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mode, was used for all argon analyses.
All chemical procedures and vacuum
fusions were monitored for contamina-
tion through the analysis of "blanks."
Contamination corrections applied for
Rb, Sr, and Ar were <0.5 percent; cor-
rections for U and Th amounted to
about 1 percent, as did those for K, with
the exception of one extraction of the
latter which required a 2 percent cor-
rection; a 10 percent correction was re-
quired for terrestrial Pb contamination.
Our determinations of the concentra-
tions of Rb and Sr in the Cal. Tech.

Fig. 1. Concordia diagram; U-Pb data for
type D fines.

standard solutions supplied with the lu-
nar samples agree with the stated values
to within 0.25 percent.
Argon was extracted from two sam-

ples of type A crystalline rock (57,34)
under slightly differing experimental
conditions. In the first instance (extrac-
tion No. 2, Table 1) the purified gas
was collected in two calibrated volumes
having ratios of about 1:2. The smaller
volume of gas was equilibrated with
38Ar tracer on the mass spectrometer
inlet line just before isotopic analysis,
while the larger portion was used un-
spiked to determine the relative isotopic
abundances. The 3GAr/ 38Ar ratio deter-
mined for the latter was used to correct
the results of the spiked analysis. In cal-
culating the age it was assumed that
there was no primordial 40Ar compo-
nent. In the second instance (extraction
No. 3, Table 1) the gas was equilibrated
with the 35Ar tracer in the usual man-
ner during sample fusion. The 36Ar/38Ar
ratio measured for the unspiked portion
of extraction No. 2 was again used to
correct the observed abundances for this
sample.
The K measuremepts were made on

chips of material broken from the larger
samples fused for Ar extraction and
should therefore provide a realistic esti-
mate of the K content of the latter. An
examination of the 40Ar and K values
(Table 1) reveals that the concentra-
tions of both are slightly different in the
two portions of this sample.
The greatest variation however was

noted for the 36Ar content. While both
samples yielded essentially the same
quantity of 40Ar, extraction No. 2 con-
tained nearly twice as much 3GAr as ex-
traction No. 3. In spite of this variation
the calculated ages for the two samples
are very close at 2300 X 10" and 2270
X 10" years, respectively.
Two extractions were carried out for

a sample (65,35) of type C breccia; the
first was equilibrated with the 38Ar tracer
in the routine fashion during fusion, and
the second was not mixed with tracer.
The 3"Ar/3SAr ratio determined for the
latter was to be used to correct the re-
sults obtained for extraction No. 1.
However, this material contained very
large quantities of both 36Ar and 40Ar,
and consequently it has not been pos-
sible to calculate a realistic age for the
sample. This is in agreement with pre-
liminary data reported for breccia sam-
ples (1). The K concentration was
again determined on numerous chips
from the larger sample used for the Ar
extraction in an attempt to ensure the
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Age Determinations and Isotopic Abundance
Measurements on Lunar Samples

Abstract. A K-Ar age of 2300 X 106 years has been determined for a sample of
type A crystalline rock (57,34). The presence of an anomalously large quantity of
4°Ar, in a sample of type C breccia (65,35) precluded the calculation of its K-Ar
age. Both of the rock types are characterized by low Rb/Sr ratios and consequently
low 875r/86Sr values. The U-Th-Pb results for a sample of type D fines (84,33)
yield a 207Pb/206Pb age of 4760 X 106 years, but ages based on U-Pb and Th-Pb
ratios are anomalously high. Isotopic compositions of Li, K, Rb, Sr, U, and Th
are very close to the accepted values for terrestrial materials.
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Table 1. Isotopic and elemental abundance data. For 1"K, A:3 (decay constant for /3 decay)
capture) = 0.585 x 10-"° year-', and atomic abundance = 1.19 x 10-'.

