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THE EXPERIYENTAL PRODUCTION OF CHONDRULE R~HS:.'CONSTRAINTS ON 

~ii~i.iDi?LiLE R I M  ORIGINS Har.01 d C .Conno1 1 y r . and Roger. H. iiew.i ns 
23p-i.. o f  Geoi g i c a l  Sc iences ,  2utger.s i j n i  v . ,  New 6r.unsw,ick, g j  
0 3 9 0 3  

INTRODUCTION Exper:iments r.epr.oducing chondr .u le  r i m s  have been 
i . i m i  t e d  ( i $ 2 )  and ther.efor.e t h ~ :  rwei a t i o n s h i p  between chondr.ul e  
-for.niai:i'on and r- i in i o r . n i a t i on  i s  poor.1 y under.stood. i i i r w  i j xper . iments  
p i .esen ted  be low  ori r . i m  .For-rn- c : ~ i o n  I-.' p i a c e  c o n s t r . a i ~ t s  on e x i s t i n g  
rnociei s for .  chor idr-ul  e  r - i  RI fo r . rnat ion.  

EXPERIMENTAL TECfiNIQliE Exper-irnents were per-for-rned i n  a \rer.t i c a i  
rnufFit :  t ub5  f u r n a c e  a t  i akm w i t h  a  c o n t r - o l 1 5 d  f02 e i  0 . 5  l o t )  - 
u n i t s  b e l o w  t h e  Fe-FeO b u f f e r *  cui.ve. I W O  se r - i ps  o f  e x p e r i m e n t  
war-e per'for.rned u t i 1  i z i n g  d i  i - fe r -en t  t e c t i n i q u e s .  The i i r . s t  s e r . i e ~  

...I - u t i  1 1  zed .;;I p u i f s r .  ( 2 )  t o  prsoducs a d u s t  c i o u d  w i t h i n  t h e  f u r -nace  
c j i~r . ing k h ~ .  for . rnat iona i  h i s t o r - y  o f  a s y n t h e t i c  choncir.uie. 
The second se r - i es  u t i  1  i zed 6 ju r .bo i  e  and  s y n t h e t i c  chond r -u les  
t h a t  w9r.e d i p p e d  i n  a c e t o n e  and c o v e r e d  w i  kh  a d e s i r e d  
c o n ~ p o s i t i o n  a s  r i m  d u s t .  The new c h a r g e  w i t h  t h e  d u s t  was t h e n  
i nse r+ ted  i n t o  t h e  f u r n a c e  a t  a  d e s i r e d  temper.atur.e. Goti-, s e r i e s  
o f  exper . iments  u s e d  Fa100 s1ag;and S i 3 g  m i x 2  1 (72.861FalGO s l a y ;  
12 .  86%Anso Iic.,29460px') and<' two &different ,gr-a5 n s izas ,  The f i  r.st 
g r a i n  s i z e  r a n g e d  fr-om 5 0 - 5 0 0  m i c r o n s  and t h e  second g r a i n  s i z e  
ranged  f rorn 23  micr-ons t o  submicr.on s i r e d  par . t ic les .  

R E S i i i T S  I n  . t h e  f i r - s t  se r - i e? '  o f  expe ra imen ts  a p e l  l e t  was hea t e d  i r i  
A Lne 1 .Fur.~.iace t o  c r - sa te  a m e i t  sphere ,  t h s n  c o o l e d .  k t  or, b a l o w  
so l  i d u s  ternper-atur-es,  d u s t  was i n t r . oduced  i n t o  t h e  fvrbnace w i t h  a 
p u f f e r .  ( 2 ) .  W i t h  50-SGO micr 'on FalOCi s i a g  d u s t ,  s i n t e r i n g  t o  t h e  
c h a r g e  occur.r.ed w i  ti1.i n  2 m i n s .  C o n t i n u i n g  d u s t  s t i coc tn te r .~  caused  
gr.a.in t o  gr .a i r i  s . in ter " ing,  and hence r i m  ~ r - o w t h .  Op.tin:um 5inter.S ng 
occur.s b e t w a a r ~  i 9 0 0 - i  10GeC. Dus t   encounter.^ above 1 100°C r e e s u i  i: 
, in rnel t.;d r-.im t e x t u r - e s  or- a f f e c t  c r y s t a l  l i z a t i o n  o f  the c h a r g e .  
Below 100C)oi: t h e  . iower.  t h e  ternper.atur.e, t h e  weaker. t h e  s i n t e r i n g  
and I-in15 w i~ . i ch  f 0 r . m  be1  GW 9GG°C d i  s i  n teg isa te  .. Pr.el i m . i  r1ar.y 
2xpcr.imeni:s w.i.!:ti 91 .a i n  s i z e s  o f  23 m i c r o n s  and l e s s  show o p t i m u t i  
s i n t e r - i  ng ternper.atur.e f r om 900- I O O G e C .  E4ei ther. g r -b i  n s i z e  r a n g e  
silows any gr.a i  1.1 gr-owtt i  and pr-e1iminar.y exper . iments  w i  ti) S l a g  m i x  
I s i ~ o w  no  ci?ai-ig.; i n  m, iner -a iogy.  

