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Data are reported for the concentration and isotopic composition of He, Ne, and Ar in 11 
Antarctic and 8 other stone meteorites. Cosmic ray exposure ages and whole rock gas retention 
model ages are given. The noble gas record suggests that all three ALLAN HILLS eucrites 
analysed so far belong to the same meteorite fall while the three eucrites from the ELEPHANT 
MORAINE area appear to be three independent individual falls. 

Introduction 
Noble gases in stone meteorites are a mixture of 

different components which contain information 
pertaining to different events in the history of the 
meteorites. Radiogenic nuclides, like 4He and 40Ar, 
allow us to deduce gas retention ages, while from 
the spallogenic nuclides so-called exposure ages can 
be calculated which give the time during which the 
meteorites have been exposed to the cosmic radia-
tion. Primordial noble gases, introduced in the early 
stage of meteoritic matter, and solar-trapped gases 
give information about the early environment and 
on surface processes on the parent bodies of the 
respective meteorites. 

The discovery of about 6000 new meteorites in 
Antarctica [1] has increased the world inventory by 
more than a factor of three. This alone, as well as 
the fact that some of these meteorites fell almost a 
million years ago [2], makes it appear possible that 
hitherto unknown types of meteorites may be dis-
covered among these deep-frozen extraterrestrial 
rocks. Furthermore, a number of unusually small 
meteorites, with linear dimensions of a centimeter or 
less, have been retrieved which open up the pos-
sibility to study the interaction with meteoritic 
matter of low-energy solar cosmic rays, although the 
possibility must be kept in mind that the small 
pieces recovered may be fragments of much larger 
ones. 

We have analysed 11 meteorites f rom the Ant-
arctic, mainly to study their irradiation history. In 
addition, we report new data for seven other stone 
meteorites and the results of a re-determination of 
the noble gases in Ambapur Nagla [3, 4], 

Reprint requests to Prof. Dr. F. Begemann, Max-Planck-
Institut für Chemie (Otto-Hahn-Institut), Saarstraße 23, 
D-6500 Mainz. 

Experimental procedure and results 
The meteorites investigated are listed in Table 1, 

together with their classification and other relevant 
information. 

Samples of 100-200 mg, whenever possible as 
chunks, were wrapped in Ni foil ( ~ 20 mg) and 

Table 1. Meteorites investigated. 

1. Allan Hills 77278 LL3 Find U N A 
2. Allan Hills 77299 H3 Find U N A 
3. Allan Hills 78132 Eu Find JSC 
4. Allan Hills 79017 Eu Find JSC 
5. Ambapur Nagla H5 5-27-1895 M N H 
6. Bouvante-le-Haut Eu 7-30-1978 U P 
7. Chitenay L6 2-21-1978 U P 
8. Elephant Moraine 79004 Eu Find JSC 
9. Elephant Moraine 79005 Eu Find JSC 

10. Elephant Moraine 79006 Eu (How) Find JSC 
11. Guenie H4 4-1960 UP 
12. Junan a L6 5-15-1977 c 
13. Waconda L6 Find MPIM 
14. Yamato 74116 L Find NIPR 
15. Yamato 74192 H6 Find NIPR 
16. Yamato 74418 H6 Find NIPR 
17. Yamato 74663 L6 Find NIPR 
18. Xingyang H5 12-1-1977 C 
19. Ybbsitz H4 Find N M W 
20. Bruderheim L6 3-4-1960 UCB 

(Berkeley Standard) 
C: Institute of Geochemistry Guiyang, Academia 

Sinica (Prof. Ouyang) 
JSC: Johnson Space Center (NASA), Houston, Texas 
MNHN: Museum National d'Histoire Naturelle, Paris 

(Dr. P. Pellas) 
MPIM: Max-Planck-Institut für Chemie, Mainz 

(Paneth-Collection) 
NIPR: National Institute of Polar Research, Tokyo 

(Dr. K. Yanai) 
NMW: Naturhistorisches Museum, Wien (Dr. G. Kurat) 
UCB: University of California, Berkeley 

(Dr. J. H. Reynolds) 
UNA: University of New Mexico, Albuquerque 

(Dr. E. Scott) 
UP: University of Paris (Drs. M. Christophe Michel-

Levy and J.-C. Lorin) 
a The meteorite was made available under the name 
"Lounan". 
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stored in the sample holder of the extraction system. 
They were pre-heated at 60 °C for 1 day and then 
degassed in one step in a Ta oven at a temperature 
of about 1700 °C. The gases were cleaned over hot 
Ti sponge and a SAES getter. Argon, krypton, and 
xenon where adsorbed on activated charcoal at the 
temperature of boiling nitrogen, while He and Ne 
were admitted into the all-metal 60° mass spec-
trometer. After analysis, He and Ne wer pumped 
off, Ar was desorbed at ~ 300 °C and measured. 

