
tially identical results were obtained a 
week later ,with a group of 16 pig- 
mented (Long-Evans) rats. In this lat- 
ter experiment, subjects were male rats, 
270 to 370 g, and about 90 days old. 
Eight tragacanth-injected controls were 
compared with eight rats injected with 
magnesium pemoline (10 mg/kg). 

Thus, the major finding of our sec- 
ond experiment was that rats injected 
with magnesium pemoline (either 5, 10, 
or 20 mg/kg) maintained a higher 
level of spontaneous activity and re- 
sponsivity to the buzzing sound used as 
the conditioned stimulus in experiment 
1. There appear to be two major inter- 
pretations that could account for the 
observed increased activity and sus- 
tained stimulus responsivity in these 
drug-treated rats. Since no noticeable 
differences occurred on trial 1, tthe 
growing difference across trials between 
experimental and control subjects could 
be interpreted as a slower rate of ha- 
bituation to the buzzing sound in the 
drug-treated rats, resulting in the sig- 
nifican't differences seen in succeeding 
trials. 

An alternative proposal is that the 
magnesium pemoline effects are time 
dependent and the full behavioral ef- 
fects of the drug are seen only on trials 
2 to 6 (50 to 130 minutes after injec- 
tion). Our experimental design does not 
allow us to choose between these two 
alternatives. It is interesting to note, 
however, that brain RNA polymerase 
in vivo increases in a linear fashion 
up to at least 2 hours after intraperi- 
toneal injection (20 mg/kg) in Sprague- 
Dawley rats, according to Glasky and 
Simon (1). 

In experiment 2, spontaneous activity 
and stimulus-responsivity differences de- 
veloped without training and within a 
time period comparable to that of ex- 

periment 1 and Plotnikoff's report (3, 
6). Thus we consider the important 
finding of this study to be that an alter- 
native explanation, based on increased 
spontaneous activity and sustained stim- 
ulus-responsivity, can be offered to ac- 
count for the shorter response latencies 
of the rats treated with magnesium 
pemoline in experiment 1. This alter- 
native explanation, rather than "en- 
hancement by magnesium pemoline of 
learning and memory," must also be 
entertained regarding Plotnikoff's find- 
ings (3). The fact that percent avoid- 
ances, a more meaningful measure of 
learning, was not increased in the drug- 
treated rats supports the supposition 
that when the effects of magnesium 
pernoline are evaluated on a short time 
scale, as. in the present and previous 
(3, 4) experiments, the behavioral 
changes observed are primarily due to 
the effect of the drug on performance 
systems, not directly on "learning and 
memory." 
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Primordial Rare Gases in Unequilibrated Ordinary Chondrites 

Abstract. The primordial gases of eight unequilibrated ordinary chondrites are 
strongly fractionated with respect to "cosmic" proportions. The absolute amounts 
are roughly proportional to the degree of disequilibration. Apparently, ordinary 
chondrites originally contained considerably larger amounts of primordial rare 
gases. 

A few ordinary chondrites (currently 
some 24 are known) have recently re- 
ceived considerable attention because 
they contain olivines and orthopyrox- 
enes highly variable in content of Fe 
(1-5). This feature is remarkable be- 
cause ordinary chondrites proper have 
silicates of virtually uniform composi- 
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tion (1). The unequilibrated ordinary 
chondrites (UOC) are obviously less re- 
crystallized than the ordinary chon- 
drites proper (3, 4); in fact, it has 
been argued that UOC are the "primi- 
tive" precursors of the ordinary chon- 
drites (6). 

Judging from the known primordial 

rare-gas contents of another variety of 
primitive chondrites, the carbonaceous 
chondrites, we expected the UOC to 
be systematically richer than ordinary 
chondrites proper in these gases. Since 
little could be concluded from avail- 
able data (7), we have determined by 
mass spectrometry the rare-gas con- 
tents (He, Ne, Ar, Kr, and Xe) of 
nine UOC; the experimental methods 
and results will be detailed elsewhere 
(8). We now report two salient results 
that seem to have interesting implica- 
tions for further work on these chon- 
drites. 

First, the noble gases in !all the 
UOC listed in Table 1 are strongly 
fractionated with respect to their "cos- 
mic" proportions because the Xe132, 
Kr84 , and Ar36 abundances are about 
10-4 to 1O-5, 10O6, and 10-8, respec- 
tively, of their cosmic abundances (9). 
Only Khohar contains a significant 
amount of primordial Ne20-20 X 
10-8 cm;/g (standard temperature 
and pressure)-corresponding to about 
10-10 of the cosmic abundance of this 
isotope. 

Second, the absolute amounts of 
primordial Ares, Kr84, and Xe132 are 
roughly proportional to the percentage 
mean deviation of the Fe contents of 
the olivine (5); this trend is seen in 
Fig. 1, and plots for Kr84 and Xe132 are 
similar. The quantity plotted along the 
abscissa (Fig. 1) is calculated from 
measurements of the Fe contents of 
many ofivine grains (5). In UOC, the 
Fe contents usually differ substantially 
from the mean, or bulk, Fe content 
of the Fe-Mg orthosilicate. Thus, a 
high value for percentage mean devia- 
tion corresponds to a highly unequili- 
brated chondrite, and vice versa. Note 
that high primordial rare-gas contents 
-occur in general among the most high- 
ly unequilibrated UOC, and vice versa. 

It is generally accepted that the 
strongly fractionated noble. gases were 
acquired by the meteorites, together 
with carbon, and other volatiles, at an 
early stage in their history (for discus- 
sion of this point see 10). In this re- 
spect it is interesting that UOC general- 
ly have significant carbon contents and 
that several contain organic com- 
pounds, although not to the degree of 
carbonaceous chondrites of types I and 
II (4). The relatively high contents of 
fractionated noble gases are thus com- 
patible with structural and composi- 
tional characteristics. 