-F I 1 n 2  seconci ser.Ses uf sxper..irnenf;s r.rpr.uduced ctlcinii i.uie r . i n~s  b y  
us.Tng c o i  d B j u i - b o l  h or. syn t h e t . i c  c h o i ~ d r - u i e s ,  d i p p i n g  them . in 
a c e t o n e  a s  a g i u e i n g  medium, and t h e n  c o v e r - i n y  them w,i,ish c o l d  
d u s t ,  Th*se .ixper.irnents wer-e sugges t  b y  A l a n  Ficlbin iper.s.comin. j t o  
unc ier .s tand . i f  c o a r s e  gr.ai ned r- ims c a n  be  fo~.med f r o m  f i  rte g r 'a i  ned 
r i m s  ( 3 ) .  Exper ' i rnentu u t i l i z i n g  Fa100 s l a y  o f  50-600 m,icr.un grbain 
s i z e s  r a n g e d  . i n  temper.atur.ss f r om 500 t o  1200°C and h e a t i n g  t i m e s  
f r o m  3 . to 120 rnirrs. S i n t s i - i  ng f r -o~n  500-9GOCC pr.oduee4 poor.1 y 
s i n  t e r -ed  r - i  ms t t ia t  d.i s i  n t e i r 3 a t e d  when r.en~oved f r o m  i-hi. sarnp1 i; 
rsod. Rims for-med between 300- 1 iOO°C ar-e wei  1  ~ i r ~ t - e r . e d ,  u i  t h  opt.imum 
s i n t 5 r . i  ng occur.r. ing ,fr.orn 1000- 1 10G°C. Rims for-med above 1100°C had 
me1 t e d  t ~ x t u r . e s .  k B j u r - b o l e  chondr .u le  t h a t  was hea ted  a t  1O59"C 
,For. 10 rn ins,  pr-uduced, a' . r i m ,  b u t  t h e  p o r e  spaces . i n  t h i s  t..in~ are 
f i l i e d  w i t h  Fe-i4.i me ta l  and s u l f i d e s  t h a t  miyr .a tcd f r o m  t h e  
chond r -u i c  t o  .ti12 r-.im. E x p e r i m e n t s .  a t  longer '  t i m e s  for. t h e  same 
.temp%:-atur-e show no F i . - N i  rr istal or. su1 . i . ides,  i;r-ei i m i  nar-v 
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CtiOiiiDRULE RIMS; C o r ~ n o l l  y ,H.C,  and t iewins, 2 .3 .  

axper..imen.ts u s i n g  gr.3.i 1.1 s i z e s  O F  23  r n i c r ' u ~ ~ s  and 1 ~ S S  si .10~ optilnum 
5.i  ntgr..i i;g~r\l;,er*a tur.e o f  300- 1 O O l . j C 2 .  Tefnpe~..atur.es i ;.I a x c ? ~ s  or' 
i 0 0 0 " C  pr-oduc.3 i - i~ns  w i  L i 7  . me1 t t e x t u r e s .  N, , i . i :h~ i r*  y i . 8 . i  11 s i z e  ,i 1.1 
.i .t il .I r, t y p e  exper ' imen' ts show an-y g r - s i  n gr-owth.  F'i.el in~. inar-y  

exper- iments w i t h  S lag  111.i x 1 show no change i n  111.i nerbaiogy or. gr.a.in 
g!-owt h 6 

