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In t r o d u c t i o n :  C hondrit es are  one of  t he most  

p rimit iv e met eorit es and consist  of  C A I s,  chondrul es 
and mat rix.  Besides C A I s and chondrul es,  some ot her 
mat erial s t hat  ap p ear t o hav e b een deriv ed f rom high-
t emp erat ure p rocesses are f ound:  isol at ed mineral  
grains ( e.g.,  isol at ed ol iv ine) ,  met al  sul f ide l ump s,  ig-
neous rock  f ragment s ( most l y deriv ed f rom imp act  
mel t ) ,  and met amorp hosed chondrul es,  and chondrit ic 
cl ast s.  These mat erial s hav e inf ormat ion ab out  t he 
t hermal  p rocesses in t he neb ul a and t he chondrit e p ar-
ent  b odies. 
The Begaa L L 3 chondrit e was col l ect ed f rom 

sout heast  M orocco in 1 9 9 9  [ 1 ] .  I n a sp ecimen t here 
are t wo l it hic mat erial s t hat  are 3mm in ap p arent  di-
amet er,  much l arger t han t he mean chondrul e siz e of  
L L  chondrit es ( 0 .9 mm [ 2 ] ) .  U nl ik e usual  chondrul es,  
t hese l arge l it hic mat erial s show whit e int ernal  ref l ec-
t ions under a ref l ect ed l ight  microscop e.  H ere we re-
p ort  charact erist ics of  t he t wo Begaa l it hic mat erial s in 
t erms of  maj or/ minor el ement  ab undances,  oxygen 
isot op e comp osit ions,  and rare eart h el ement  ( RE E )  
ab undances.  Based on t hese anal yses we suggest  t hat  
t he l arge l it hic mat erial s are ak in t o t yp e I I A B chon-
drul es b ut  dep l et ed in N a and K  due t o l ong durat ion 
heat ing under l ow fO2 condit ion in t he sol ar neb ul a.  

Ex p e r i m e n t a l  p r o c e d u r e s :  W e hav e p rep ared a 
p ol ished sect ion f rom t he Begaa chondrit e wit h 1 5 0  
µ m t hick . The p ol ished sect ion was inv est igat ed wit h a 
p ol ariz ing microscop e under ref l ect ed l ight  and wit h a 
scanning el ect ron microscop e ( S E M )  b ef ore and af t er 
t he ion microp rob e anal ysis.  C hemical  comp osit ions 
of  t he t wo l it hic mat erial s and t heir const it uent  miner-
al s were det ermined wit h an el ect ron microp rob e ana-
l yz er at  K yushu U niv .  
Oxygen and RE E  measurement s were p erf ormed 

wit h t he C ameca 6f  ion microp rob e at  K yushu U niv .  
F or t he oxygen measurement s,  t he 0 .6nA  C s+ p rimary 
ion b eam was f ocused in ap ert ure-il l uminat ion mode t o 
p roduce a ~ 30 µ m sp ot .  The secondary mass sp ec-
t romet er was op erat ed at  9 .5 k V  wit h a mass resol v ing 
p ower of  5 5 0 0  and a 7 5 eV  energy window.  1 6 O was 
measured wit h t he f araday cup  and 1 7 , 1 8 O were meas-
ured wit h t he el ect ron mul t ip l ier.  The normal -incident  
el ect ron f l ood gun was used f or charge comp ensat ion.  
A  S an C arl os ol iv ine was used f or st andardiz at ion.  
RE E  ab undances were det ermined f ol l owing t he 
met hod describ ed in [ 3] .  The 2 nA  O- p rimary b eam 
was f ocused in crit ical -il l uminat ion mode t o ~ 30 µ m.  
The secondary-ion mass sp ect romet er was op erat ed at  
9 .5 k V  accel erat ing v ol t age,  wit h an 8 0 eV  of f set ,  a 

5 0 eV  energy window,  and a mass resol v ing p ower of  
~ 5 0 0 .  

Re s u l t s  a n d  d i s c u s s i o n :  The op t ical  microscop e 
and S E M  ob serv at ion rev eal ed t hat  t he Begaa chon-
drit e p reserv es t he chondrit ic t ext ures,  not  b recciat ed.  
C hondrul es in t he sp ecimen are wel l  recogniz ed,  
which is consist ent  wit h t he announced cl assif icat ion 
of  L L 3 f or t his met eorit e.  M ost  of  t he chondrul es are 
0 .5 -1 mm in ap p arent  diamet er,  ranging wit hin t he 
t yp ical  chondrul e siz e,  whil e t he t wo l it hic mat erial s 
( hereaf t er BL M -1  and BL M -2 )  are unusual l y l arge.  
The BL M s consist  mainl y of  magnesian ol iv ine,  mag-
nesian l ow-C a p yroxene,  and anort hit ic p l agiocl ase:   
F o 8 2-8 9  and A n 8 7 -9 4  f or BL M -1 ,  and F o 7 7 -8 1  and A n 7 5 -8 7  
f or BL M -2 ,  resp ect iv el y.  The F o# s are rel at iv el y con-
st ant  at  t he cores and rims of  t he BL M s.  P l agiocl ases 
are st oichiomet ric:  t hey are p ossib l y cryst al l ine.  
C hemical  comp osit ions of  p yroxenes are shown in F ig. 
1 .  The out er l ayers of  t he BL M s consist  p redomi-
nant l y of  l ow-C a p yroxenes,  suggest ing t he f ormat ion 
of  p yroxene f rom int eract ion b et ween ol iv ine and S i-
rich gas [ 4 ] .  The mineral ogy and chemical  comp osi-
t ions of  t he t wo BL M s are simil ar t o t hose of  p l agio-
cl ase-rich incl usions [ 5 ] .  P rimit iv e achondrit es al so 
hav e simil ar mineral ogy b ut  cl earl y dif f erent  in resp ect  
of  t he occurrence of  met al  and sul f ides t hat  are v ery 
rare in t he BL M s.   
Oxygen isot op ic rat ios were det ermined f or ol iv ine 