The mass fractionation (13.3%, 2.5%, and 1.8% per 
atomic mass unit for He, Ne, and Ar, respectively) 
and the sensitivity of the spectrometer were deter-
mined by measuring mixtures of atmospheric Ne 

and Ar; in the case of He an artificial mixture with 
3He/4He = 0.98 was used. 

Total extraction blanks (in units of cm3 STP) were 
typically 5 x 10 _ n , 1 x 10~9, 1 x 10~10, and 1 x 10 -8 

for 3He, 4He, 20Ne, and 40Ar, respectively. 
The results are compiled in Table 2. Listed in 

Table 3 are some pertinent abundance ratios and 
the amounts of spallogenic 21Ne and 38Ar. They 
were calculated by assuming the spallogenic 
2 0 Ne/ 2 l Ne ratio to be 0.84 and any excess 20Ne to be 
due to a neon component with the isotopic composi-
tion of atmospheric neon. Similarly, spallogenic 
38Ar has been derived with an abundance ratio in a 
trapped or adsorbed component of 36Ar/38Ar = 5.32 

Table 2. The gas retention ages in the last two columns are model ages based on the following assumed radionuclide con-
centrations. U: 11 ppb and 130 ppb in chondrites and eucrites, respectively; T h / U = 3.6; K: 830 ppm, 860 ppm, 830 ppm, 
and 400 ppm for H-. L-. LL-chondrites and eucrites, respectively [29], Spallogenic 4He has been removed by subtracting 5 
times the amount of 3He. 

3He 4He 2 0Ne 21N e 2 2Ne 36Ar 38 Ar 40Ar U, Th--4He K-Ar 

in 10" 8 cm-1 STP/g in 109 years 

H-chonclrites 
ALH 77299 55.9 1710 10.2 9.67 11.2 27.7 6.65 6320 3.95 4.50 
Ambapur Nagla 7.13 172 3.89 3.89 4.28 1.98 0.82 2710 0.55 3.15 Ambapur Nagla 

7.9 125 4.0 3.4 3.9 1.4 0.98 1850 — — 

5.8 150 3.5 2.98 3.23 — - - - -

Guenie" 2.0 1250 0.90 0.67 0.74 1.22 0.37 5450 3.60 4.20 
Xineyane 29.3 1640 4.46 4.63 5.48 1.15 0.82 6050 4.05 4.40 
Y 74192 57.0 1700 11.3 12.5 13.7 1.96 1.80 5070 3.90 4.10 
Y 74418 11.1 1140 1.65 1.72 2.03 0.65 0.42 5300 3.30 4.20 

17.6 1230 1.89 2.36 2.79 0.88 0.55 5990 3.2 4.55 
Ybbsitz 1.63 910 0.61 0.61 0.66 2.04 0.46 3650 2.90 3.60 

L-chotulriles 
Bruderheim 47.8 480 8.88 9.66 10.5 1.32 1.46 1190 0.90 2.00 
(Berkeley Standard) 
Chi tenay a 12.9 593 2.96 3.24 3.52 2.1 0.71 5340 1.90 4.15 
Junan 64.9 890 10.8 11.5 13.1 1.73 1.78 6640 1.95 4.50 
Waconda dark 25.9 1360 5.52 6.15 6.70 1.29 0.97 6000 3.55 4.30 
Waconda lieht 28.0 1300 6.03 6.67 7.21 1.29 0.98 5940 3.35 4.30 
Y 74116 6.3 460 2.26 2.50 2.68 0.73 0.38 5300 1.60 4.10 

11 820 3.1 3.3 3.6 0.9 0.9 3600 2.0 4.34 
Y 74663 23 2 645 2.97 2.94 3.73 0.83 0.60 5350 1.90 4.15 

LL-chondrite 
ALH 77278 44.2 3040 30.2 6.38 9.69 21.0 4.88 6020 _ b 4.40 

Eucrites 
ALH 76005 a 11.7 1380 1.87 2.07 2.40 1.56 2.00 1735 - -

9.1 1150 1.62 1.71 1.98 1.22 1.66 1400 - — 

ALH 78132 13.5 1350 2.58 2.31 2.66 2.19 2.23 1500 0.40 3.35 
ALH 79017 13.6 1770 3.25 2.38 2.84 3.26 3.37 2420 0.55 4.10 
Bouvante a 7.42 7590 1.41 1.46 1.78 0.71 1.02 2700 2.15 4.30 
EET 79004 16.1 4140 5.10 3.76 4.62 5.08 3.14 2020 1.25 3.80 
EET 79005 24.5 3400 4.55 4.49 5.32 2.97 3.52 1480 1.05 3.30 
EET 79006 14.5 1780 4.27 4.18 4.96 2.83 3.40 1790 0.55 3.60 

Lit. 

