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The formation of the moon should be addressed in the context of 
mechanisms for Earth formation. A characteristic of some such mechanisms is 
averaging of angular momentum as the planets accumulate from smaller bodies 
(1,2), causing the net angular momentum of the Earth-moon system to be too 
low. This averaging is not a problem if the accumulation is dominated by 
impacts so large that single impacts carry most of the angular momentum. 

This question is addressed by extension of earlier work on planetary 
growth and planetesimal size distribution (3). The size distribution of 
the bodies that impacted the Earth has been studied by more than 20 Monte 
Carlo simulations of terrestrial planet accumulation from a gas-free 
planetesimal swarm. (If the swarm contained as much gas as a "minimal solar 
nebula" (4), gravitational interactions between planetesimals would still be 
more important than gas drag). 500 bodies were assumed to be initially 
distributed in heliocentric orbits, constrained by the initial mass, and 
heliocentric angular momentum and energy of the bodies being about equal to 
that observed, as it is found that these quantities are nearly conserved. 
Except for this, the results are insensitive to details of the initial 
distribution, e.g. whether the mass distribution follows a power law or the 
bodies are all of equal mass. At the impact velocities found, collisional 
fragmentation is a minor effect, as is disruption by tides and fission. On 
a time scale of 107 - 108 years, the swarm evolves to a final state resem- 
bling in size, number and position the observed planets. 

The accumulation of the "Earth" (and "Venus") was always accompanied by 
very large impacts. On the average three impactors were larger than Mercury, 
in almost every case at least one was as massive as Mars. Impacts as large 
as three times Mars1 mass were found in $114 of the simulations. These 
largest impacts have a dominant effect on the final angular momentum of the 
Earth, and at the calculated velocity of $9 km/sec are comparable to those 
required to produce rotational instability. 

The requirement that the angular momentum is carried by stochastic 
large impacts is thereby satisfied for all models of lunar formation 
considered. When other dynamic effects are included, formation of the moon 
in Earth orbit, primarily by condensation of ejecta resulting from the 
largest of these impacts (7,8) appears most probable, provided some physical 
and chemical questions are resolved in a satisfactory way (9,lO). The large 
impacts can also remove planetary atmospheres (11). The stochastic timing 
of these impacts may have caused differential loss of gravitationally 
captured atmospheres of Earth and Venus. 
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He, Ne, A N D  A r  IN ANTARCTIC METEORtTES: SOLAR NOBLE GASES IN A N  ENSTATITE 
CHONDRITE. R. Wieler, H. Baur, Th. Graf ,  and P. Signer, ETH-Z, NO C61, 8092 Ziirich, Switzerland. 

In col laborat ion w i th  the  group o f  K. K e i l  we studied He, Ne, and A r  i n  type 3 and 4 chondrites, 
including an EH4 and t w o  C4 meteorites. Goals of th is  survey include detect ion o f  solar gas r ich meteo- 
rites, ver i f icat ion of suspected pairings, and the study o f  planetary noble gases in type 3 and 4 chon- 
drites. The data are given in  table 1. Petrographic descriptions of these 28 meteori tes are reported in  
(1-4). The analyt ical technique is described in  (5). 

Conf i rmat ion o f  solar noble gases i n  t h e  Enstat i te  chondri te ALHA77156. In (6,7) we reported solar 
type noble gases in  one o f  t w o  samples of the EH4 chondrite ALHA77295, a meteor i te  paired w i th  ALHA77156 
(4). Because this was the  f i r s t  report o f  solar noble gases in  an E chondrite, we analyzed t w o  additional 
chips of ALHA77156/77295. Figure 1 shows a l l  Ne data. Two out o f  the four samples contain large amounts of 
trapped Ne. The data points def ine a straight l ine extrapolat ing t o  a 20-Ne/22-Ne rat io  o f  the trapped 
component o f  12.7. This and the elemental rat ios o f  the  trapped gases in bo th  gas r ich samples clearly 
point t o  a solar or igin o f  this component in  the EH4 chondrite. Preliminary petrographic studies reveal 
no evidence fo r  brecc iat ion (E. Scott ,  pers. comm.). Nevertheless, o f  two  adjacent 5mm sized pieces, one 
contained solar gases while the  other was devoid thereof. 