The trend of Fig. 1 suggests that the 
recrystallization of the UOC and the 
redistribution of Fe in the silicates 
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were accompanied by progressively 
greater losses of primordial rare gases. 
Since the ordinary chondrites proper 
are virtually completely equilibrated in 
this sense, we conclude that they were 
originally substantially richer in pri- 
mordial gases. [Bruderheim, a typical 
ordinary chondrite, contains primordial 

Table 1. Primordial rare gases in the un- 
equilibrated ordinary chondrites used. Num- 
bers in parentheses refer to Fig. 1. A and B 
refer to different samples of the respective 
meteorites-not to two determinations from 
the same sample. 

Rare gas 

Meteorite [108 cm3/g(STP)] 

Ne20 Ar38 Kr8" Xel'2 

Bremeervdrde (1) ~6 9.8 
Prairie Dog 7.8 0.16 0.11 

Creek (2) 
Krymka A (3) 36.3 .38 .34 
Krymka B (4) 63 
Bishunpur A (5) 39 .41 .33 
Bishunpur B (6) 60 
Manych (7) 15.4 .19 .15 
Khohar (8) 21 25.1 .21 .16 
Mezd-Madaras (9) 15.5 .13 .14 
Chainpur A (10) 50 .31 .24 
Chainpur B (11) 60 
Parnallee (12) 13.6 .17 .13 

60 
to~~~~1 

ODO 
J 60 

0 
<20 0-0 
_j ~~~~~9 

X cP 
5 007 
X 0 
GI. 

0 20 40 
PERCENT MEAN DEVIATION 

Fig. 1. Primordial Ar30 versus percentage 
mean deviation of olivine composition. 
Rare-gas data are from our work and 
from the literature (7); olivine composi- 
tion from (5). In several UOC, Ar"' 
varies considerably between two -samples. 
Variations of percentage mean deviation 
also occur (5); in such instances the high- 
est and lowest values of the two quantities 
are indicated by solid lines between data 
points or by rectangles (unfortunately the 
Ar'8 measurements and the determinations 
of olivine composition were never made 
on the same samples, so that these quan- 
tities cannot be correlated unambiguously). 
Note that high contents of Ar"' occur in 
general among the most highly unequi- 
librated UOC, and vice, versa. For key to 
numbers, see Table 1. 

70)2 

Xe132, Kr84, and Ar" at only about 
10-6, 10-7, and 10-9 to 10-1i times 
cosmic abundance, respectively (11).] 
Zdhringer (12) recently reached the 
same conclusion. 

But it is doubtful that the original 
rare-gas contents of the ordinary chon- 
drites resembled present contents of 
the most highly unequilibrated UOC, 
Krymka and Bishunpur. Wood (4) has 
suggested that the UOC were heated 
in their parent planets to several hun- 
dred degrees Celsius and were cooled 
very slowly at about 0.1 0C per mil- 
lion years. Any gas "originally" trap- 
ped in sites of poor retention would 
have been released under such condi- 
tions. In fact, the absence of primor- 
dial Ne in all but two of the UOC, 
Bremervbrde and Khohar, appears to 
be consistent with this hypothesis. 

It is also doubtful that the noble 
gases were originally trapped in ordi- 
nary chondrites with abundance ratios 
now found in UOC [incidentally, these 
abundance ratios are similar to those 
of "planetary" gas of the two-compo- 
nent model of Signer and Suess (13)1. 
Zahringer (12) suggests that the loss 
of Xe, Kr, and Ar was probably small 
compared to the loss of Ne; we con- 
cur. It is interesting in this respect 
that the Ne20: Ne22 ratio of primordial 
Ne in Khohar is less than 10 (this 
ratio cannot be determined very ac- 
curately because of a substantial Ne22 
correction arising from cosmic ray-pro- 
duced Ne22)-considerably below the 
"solar" value of 14 found in the gas- 
rich chondrites (13). It seems that the 
Ne2-0: Ne22 ratio in Khohar may have 
arisen by isotope fractionation of as 
much as 50 percent during diffusive loss 
of Ne from the meteoritic grains. 
Argon in the UOC, on the other hand, 
shows no significant isotope fractiona- 
tion, since the Ar:3(3: Ar38 ratios of pri- 
mordial Ar range from 4.9 to 5.6, with 
most values near 5.3-the ratio of at- 
mospheric argon. 

It is of interest that the dark portions 
of gas-rich chondrites such as Pantar 
probably do not agree with the Ar36 
trend in Fig. 1. Unfortunately, the 
only instance in which dispersion of 
the olivine composition is known is 
Pantar itself (2); its dark portion has a 
percentage mean deviation of s 2 per- 
cent, and the Ar36 content is lOx 10O'i 
crn3/ g (STP) (see 14). Thus literature 
data on Ar36, available for several gas- 
rich chondrites, can only be used on 
the assumption that the dispersion of 
olivine composition in their dark por- 

tions resembles that of Pan'tar. It is 
likely, but not established in fact, that 
the gas-rich chondrites will all fall close 
to the left vertical axis of Fig. 1, with 
Ar36 ranging up to about 700 X 10-8 
cm:I/g (STP) (see 14). This remarkable 
systematic difference would imply that 
the large amounts of "solar" He and 
Ne, generally present in the dark por- 
tions, are not simply superimposed 
upon a residue of originally trapped 
fractionated Ar36, but that certainly sig- 
nificant amounts of Ar3G from some 
other source are present. One source 
could be solar wind, which according 
to Suess et al. (15) has supplied solar 
He and Ne. Another source could be 
shock-emplacement of Ar36 from an 
ambient gas phase (.16, 17). 
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