[3] 
[4] 

[6] 

[6] 

[7] 
m 

a Mean of two measurements. bContains trapped 4He. 
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Table 3. Spallogenic gases and cosmic ray exposure ages. 

3 He 2 l Ne 38Ar 3 H e / 2 l N e 2 2 Ne/ 2 1 Ne T3 7-38 

in 10" 8 cm3 STP/g in 106 years 

H-chondrites 
ALH 77299 55.9 9.67 1.64 5.78 1.127 23.8 23.1 24.0 
Ambapur Nagla 7.13 3.89 0.51 1.83 1.085 2.9 7.7 5.9 
Guenie 2.0 0.67 0.16 3.0 1.10 0.8 1.4 1.9 
Xinayana 29.3 4.63 0.69 6.33 1.171 13.3 12.5 12.0 
Y 74192 57.0 12.5 1.63 4.56 1.088 23.1 25.0 19.3 
Y 74418 11.1 1.72 0.34 6.45 1.169 5.0 4.6 5.9 
Ybbsitz 1.63 0.61 0.09 2.66 1.065 0.6 1.2 0.9 

L-chondrites 
Bruderheim 47.8 9.66 1.38 4.95 1.081 18.8 17.5 16.0 
Chitenay 12.9 3.24 0.36 3.98 1.077 5.1 5.8 4.0 
Junan 64.9 11.5 1.66 5.64 1.130 27.2 26.1 24.7 
Waconda D 25.9 6.15 0.83 4.21 1.089 10.3 11.6 9.3 
Waconda L 28.0 6.67 0.84 4.20 1.081 11.0 12.0 9.6 
Y 74116 6.3 2.50 0.28 2.52 1.064 2.4 4.5 3.2 
Y 74663 23.2 2.94 0.51 7.89 1.252 11.7 7.6 9.5 

LL-chondrite 
ALH 77278 44 6.31 1.06 6.97 (1.12)' 20 16 20 

Eucrites 
ALH 76005 b 11.7 2.07 1.90 5.65 1.159 4.4 7.1 8.9 
ALH 78132 13.5 2.31 2.07 5.84 1.152 5.4 8.2 9.8 
ALH 79017 13.6 2.38 2.00 5.71 1.177 5.2 8.5 9.0 
EET 79004 16.1 3.76 2.49 4.28 1.178 6.4 13.0 12.8 
EET 79005 24.5 4.49 3.37 5.46 1.183 9.7 15.2 17.5 
EET 79006 14.5 4.18 3.27 3.47 1.184 5.8 14.7 14.7 
Bouvante 7.42 1.46 1.01 5.08 1.121 2.9 5.6 4.4 

a This value is presumably too small since the corrections for t rapped neon were made assuming the isotopic composi-
tion of atmospheric neon. 
b For reasons of consistency Mainz data only [7]. 
D, L: Dark and light phase, respectively. 

and a spallogenic ratio of 0.65. Although the latter 
value may be too high for meteorites with short 
cosmic ray exposure ages [5] (Guenie, Ybbsitz) this 
does not affect the amount of spallogenic 38Ar by 
more than 5% at most. 

Included in Tables 2 and 3 are data for the 
Berkeley Bruderheim Standard as well as published 
results for Ambapur Nagla [3, 4], Y 74116 [6], 
Y 74418 [6], and ALH 76005 [2, 7], For the spal-
logenic nuclides 3He, 2 lNe, and 38Ar in Bruderheim 
the results agree with our 1978 measurement [8] to 
within 1%. They, fur thermore, agree to within 5% 
with most of the results reported f rom other labora-
tories [4], For Ambapur Nagla the results are also in 
fair agreement with those reported before. Less 
satisfactory is the rather serious disagreement with 
the data of Takaoka et al. [6] which can only in part 
be explained by the fact that the Bruderheim results 

of these authors are outside the range reported by 
other laboratories as well. 

