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Velocity distribution and energy partitionning of fragments produced 
by catastrophic collisions of planetesimals significantly affect the proto- 
planet growth. However, the experiment a1 approach to this problem has 
not bee sufficient due to some technical difficulties. Only the velocity of a 
fragment splashed from the antipodal point (hereafter antipodal velocity) 
was scaled by a general scaling law using the nondimensional impact stress 
(NDIS) parameter (1, 2). As for the velocity distribution, recent experi- 
ments by Nakamura and Fujiwara (3) in a high velocity range determined 
t bee-dimensional velocities of some tens of fragments. Their results show 
that the fragment velocities are proportional to m-1/6, suggesting that the 
kinetic energy is proportional to the surface energy. In this paper we report 
some results of our new series of impact experiments on three-dimensional 
velocities of Eragment s. 

Experiments were performed in the impact velocity range of 140 to 
650 m/sec. Targets were basalt and pyrophyllite. Projectiles were alu- 
minum. Motions of fragments were recorded by a high-speed camera with a 
stereographic device in 1500-3000 frame/sec. The initial position and tree- 
dimensional velocity of each fragment was determined from the analysis of 
the films. Each recovered fragment was weighed and identified with the 
image on the film. The total mass of fragments of which velocities could be 
determined is 75 to 98 percent of the initial target mass. 

Results shown in Fig. 1 are on the mass-velocity relation. In this 
figure, fragment velocities are normalized by the characteristic velocity (2), 
v* = Y/Co p,  where Y, Co, and p are the strength, bulk sound velocity, and 
density of the target, respectively. Fragment masses are also normalized by 
the original target mass, Mi. These results show that the velocity range 
of fragments except h e  particles in the jetting is lather narrow, at most 
within a factor of 3. The present results also show that the mass dependence 
of velocity suggested by Nakamura and Fujiwara (3) is not evident. 

Figure 2 shows the average (weighted by the mass) fragment velocity 
normalized by v* and suggest that the v/v*- NDIS relation is an appro- 
priate scaling law to describe the overall fragment velocity as well as the 
antipodal velocity. On the other hand, this result shows that the energy par- 
tition to kinetic energy of basalt fragments is an order of magnitude larger 
than that of pyrophyllite fragments, because the normalizing velocity, v* 
of basalt is four times larger than that of pyrophyllite. 

These results suggest the fragment velocity is not simply controlled 
by the surface energy, but by the shock wave strength and target properties 
which may yield complicated consequence of the shock wave generation, 
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expansion, and decay (2). Anyway, further experiments and analyses are 
necessary to complete understanding. The present met hod using the st ere- 
ographic device will be a useful and powerful one for this purpose. 

REFERENCES: (1) Takagi, Y., H. Mizutani, and S. Kawakami (1984) 
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I Target u* V ,  Mi NDISrni/Mi I 
(m/s) (m/s) (g) 

Pyrophyllite 8.98 '653 339.1 0.344 0.141 1 
0 Basalt 33.8 140 139.8 0.119 0.825 I 

Fig. 1. hilass-velocity relations of fragments. Circles with horizontal error- 
bar show the data on images which were not identified with recovered frag- 
ments. The masses of these fragments were estimated from the projected 
areas on the film. I I I 
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Fig. 2. Average fragment velocity normal- - 
ized by v* as a function of the nondimen- 
sional impact stress. The solid line is, the 
antipodal velocity of the previous study (2). 
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A new lunar meteor i te  EET87521 derived from a m a r e  region of t h e  
Ear th ' s  Moon (1,2)  has been s tudied by various mineralogical techniques and 
w a s  compared with Y793274 with a similar o r i g i n  ( 3 ) .  C l a s t  types and 
pyroxene mineralogy have been used t o  i d e n t i f y  t h e  re la t ionsh ip  t o  known 
lunar mare basa l t s .  W e  inves t igated  a polished t h i n  sec t ion (PTS) 
EET87521,55 supplied by t h e  Antarc t ic  Meteorite Working Group (AMWG) by 
e lec t ron microprobe and scanning e lec t ron  microscope (SFX) JEOL 840A and 
glassy matrices i n  s m a l l  chips of Y793274 from NIPR ( 4 )  w i t h  an Hitachi  H600 
ana ly t i ca l  transmission e lec t ron  microscope (TEM) and JEOL lOOCX TEM t o  see  
shock microtextures. 

The EET87521,55 PTS c o n s i s t s  of b a s a l t i c  c l a s t s  and fragments of pyrox- 
ene, o l iv ine ,  and plagioclase  set i n  matrices of glassy mater ia ls .  A t  one 
corner of t h e  PTS, t h e r e  i s  a l a r g e  b a s a l t i c  c l a s t  (BS1) 5.8 X 5.5 m i n  
s ize .  Many p a r t s  of it a r e  shock-disturbed and i t s  subangular fragments a r e  
s e t  i n  a brown swi r ly  g l a s s .  The rounded l a t h s  of p lagioclase  a r e  a l s o  
shocked, and p a r t s  of them a r e  maskelini t ized o r  melted. The pyroxene crys- 
t a l s  are up t o  1.4 X 1.0 m i n  s i z e  and show extensive chemical zoning in 
the  pyroxene q u a d r i l a t e r a l  towards t h e  Hd (hedenbergite) corner (Fig. 1). 
The pyroxene-plagioclase r a t i o  (vo l . )  is  about 2: l .  A mesostasis por t ion  
cons i s t s  of f a y a l i t e  (Fa ) ,  i lmeni te ,  and a s i l i c a  mineral. The An-content 

90 of p lagioclase  c r y s t a l s  range from 92 t o  82. Pyroxenes i n  o the r  b a s a l t i c  
c l a s t s  ( e - g .  BS2) and fragments i n  t h e  matrix show a similar chemical t rend 
t o  BS1. 