grains in BL M -1  and BL M -2 .  M ost  of  t he dat a p oint s 
p l ot  cl ose t o t he TF L  ( F ig. 2 )  and b el ow t he ordinary 
chondrit e chondrul es [ 6] .  The oxygen dat a indicat e 
t hat  t he l it hic mat erial s originat ed f rom a gas reserv oir 
dif f erent  f rom t hose f or p l agiocl ase-rich incl usions t hat  
are 1 6 O-rich in v ariab l e degrees ( e.g.,  [ 7 ] ) .  
C onsidering t he modal  ab undances and chemical  

comp osit ions of  const it uent  mineral s al ong wit h oxy-
gen isot op e comp osit ions,  we suggest  t hat  b ot h of  t he 
BL M s may hav e b een deriv ed f rom p recursory mat eri-
al s simil ar t o t hose f or t yp e I I A B chondrul es.  The 
maj or el ement  ab undances of  t he l it hic mat erial s are 
cl ose t o t he t yp ical  comp osit ions of  t yp e I I A B chon-
drul es b ut  t here are dist inct  dep l et ion in N a and K  
ab undances ( N a2O= 0 .0 5  and 0 .2 5 ,  K 2O= 0 .0 3 and 0 .0 4  
f or BL M -1  and BL M -2 ,  resp ect iv el y) .  Thus t he im-
p ort ant  q uest ion t o b e addressed is how t he N a and K  
were dep l et ed.   
RE E  ab undances of  anort hit ic p l agiocl ase in t he 

BL M -2  exhib it  a f ract ionat ed RE E  p at t ern:   
L RE E > H RE E  f ract ionat ion wit h p osit iv e E u anomal y 
( F ig. 3) .  This RE E  p at t ern is q uit e simil ar t o t hose f or 
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igneous materials such as acapulcoites [10], but differ-
ent from those for mesostasis glass of porphyritic oli-
v ine chondrules [11].   Oliv ine and pyrox ene grains in 
the B L M -2  show  the complementary REE pattern, 
although the data hav e large errors due to the low er 
REE abundances ( about 10 times low er than those in 
the plagioclase).   H ence it is lik ely that the 
L REE/ H REE fractionation and the positiv e Eu anom-
aly are resulted from fractional crystalliz ation, suggest-
ing that the B egaa lithic materials hav e been heated for 
significantly long duration and/ or at slow  cooling rate.   
T he compositional v ariation in pyrox ene ( F ig.  1) is 
consistent w ith the crystalliz ation at slow  cooling rate.  
B ased on the bulk  compositions, the liq uidus tem-

perature of the B L M s is around 16 5 0-16 00 ºC  [12 ].   
P lagioclase compositions set the low er limit for the 
temperature of 14 00ºC  during loss of N a and K .   T he 
ox ygen fugacity during the heating and the cooling 
should be high ( fO2> 10-1 1  atm;  [13 ]) sufficient to pre-
v ent reducing oliv ine.   T o account for the depletion of 
N a in B L M s ( only 3 %  and 15 %  of the av erage N a con-
tent of type I I  chondrules [14 ] for B L M -1 and B L M -2 , 
respectiv ely) at least 2  hours are necessary [15 ] ev en if 
15 3 0ºC  isothermal heating ( fO2~ 5 x 10-1 0 atm) is as-
sumed.    
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Fig. 1 . P y ro x e n e  c o m p o sit io n s o f  t h e  B e g aa l it h ic  m at e rial s 
( B L M s) . 
 

Fig. 2 . O x y g e n  iso t o p ic  c o m p o sit io n s f o r t h e  B e g aa l it h ic  
m at e rial s ( B L M s) .  M o st  o f  t h e  an al y z e d  o l iv in e s in  t h e  
B L M s l ie  o n  t h e  t e rre st rial  f rac t io n at io n  l in e  ( T F L ) .  
 

Fig. 3 . RE E  ab u n d an c e s o f  an o rt h it ic  p l ag io c l ase s in  o n e  o f  
t h e  B e g aa l it h ic  m at e rial s ( B L M -2 ) . 

0.01

0.1

1

10

100

La Ce Pr NdSmEu Gd Tb Dy Ho Er Tm Yb Lu

CI
-N

or
m
al
ize

d 
Ab

un
da

nc
es plagioclase in BLM-2

Begaa LL3 chondrite

-5

0

5

10

-5 0 5 10 15

BLM-1
BLM-2

 δ18O (‰) 

 

δ1
7 O

 (‰
) 

Begaa LL3 chondrite

2sigma

Main O.C. 
chondrule field [6]

TFL

CCAM

Lunar and Planetary Science XXXVI (2005) 1533.pdf