= 4.72 x 10-1" year-', Xe (decay constant for- electron

Ex- 6'Sr,GSr 4OAr K-Ar
trac- Rb Sr SkSU Rb/s(-Sr K K/Rb (X 10-1 4"Ar/ i;Ar 3(;Ar/ SAr age( Remarks

No. spie(ppm) Spiked Und Avg. (ppm) cm3/g) years)

Type A - cry,stalline, No. 57,34
1 5.853 171.0 0.7052 0.7043 0.7050 0.0991 2520 430.5

0.7055
2 2588 4543 83.988 2300 Spiked

83.671 2.768 Unspiked
3 2647 4646 160.418 2270 Spiked

Type C - breccia, No. 65,35
1 3.741 165.5 0.7033 0.7036 0.7034 0.0654 1470 392.9 140,800 2.361 Spiked
2 2.087 5.383 Unspiked

Table 2. The U-Th-Pb analyses. type D fines No. 84.33. For 26U, X (total decay constant) - 1.537 x 10-"' Year-'; for XU, =- 9.722 X 10-'.
year-'; for XTh, = 4.881 x IO" year-'. Ratio ": U/2" U = 137.7.

Pb Age (X 10t' years)
U Th Radio- Atomic ratios

(ppm) (ppm) Total genic _'2,,7Pb/2P"Pb 3"'Pb/26,U 207Pb/2 "U 20'Pb/2>2Th
(ppm) (ppm) 206/204 207/204 208/204

0.530 1.31 2.26 1.55 45.8* 33.6* 64.8* 4670 5410 4885 8200
51.9t 37.6t 70.6t

*Measured ratios. 'Corrected for Pb blank.

determination of a K content represent-
ative of the total sample. The K concen-
tration for this material is considerably
lower than that determined for the type
A crystalline rock (Table 1).

Rubidium and Sr results for one ex-
traction from each of the two samples
(57,34 and 65,35; types A and C) are
given in Table 1. The Rb concentrations
are very low, and consequently the 87Sr
enrichment is very small. However the
experimental data points do fall reason-
ably close to a 3200 X 106 years refer-
ence isochron on a Rb-Sr evolution dia-
gram, thus providing some evidence for
higher ages than the K-Ar ages calcu-
lated for sample 57,34. Rubidium and
Sr analyses for the remaining lunar sam-
ples may serve to confirm the greater
age indicated.
A major portion of the sample of

fines (84,33; type D) was used for U,
Th, and Pb determinations. Consider-
able difficulty was experienced in work-
ing with the larger sample, but reason-
able results were obtained. As mentioned
above, about 10 percent of the Pb was
attributed to contamination arising in
the laboratory and the isotopic ratios
were corrected by use of the relative
abundances of modern day terrestrial
lead. In addition, a correction for pri-
mordial lead amounting to about 32
percent of the sample was made,
based on the relative abundances of

480

meteoritic lead as determined by Patter-
son (2) (Table 2). The 207Pb/20'6Pb age
has been calculated to be 4670 X 106
years which, although a bit high, is
much more realistic than the other ages
based on the Pb-U and Pb-Th ratios
(Table 2). The data were plotted on a
concordia diagram (Fig. 1), and dashed
lines were drawn from this experimental
point to zero age and to the 2300 X 106
years age point (the K-Ar age for our
sample of type A crystalline rock). In
the latter case the line cuts concordia at
4490 X 106 years. The position of the
experimental point above the curve is
considered to be indicative of either loss
of U from the sample or gain of modern
terrestrial Pb. The former is in good
agreement with the preliminary results
(1), and the latter has been corrected
for the Pb of the "blank" extraction
processed with the sample. While it is
possible that the sample was contam-
inated before processing, exacting pre-
cautions were taken to avoid this possi-
bility. In support of the proposed loss
of U, it should be noted that the Th
result also appears to be low. If indeed
both parent elements have been lost,
this loss, expressed as a percentage of
the U and Th required to produce con-
cordant ages at 4670 X 10; years,
amounts to 19 percent for U and 48
percent for Th.

Isotopic abundances of Li, K, Rb, and

Sr were measured for samples 57,34
and 65,35 and of U and Th for sample
83,33. Since no major deviations from
accepted terrestrial values were found,
the experimental data have been omitted
but will be presented in our final report.

Evidence has been presented to sup-
port two contrasting ages for lunar ma-
terials. One based on the 207Pb/2'10Pb
ratio determined for a bulk sample of
type D fines is in essential agreement
with the accepted age of the earth. The
lower K-Ar age of 2300 X 10" years
assigned to a single sample of type A
crystalline rock is considered to be a
valid determination and may indicate
a stage in the evolutionary history of
the moon.
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