Discussion 

Chondrites 

Cosmic ray exposure ages have been calculated 
with the shielding-corrected 3He and 21Ne produc-
tion rates of Cressy and Bogard [9], making the 
usual assumption of a single-stage exposure history. 
Our 38Ar production rates for H-, L-, and LL-
chondrites are 3%, 7.5% and 8% higher, respectively, 
than those of Cressy and Bogard (see Table 4); for 
the shielding correction we have adopted their 
procedure without modification. 

The exposure ages cover the normal range en-
countered for stone meteorites. Note, that both H4-
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Table 4. The chemical composition (weight %) used to calculate the production rate of 38Ar in units of 10 10 

cm 1 STP/g • Ma. 

Ca F e a K Ti + Cr + Mn P( 3 8Ar) Lit. 

ALH 76005 6.81 14.6 0.05 1.18 21.3 [32, 33 ,34] b 

ALH 78132 6.82 13.8 0.04 1.05 21.1 [32. 33]b 

ALH 79017 7.23 14.6 0.04 1.0 22.2 c 

Bouvante 7.34 15.4 0.05 1.1 22.8 [30] 
EET 79004 6.05 14.0 0.07 1.0C 19.5 [30] 
EET 79005 6.2 13.5 0.04 1.0C 19.3 [30] 
EET 79006 7.23 14.6 0.04 1.1 22.2 c 

H-chondrites 1.19 29.3 0.080 0.63 7.54. c 

L-chondrites 1.28 23.1 0.087 0.69 7.41 c 

LL-chondrites 1.25 20.9 0.091 0.71 7.22 c 

a For H-, L-, and LL-chondrites the entries include Ni. 
b Mean values are listed. 
c Average chemical composition assumed [31]. 

chondrites (Guenie and Ybbsitz) have very short 
exposure ages. They fall onto the short-age peak in 
the number frequency distribution histogram (cf. 
e.g. [10]) and tend to make this peak statistically 
more significant and, thus, the exposure age distri-
bution of H4-chondrites distinct from that of 
H-chondrites of higher petrological type. 

It is not quite clear whether Guenie blemishes the 
beauty of the statistics of Wood [11] in that H-chon-
drites with exposure ages shorter than 2 Ma "all fell 
during the 6 month period of October to March". 
Guenie fell during April 1960 [12]; perhaps it was 
April 1. 

For Ambapur Nagla our results confirm that the 
3He exposure age is short compared to those 
derived for the same samples from 2 l Ne and 38Ar 
[3, 4] indicating losses by diffusion of 3He. Since 
Ambapur Nagla is one of the rare meteorites where 
fission tracks are not even observed in the pyroxenes 
adjacent to uranium-rich phosphates [13] it is 
tempting to ascribe the extinction of the tracks and 
the loss of spallogenic 3He to the same thermal 
event. This is at variance, however, with the pres-
ence of cosmic ray tracks in the pyroxene. Rather, 
the extinction of the fission tracks must have hap-
pened before, or at the time of, the onset of the 
exposure of the meteorite to the cosmic radiation. 

Similarly low in the relative 3He exposure ages 
are Yamato 74116, Ybbsitz, and Guenie. For the 
latter this is surprising in so far as the 4 H e - U / T h 
gas retention age is fairly high; apparently the per-
centage loss of radiogenic 4He is smaller than that of 
cosmogenic 3He. 

Yamato 74663 is peculiar in that its 3He and 
38Ar exposure ages agree within the limits of error, 
but that the 2 l Ne age is lower by 30%. Among the 
suite of chondrites analysed, this meteorite has by 
far the highest spallogenic 2 2Ne/ 2 1Ne ratio which 
necessitates the largest shielding correction of the 
2 lNe production rate. It is conceivable that the 
correction applied was not sufficient. The same 
explanation may hold for the discrepancy between 
the noble gas exposure ages and that of 14 Ma [14] 
derived from spallogenic ^ K produced in the metal 
phase. On the other hand, the 40K exposure ages 
of all four Antartic meteorites from the Yamato 
Mts. are distinctly higher — by up to a factor of two 
(Y74116) - than the noble gas derived exposure ages 
[14], so that there may well be a systematic dif-
ference. If this should be the case the reason is not 
clear at present. It cannot be due to an early 
irradiation since this would make the 40K exposure 
ages shorter than the ones deduced from stable 
nuclides like 3He, 2 lNe, or 38Ar. 