DISCUSSION Dust  encounter.ed by a s y n t h e t i c  chondr-ul  e a t  ors be1 ow 
i t s  s o l  i d u s  pr.oduces r i m s .  Subsequent d u s t  enc0unter.s a t  or. be1 ow 
so l  i d u s  tempar.atur.es pr.oclucr g r a i n  t o  graai n s i n t e r - i  ny ,  and hence 
rim gr.owth. Dust  encountet.sd above 301 i d u s  ternpet-etur e can z f f e c i -  
c r . y s t a i  1 i z a t i o n  w i t h i n  thr, charge,  and e n c o u n t s r . ~  a t  l ow  
temper.atur.es do n o t  s i n te r . .  Mu1 t i p 1  e d u s t  encounter.5 o f  d i f f e r e n t  
y r - a i n  s i r e s  can pr-oduce iaye i -ed  r-irns d u r i n g  a s i n q l e  coo1 i r lg  
evcr t t .  Reheat ing  o f  s y n t h e t i c  and na tu r -a i  chondrsuies t h a t  have 
dus t  s t u c k  t o  t h e m  a l s o  pvobuce r-irns. Layer-ed r i m s  may be 
pr-oduced b y  r e h e a t i n g  of c o l d  chondr.ules and d u s t ,  b u t  many 
h e a t i n g  e v e n t s  a r e  rregded.' The s i m p l e s t  o r i g i n  For. l a y e r e d  r i m s  
i s ther-efor-e c o n t i n u e d  ' d u s t  encounter. dur - i  ng i n i  t i a 1  choncir.ul e 
c o o l i n g .  

.A< - .+.A- 
B o t h  s e r i e s  o f : . & ~ & % ~ ? ~ k . t s  ..; I".r. - a -  , tisvc shown t h a t  r i m  f&.m&tion i s  

dependent o n  the  tes-si@ra.%m-+, ,*.-.- ,., C- :. o f  s i n t e r i n g  and amount and g r a i n  s i z e  
of  t h e  d u s t .  Rim cjus-k, t h a t  -r-)ages between 50 -600  rnicr.ons for-ms a .+ &&. ' 5 - 
w e l l  s i n t e r - e d  riin-' bghvs&n":' ~JG~O-IICIO"C, whereas g r - s i n  s i z e s  fr-om 
23  micr-ons and b e l o w  s i n t e r  b e s t  between 900-1000°C. Foor- 
s i n t e r - i n g  i s  obser.ved below these  obtimum temper.atur-es and 
t i :xtur-es i n d i c a t i v e  o f  me1 k i n g  occur. above these temper.atur.es. 
6 0 t h  s e r i e s  o f  exper- iments show t h a t  t h e  s i n t e r - i n g  o f  r-irn dus t  t o  
d c h o n d r u l e  orv charge occur-s i n  3 mins. and r i m s  heated  neat, 
l I G O ° C  for. 120 mins. or- rn0r.c- b e g i n  t o  equ l i b r -a I -e  w i t h  t h e  
enc losed  chondr.uIe.  R i m  a q u i s i  t i o n  can ti.~er.sfor.e occur. i n  a few 
m i r ~ u t e s  t o  an hour.. No g r -a in  g r o w t h  was obser-vea i n  e i t h e ~ .  s e r i e s  
o f  exper- i rnents,  One un ique  rsesul t  o f  t h e  r e h e a t i n g  t?xper*inients 
was t h e  mabi 1 i z a t i o r i  o f  Fe-Ni rrietal and s u l f i d e s  f r o m  a B ju r -bo le  
chondr.ule t o  t -he  r . i w  n ~ a t e r - i a l  . Nei ther .  r i m  rnater. ia i  no r  syr;.theC i c  
chondr-ule c o m p o s i t i o n s  c o n t a i n  Fe-i \ l i  m e t a l s  or- su'i f i d e s  and 
s y n t h e t i c  s u i  f i d s - b e a r . i  ny charges sha l  I be t h e  focus  o f  Fu ture  
expar. irr ients. 

CGNCiUSIONS Exper- imenta l  1 y i t  i s  p0ss.i b i  e t o  sim.i i a t e  chonclr.ui ee 
r i m s  by  a t  l e a s t  two methods; j l j  Tire a c q u i s i . t . i o n  o f  d u s t  a t  or- 
be low s o l  i d u s  temper-atur*es b y  a s y n t h e t i c  chondr.ui e dur. ing . i t s  
Por.matioria1 c y c l e ;  ( 2  j r e h e a t i n g  of c t . ~ ~ ~ ~ C i r . u l e ~  t h a t  have  dclst 
s t u c k  a f t e r .  "quench ing" .  Based on these exper- i rnents w e  conc lude 
t h a t  for. ;the s t u d i e d  gr-air1 s i z e s  coarse  gr.a.ined r-irrrs cartnot t.~ave 
bseri pr.oduced T-rsom . F i n e  gr-a.i ned r i m s .  Concentr . ic  r i m  for.mair.i or.) 
end i ayar-ed r i m  f o r - m a t i o n  i s  b e s t  c o n s i s t e n t  w i t h  d u s t  er~coun-ter,s 
dur- i  ng i n,i t i a l  c.ooi i ng o f  chondr-lul es i n a nebul  ar- seet . i  ng . 
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