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Recent studies have shown that the concentrations of cosmogenic radionuclides and light 
noble gases in a representative suite of deep sea spherules @SS) and Greenland particles are 
consistent with the following points (1) that many of these particles are remnants of fused 
meteoroids whose masses were of the same order as those of the recovered spherules, (2) that 
most of the particles had lifetimes in space of more than 106 years, much longer than collision 
lifetimes expected by theoretical calculations [I, 2, 31. As new sources of cosmic spherules are 
found from glacial till in Antarctica [4], it becomes more interesting than ever to understand the 
nature and origin of these particles. 

Three questions seem important to us at this stage. First, are these new spherules found in 
the glacial till of extraterrestrial origin ? What is the relationship among the DSS, Greenland, and 
Antarctic particles ? Second, what is the distribution of micrometeoroid lifetimes ? Third, were all 
these particles small objects in space ? Since spall droplets from larger meteoroids must occur, 
what is their proportion and how may they be identified ? 

The concentrations of cosmogenic l o ~ e  and 2 6 ~ 1  and the major element chemical 
compositions were measured in six individual large spherules (250-780 pg) found in Antarctica. 
These spherules (LC) were collected from glacial till near Lewis Cliff, Antarctica (84.3"S, 161.6"E, 
2200 m elevation) [4]. The spherules were isolated from the sediment by sieving and hand- 
picking. All particles were individually mounted in acrylic resin and a small surface was polished 
flat with aluminum oxide. The quantitative elemental analysis of these polished surfaces was 
performed using an electron microprobe. Concentrations of eight major elements in the particles are 
listed in Table 1. After electron microprobe analysis, each particle was dissolved and Be and A1 
were separated for AMS. The l o ~ e  and 26A1 concentrations were determined using the University 
of Pennsylvania tandem accelerator [5, 61. The results are shown in Table 2. 

None of the LC particles' Mg-Si-Fe compositions fall within the main cluster of the 410 
magnetically collected DSS particles [7]. All LC spherules except LC-5 are relatively Fe poor 
compared to DSS probably reflecting the different collection methods. LC-1 is extremely unusual 
in being pear shaped rather than rounded or elliptical. Although LC-4 has a hole inside of the 
particle, the density of these particles is lower than deep sea spherules whose mean particle density 
is 3.12 gcm3 [8] 

These LC spherules show clear evidence of exposure to GCR (Galactic Cosmic Ray) and 
SCR (Solar Cosmic Ray) bombardment on time scales from a few times 106 years up to as much 
as lo7 years. Many spherules contain high 26~1, up to -240 dpmlkg, which is produced by SCR 
bombardment of small objects in space or very near the surface (<I g/cm2) of larger objects. One 
spherule, LC-6, contains 16 dpm 10Be/kg and 36 dpm 26Al/kg similar to the usual chondritic 
values. The saturation value of loge in small objects (<few cm in diameter) is estimated to be 
about 8 dpm/kg due to the lack of secondary neutrons [9]. The saturation value of loge on the 
surface of a large body (2n: irradiation) such as an asteroid, is about 12 dprn/kg. In ordinary-sized 
chondrites (radius >5 cm) the saturation value of l%3e at the surface is -20 dpm/kg. The l o ~ e  
content can be used to estimate exposure time in space and also the size of the object, while the 
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X A ~  content can be used to estimate shielding depth of irradiation since SCR production of lOBe is 
very low [lo]. The observed lOBe contents are about 20 dpm/kg or less. In previous studies, the 
high 2 6 ~ 1  values were explained as cosmic ray irradiation of small objects or of the surface of 
asteroids [I, 21. However, such a model cannot explain the high lOBe (14 - 20 dprnkg) found in 
six out of 27 spherules including those described in our previous work [2]. The ordinary 
chondritic level values of l%e suggest that this population of spherules may have received GCR 
bombardment in objects of larger size [ l l ]  similar to those familiar to meteoriticists (radius >5 
cm). The combination of SCR produced 26Al and high lOBe can be produced at the surface of a 
meteorite if it is of sufficient size. Two possible sources are (1) surface erosion products from 
meteoroids in their orbits, or (2) spall droplets from larger meteoroids during atmospheric entry 
which was an old idea for the origin of spherules. Although a large portion of the preatmospheric 
mass is lost to ablation [12], a considerable amount of material was exposed to cosmic rays at less 
than 0.5 cm depth in a meteoroid. 

Quartz containing terrestrial pebbles were also collected from the same Lewis Cliff glacial 
moraine. The quartz separated from the pebbles contains in-situ produced 1 ° ~ e ,  (2 .743 .09)~10~ 
a todg ,  and 2 6 ~ 1 ,  (1 1.8f1.1)~106 atom/g respectively. The slightly low 2 6 ~ l / 1 0 ~ e  ratio, 
4.343.42, may correspond to a burial of the moraine beneath ice or soil for about 0.5 My. 

Table 1. Chemical composition of cosmic spherules from Antarctica 

Size 
Oun) 

LC-1 720x980 
LC-2 920 
LC-3 700 
LC-4 700 
LC-5 670 
LC-6 550 

Table 2. Cosmogenic l@e and XAl contents in cosmic spherules from Antarctica 

ID Before Density lOBe l%e 26'41 2% ~AI/loFk 
(g/cm3) ( 109 atom/g) (d~m/kg) (109 atorn/g) (d~m/kg) (d~mJd~m) 

w t  

References : [l] Raisbeck G.M. et al. (1985) in Properties and Interactions of Interplanetary Dust (eds. Giese, 
R.H. & Lamy, P.) 169-174 @. Reidel). [2] Nishiizumi K. et al. (1991) Earth Planet. Sci. Lett. 104, 315-324. [31 
Olinger C.T. et al. (1990) Earth Planet. Sci. Lett. 100,77-93. [4] Koeberl C. and Hagen E.H. (1989) Geochim. 
Cosmochim. Acta 53, 937-944. [5] Klein J. et al. (1982) Nucl. Inst. Meth. 193, 601-616. [6] Middleton R. et al. 
(1983) Nucl. lmt .  Meth. 218,430-438. [A Brownlee D.E. et al. (1983) in Chondrules and their Origins (eds. King, 
E.A.) 10-25 (Lunar Planet. Inst., Houston). [8] Murrell M.T. et al. (1980) Geochim. Cosmochim. Acta 44,2067- 
2074. [9] Reedy R.C. (1987) Proc.17th Lunar Planet. Sci. Conf., J. Geophys. Res. 92 ,  E697-E702. [lo1 
Nishiizumi K. et al. (1988) Proc. Lunar Planet. Sci. Conf. 18th, 79-85. [ll] Reedy R.C. (1985) Proc.15th Lunar 
Planet. Sci. Conf., J. Geophys. Res. 90, C722-C728. [12] Bhandari N. et al. (1980) Nuclear Tracks 4,213-262. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