The reason for selecting for noble gas analysis the 
four Yamato chondrites was their 53Mn content [15]. 
Y 74192, with an activity of 578 dpm/kg metal is 
one of the two with the highest decay rates, while 
Y 74418 (275 dpm/kg) and Y 74663 (255 dpm/kg) 
are intermediate, and Y 74116 with 63 d p m / k g is 
on the extremely low side. With the exposure ages 
from Table 3 the 53Mn saturation activities would 
be 578. 460. 300, and 125 dpm/kg . respectively, 
assuming that the decay since the t ime of fall is neg-
ligible (terrestrial age mean life t ime of 53Mn of 
about 5 Ma). The First three activities are in the 
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range expected for small to medium-s ize objects [16, 
17], For Y 74116, however, a ra ther large meteoroid 
with a pre-a tmospher ic radius of about 2 m or more 
is required. Although this would be in accord with 
the low spallogenic 2 2 N e / 2 l N e ratio fo 1.064 the pos-
sibility should be kept in mind that the meteor i te 
may have had a complex exposure history. To us this 
seems to be the more probable explanat ion. 

The two type 3 chondri tes - ALH77278 and ALH 
77299 - are both outstanding in their high content of 
t rapped noble gases. Nevertheless, there is a distinct 
difference: in the H3 A L H 77299 the rat io 2 0 Ne/ 3 6 Ar 
in the t rapped gases is more than ten t imes lower 
than that in the LL3 A L H 77278. T h e latter actually 
shows a significant excess of 4He of <: 1000 x 10~8 

c m 3 S T P / g as well which is indicative of solar wind 
implanted gases. Waconda , on the other hand , al-
though light-dark structured shows no evidence for 
solar wind implanted gases in ei ther phase. 

Eucrites 

The different chemical composi t ion of eucrites 
and chondri tes is reflected in their noble gases: 

1) Eucrites contain more radiogenic 4 He and less 
^'Ar because they contain more U, Th and less K 
than chondri tes (see legend to Table 2). 

2) The ratio of spallogenic 3 8 Ar/ 2 l Ne is approxi-
mately 5 times h igher in eucrites because their 
Ca content is much higher and their Mg content 
is much lower than that of chondri tes. 

3. The ratio of spallogenic 2 2 Ne/ 2 1 Ne in eucrites is 
high as well. It is impor tant to note that this is 
essentially due to a low Mg content; it does not 
necessarily reflect the hardness of the i rradiat ion. 

Until 1980 eight eucrites had been found at the 
Allan Hills site and six more in the Reckling Peak 
Mora ine /Elephant Mora ine area. It is not immedi -
ately apparent whether all these individual spec-
imens represent d i f fe ren t falls or, if not, how many 
of them belong to the same fall(s). Since meteori tes 
f rom paired or mul t ip le falls must have the same 
cosmic ray exposure age and, to a lesser degree, 
must contain the same amounts of radiogenic 4He 
and ""'Ar it is of interest to compare these quanti t ies . 

In the case of eucrites this poses some problems, 
however, since, as a rule, the exposure ages cal-
culated f rom the concentrat ions of 3He, 2 1Ne, and 
38Ar do not agree [18], Al though di f fus ive losses of 

3He and of 2 l Ne are a possible explanat ion for the 
shorter 3He and 2 l Ne exposure ages, we are, never-
theless. left with the fact that, for a given meteori te , 
only a 38Ar exposure age can be calculated. Conse-
quently. it is not possible to check the data for 
internal consistency. 

The 3xAr production rate has been calculated for 
each meteori te f rom its chemical composi t ion 
(Table 4) using 

P(3 8Ar) = 2.75 [Ca] + 0.086 [Fe] 

+ 0.33 [Ti, Cr, Mn] + 19.2 [K] . 

The element-specific product ion rates (in units of 
10~8 cm 3 STP/g • Ma) are di f ferent f rom those of 
[18] and [9], They are based on the following experi-
mental data: 

1) The average decay rate of 36C1 in iron meteori tes 
and the metal phase f rom stone meteori tes and 
stony-iron meteorites of sufficiently short terres-
trial age is 23 dis integrat ions/min • kg (cf. e.g. 
[19, 20]). This together with P (3 6C1)/P (36C1) 
+ P (36Ar) = 0.82 [21] and 3 6Ar/3 8Ar = 0.63 yields 
a production rate for FeNi of 8.6 x 1 0 " , 0 c m 3 S T P / 
g • Ma. The different target composi t ion in 
eucrites (almost no Ni) is not expected to affect 
this rate to any significant degree. 