Of two plagioclase-rich c l a s t s  about 1 mm i n  diameter, one contains 
pyroxenes c lose  t o  t h e  Hd corner,  but  another (NR2) contains one of the 
Mg-rich pyroxenes w i t h  t h e  l e a s t  chemical zoning with Mg#f100 X Mg/(Mg+Fe)] 
=54 t o  46. Because t h e i r  p lagioclase  crystals show chemical zoning, these  
c l a s t s  a r e  not highland plutonic  rocks. One of t h e  c h a r a c t e r i s t i c s  of 
EET87521 is t h a t  t h e r e  are many f a y a l i t e  fragments (Fa t o  Fa ) with high 
C a  contents ,  which are zoned from Ca#[ 100 X Ca/(Ca+~g+%) ]=0 .g9$ 1.5 mol %. 

Y793274,91-2 is a fragmental breccia  r i c h e r  i n  angular mafic minerals 
than plagioclase.  Clast-laden g lassy  breccia  and small number of g l a s s  
spherules and g lassy  fragments a r e  a l s o  present .  I n  one region,  fragments 
of pyroxene and o l i v i n e  are set in a white ( t ransparent )  maskelini t ized 
plagioclase  matrix rimmed, i n  p a r t ;  by swirly g lass .  One gabbroic c l a s t  
(GB2) 0.8 X 0.4 mn i n  s i z e  c o n s i s t s  of a rounded o l iv ine  0.2 mm across i n  
p lagioclase  and pyroxene. Their modal abundances (01iv:pyx:plag) a r e  about 
1:3:3. The An contents  range from 96 t o  89. The pyroxene is one of the 
most Mg-rich among t h e  Y793274 pyroxenes (Ca Mg Fe ) and shows f i n e  ex- 

1 28 so lu t ion  lamellae of aug i t e  ( 1.2 pm wide wid12. 9 pm unntemal) . The o l i v i n e  
c r y s t a l  (Fa35) still  p rese r res  t h e  i n i t i a l  zoning t rend of CaO during crys- 
t a l  growth. Therefore, GB2 is not a p lu tonic  rock. No l i t h i c  clasts of 
apparent p lu tonic  highland o r i g i n  have been recognized in t h e  PTS. Inverted 
p igeoni te  o r  pyroxenes with coarse exsolution lamellae have not  been found. 

The chemical t r ends  of t h e  Y793274 pyroxenes are thus a combination of 
the zoning t rends  of quickly cooled lavas ,  and exsolved pyroxenes of d i f -  
f e r e n t  Mg# with l imi ted  Mg# range within one c r y s t a l .  The most Mg-rich 
t rend is  t h e  exsolution t rend,  whereas t h e  Fe-rich t rend is  similar t o  those  
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of EET87521. The results suggest that the chemical variation is not due to 
the presence of many pyroxene-types from different crustal rocks as other 
lunar meteorites exhibited (5). The zoned pyroxene chemical trends of 
EET87521 and Y793274 may represent pyroxenes such as those reported for rare 
mare rock clasts found in Apollo 16 breccias and Luna 16 (6), and lunar 
meteorites (7). The original rock is coarse-grained. The Apollo 16 zoning 
trends cover more Mg-rich side of the pyroxene quadrilateral than EET87521. 
The most Fe-rich trend of EET87521 goes to that of hedenbergite in the HPF 
clast in Y791197 (8). The presence of such Fe-rich mineral fragments in 
EET87521 and Mg-rich clast such as GB2 in Y193274 suggest that these brec- 
cia~ represent thick lava flows of differentiated materials, and that the 
lavas originate close to the lunar highland from where many lunar meteorites 
were derived. 

The microscopic features of matrices of EET87521 and Y793274 are 
similar. The TEM observation of Y793274 revealed that it is characterized 
by shock-produced melts of plagioclase, olivine and clinopyroxenes, etc. In - .  
plagioclase, shock-produced glass lamellae are often observed. The olivine 
crystal shows numerous dislocations, and no recovery was observed. The 
facts suggest that this sample has never reheated after the shock event. 

In summary, EET87521 and Y793274 are fragmental breccias with minor 
regolith components and are rich in pyroxenes suggestive of mare origin (or 
non-crustal). The mare components are a coarse-grained rock similar to 
those with chemically zoned pyroxenes found in -110 16 breccias (eg. 
60019,Ba-2)< (6) and the TILT basalts in other lunar meteorites (7). 

We thank AMWG and NIPR for the samples. 
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Fig. 1. Pyroxene quadrilate- 
ral of EET87521,SS. Solid 
circles: BS1, dots: indi- 
vidual measurements, open 
circles: NR2. 
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