Pair ing of meteorites. The 7 specimens marked by  (+) in  table 1 are a l l  believed to  belong t o  the 
large ALHA77011 shower (4). Spallogenic as well as trapped gas concentrations and isotopic compositions o f  
a l l  these meteori tes are very s imi lar  (except He in ALHA81032). The data also agree fa i r ly  wel l  w i th  those 
o f  three L chondrites (81, thought to  belong also t o  th is  shower (4). Our sample of ALHA81032 seems t o  
have lost pa r t  o f  i ts  He, and, t o  a lesser extent,  Ne. Nevertheless, the trapped and spallogenic noble 
gas amounts in  th is  sample and in  a l l  others marked by (+)  conf i rm that  they a l l  are indeed paired w i th  
ALHA77011. Concentrations of spallogenic gases are very simi lar in ALHA77156 and in the sample o f  
ALHA77295 without solar gases, conf irming a common f a l l  (4) of these two  EH4 chondrites. Except 3-He, 
concentrations and isotopic rat ios o f  a l l  gases in ALHA81251 agree w i th  those reported in (9) fo r  the  L L 3  
chondrite ALHA76004. This renders the suggested pair ing (4)  of these two  specimens qui te  probable, despite 
the i r  very d i f ferent  degree o f  weathering. Both L 3  chondrites RKPA79008 and RKPA80207 contain within a 
factor  o f  two  the same amounts o f  solar gases and have very simi lar concentrations of spallogenic 21-Ne 
and 38-Ar, which may indicate a common fal l .  ALHA82101 contains nearly t w i c e  as much spallogenic 21 -Ne 
as ALHA77003 ( l o ) ,  which conf irms the  doubts (4)  against a pairing of these two  C chondrites. 

Spallogenic gases. 21-Ne exposure ages are given in table 1. For the samples marked by ( * ) ,  spallo- 
genic 21 -Ne was calculated by assuming the trapped planetary Ne to  have an isotopic composition 
20-Ne/21 -Ne/22-Ne = 26911 132. Shielding corrected exposure ages were calculated according t o  (1 1 ). For  the 
other samples we assumed: (22-Ne/21 -Ne) t r  = 32, (22-Ne/21 -Ne)sp = 1.1. For  the C chondrites, H chondrite 
chemistry was taken. Furthermore, the 21 -Ne production rate in E4 chondrites was deduced w i th  the elemen- 
ta l  product ion rates given in (12) to  be 82% of the rate 
in L chondrites. No pecul iar i t ies are observed in the 14 I I I I V , ,  
exposure ages o f  the H and L chondrites reported here. 
Those of the  two  C4 chondrites are comparable to  the ages - - 
of the C4 meteori tes Karoonda, Coolidge, and '1'69003, and 
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they are considerably higher than the ages usually obser- ALHA 77156/77295 
ved for  C1 - C3 chondrites (c f .  2 ,  13). 

Trapped gases.Besides the two  aliquots of ALHA77295 ALHA77156 

discussed above, also RKPA79008 and RKPA80207 clearly con- 0 ALHA 77295 
tain solar noble gases. In addit ion, the Ne/Ar  rat ios of 
the trapped component in ALHA78133 and RKPA80205 imply a 
contribution of solar gases besides a possible planetary 8 
component. Also a l l  other meteori tes contain additional A r  
besides the spallogenic and radiogenic components. A t  
least par t  of this trapped gas in a l l  samples is pre-  6 - 4  
sumably planetary A r ,  whereby apossible atmospheric conta- 0 - 
mination cannot be excluded. The amounts of planetary Ne 
and Ar in ALHA77307 and ALHA82101 are typical for  C3 chon- 
drites. The two  C4 chondrites contain, as the C4 chon- 
dr i tes Karoonda and Y69003, 1 - 2 orders of magnitude less 
planetary Ar  t h a n  C1 - C3 chondrites (c f .  Refs. in  13). 
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