2) The product ion rate ratio P ( 3 8 Ar) C a /P ( 3 8 Ar) F e N i 

in individual stone meteorites and mesosideri tes 
varies between 17.3 and 48 [20, 22, 23] while 
pooling the data f rom different meteorites yielded 
a value of 16.5 [24], We assume the rat io to be 
independent of the bulk chemical composi t ion of 
the meteorites and adopt a mean of 32, with an 
accuracy of a factor of 1.5 either way. 

3) For K and Ti, Cr, Mn there exist no experimental 
data. We have adopted the ratios P ( 3 8 Ar) K / 
P( 3 8 Ar)ca — 7.0 and P ( 3 8 A r ) T i , c , M n / P ( 3 8 A r ) F e N i -
3.8 given by [9]. Since the combined product ion 
f rom these elements amounts to less than 10% of 
the total the exact values are not critical. 

Since, for eucrites, the 3 H e / 2 l N e vs. 2 2 Ne/ 2 1 Ne cor-
relation systematics is not sufficiently clear, no 
shielding-corrected product ion rates can be derived 
f rom the measured 2 2 Ne/ 2 1 Ne ratios. This is unfor-
tunate because it leaves us with the large uncer-
tainty in the product ion f rom Ca which, for 
eucrites, is the most important target element by far. 
(For normal chondri tes Ca is less important . Conse-
quently, for H- and L-chondri tes the Ca-related 
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unce r t a in ty in t he p r o d u c t i o n ra te of 38Ar is only 
a b o u t 15% or so.) 

T h e n o b l e gas e v i d e n c e s u p p o r t s the sugges t ion 
[25]. ba sed on t he m i n e r a l o g y , t ha t all t h ree Al lan 
Hills eucr i tes a n a l y s e d so f a r m a y be long to the 
s a m e m e t e o r i t e fall: T h e i r con ten t s of spa l l a t ion-
p r o d u c e d nob le gas nuc l ides ag ree to wi th in ± 10% 
or be t te r , and t he s o m e w h a t la rger va r i a t i on in 
r a d i o g e n i c 4 He a n d 4 0 Ar can easi ly be accoun ted fo r 
by s a m p l e h e t e r o g e n e i t y a n d / o r by d i f f e r e n t losses 
d u e to d i f f u s i o n . A f t e r all, t h e r e is u n a m b i g u o u s 
ev idence n o w tha t d i f f e r e n t s a m p l e s f r o m def in i t e ly 
the s a m e m e t e o r i t e m a y vary in the i r r a d i o g e n i c 
4 He a n d 4 0Ar by fac to r s of 5 a n d 3, respect ively 

[26]. 

T h e three s p e c i m e n s f o u n d in the E l e p h a n t 
M o r a i n e a r ea a re a g a i n r a t h e r s imi l a r in the i r con-
tents of spa l logen ic n o b l e gases. T h e d i f f e r ences 

which d o exist a r e of t he s a m e o r d e r as h a v e b e e n 
f o u n d in St. S e v e r i n [27] a n d Keys [28]; they d o not 
p r ec lude a c o m m o n o r ig in f r o m the s a m e p r e a t m o -
sphe r i c mass . T h e close a g r e e m e n t b e t w e e n t he 
2 2 N e / 2 1 N e ra t ios a r g u e s aga ins t such a n e x p l a n a t i o n , 
however . T h e d i f f e r e n c e s r e q u i r e d in t h e 2 , N e a n d 
38Ar p r o d u c t i o n ra tes to m a k e the e x p o s u r e ages 
equa l shou ld b e a c c o m p a n i e d by v a r i a t i o n s of t he 
2 2 N e / 2 l N e ra t io of t he o r d e r of 5% or so [26, 27], 
Th i s is not o b s e r v e d . 

A n o t h e r , p e r h a p s w e a k e r a r g u m e n t , c a n b e m a d e 
f r o m the r a d i o g e n i c nuc l ides . T h e p a t t e r n o b s e r v e d 
in 79005 c a n n o t b e d e r i v e d by d i f f u s i o n losses f r o m 
tha t of 79004 nor , fo r t ha t m a t t e r , f r o m tha t of 
79006. T h u s , 79005 c a n n o t be a p a i r e d fall wi th 
e i ther of t he o t h e r two. F o r the la t te r two, on t he 
o t h e r h a n d , t he r a d i o g e n i c gases a re no t of m u c h 
use in set t l ing t he p r o b l e m . 
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