopic and
el ec t r on microprobe techniques. Chondrules are
readi l y discernible , a l t hough some intergrowth wi t h
the matrix ha s occurred. The matrix i s a fine gr a i ned
and somewhat r ecrystallized. Plagioclase occur s as
small interstitial grains, and polysynthetically
twinned clinopyroxene i s present in minor amounts.
Both olivine (Fa 19.4) and pyroxene (Fs 17.2) are
homogeneous (%}ID for FeO i s 1.1 and 1 .3 %, r espec­
t i vely) a s determined by micr opr obe ana lys es. Thus,
Hic kiwan is placed into petrologic gr oup 5. A
modal analysis yi el ds (in weight percent) 14 .0 %
metal , 3 .8 % hydrated iron oxides of terrestrial
or igin, 4.9 % troilite, 67.1 % olivine and pyroxen e,
0.8 % chromite and 0.1 % ilmenite. Calculating
hydr a t ed iron oxide as metal, the mode is very clos e
to the average f or H-group chondr i tes . Thus , the
Hickiwan s t one i s classified a s an H5 chondrite.
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