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Rb-Sr STUDIES OF LUNAR BRECCIAS AND SOILS, R. K. Mark,R. A.
Cliff*, C. Lee-Hu, G. W. Wetherill, Dept. of Planetary & Space Science,
UCLA, Los Angeles, Calif. 90024 ,*¥current address: Dept. of Earth
Sciences, Univ. of Leeds, Leeds, England.

This study was undertaken in an effort to determine the ages of
formation of the lunar breccias sampled and of the older-generation
clasts contained therein.

Table 1 reports data for two breccias from the Apollo 14 site.
Sample 14321 is a polymict breccia, containing microbreccia and basalt
clasts. A subsample, 14321,184, has been studied in collaboration with
a consortium headed by G. Goles. Three generations of clasts have been
identified (1). Grieve and others (2) suggested a temperature for the
final lithification of 14321 well below 700°C, and Williams (3) pro-
posed a peak temperature during lithification of about 1000°-1050°C, in
the Imbrium ejecta blanket.

This basalt clast, as well as others in 14321 are of a mare affi-
nity, but are richer in Al and incompatible elements and poorer in Fe
and Ti than typical mare basalts (compare (4), (1), and (5)). The
mineral 1sochron obtained for the basalt clast 14321,184-55 yields an
age of u. 07%0.10 b. y. with an initial Sr isotopic ratio of 0.69961-
0.00014 (2:7 errors). Papanastasiou and Wasserburg (6) reported an age
of 3.95%0.0u b. y. and Compston and others (7) reported 4.15-0.10 b.y.
on other basalt clasts from 14321. This age must predate the formation
of 14321, and therefore, presumably the Imbrium event.

The analysed microbreccia clasts (of the latest generation prior
to assemblage of 14321), fall distinctly above the basalt isochron,
thereby precluding isotopic equilibration at the time 14321 was formed.

Sample 14066 is also a polymict breccia. A subsapple 14066,21
has been studied in collaboration with a consortium headed by J.
Reynolds and C. Alexander. Williams (3) proposed a peak temperature of
about 1100°C for the final lithification. While the light crystalline
fragments from 14066 are quite rich in Rb and K, 14066 is somewhat less
enriched in REE than the microbreccia clasts from 14321 (8). Indivi-
dual clast #17 (latest generation) was removed from 14066,21. Frag-
ments of crystalline rock have been hand-picked from this clast. A
light-colored fragment and two density separates are all quite radio-
genic (0.7282-0.7377). Measurements were also made on hand-picked
dark fragments and on a piece of clast #17 (2.01 WR).

These clasts from 14066, as well as the microbreccia clasts from
14321 and basalt 14310 fall on a regression line on the Sr evolution
diagram, with slope 4. 05%0.10 b.y. and intercept 0. 70046%0.00028. This
line is distinct from and parallel to the basalt (14321,184-55) mineral
isochron. There is, however, no independent evidence to indicate that
this set of samples were in isotopic equilibrium at this time. It is
also distinct from T=4.3 b.y. and T=4.6 b.y. isochrons. Inclusion of
these samples therefore indicates that not all Apollo 14 materials lie
ona single 4.3 b.y. isochron, as has been inferred by 0'Nions and
Pankhurst (9). The more radiogenic clasts from both 14321 and 140366
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are KREEP-rich and have a KREEP REE abundance pattern. However, these
clasts are enriched in K and Rb by up to a factor of 2 above that re-
ported by Hubbard and Gast (10), without a corresponding increase in
REE, Sr, or Ba concentrations.

Table 1 reports data for several Apollo 15 and 16 soils. The
"whole rock" samples are generally less radiogenic than Apollo 12 and
14 soils and have model ages indistinguishable from 4.6 b.y. Sample
15271,45 is from Station 6 at the Appenine Front and 15471,25 is from
Station 4 at Dune Crater. The samples fall close to a mixing line
(with respect to Rb, Sr,K) with mare basalt 15555, in a manner con-
sistent with an increasing proportion of mare basalt in the soil away
from the Front.

The Apollo 16 soils studied are from Station 1. Sample 61241,26
( < 1 mm) is from the upper gray soil. 61221,23 ( < 1 mm) and 61222,3
(1-2 mm) are from darker soil below the surface. Dark lithic (micro-
breccia) fragments (15%) and anorthosite fragments (15%) were hand-
picked from 61222 ,3. The dark lithic fragments were crushed and pla-
gioclase clasts were hand-picked. A thin section of one such fragment
exhibits plagioclase clasts in a subophitic groundmass.

Both the anorthosite fragments and the plagioclase clasts have
very low Rb/Sr ratios and their strontium isotopic ratio is near their
initial ratio. Presuming an age of 3.7 to 4.6 b.y. for the anortho-
site fragments, their initial strontium isotopic ratio was 0.6993.
This value is above BABI and indicates formation or some reequilibra-
tion since 4.6 b.y. The same calculation for the plagioclase clasts
from the dark lithie fragments yields an initial Sr isotopic ratio
0.6999. This is distinct from the anorthosite and indicates formation
or equilibration in a more radiogenic system. If these plagioclase
clasts—equilibrated with the rest of the microbreccia fragments during
formation, then an age of 3.7 b.y. is indicated.

(1) Duncan, A. R., et al., in "Lunar Science-III," Ed. C. Watkins
(Houston: Lunar Science Institute), 1972, p. 192-194.

(2) Grieve, R., et al., in "Lunar Science-III," Ed. C. Watkins
(Houston: Lunar Science Institute), 1972, p. 338-340.

(3) Williams, R. J., 1972: Earth Planet. Sci. Letters,v.16,p.250-256.

(4) Wanke, H., et al., in "Lunar Science-III," Ed, C. Watkins
(Houston; Lunar Science Institute), 1972, p. 779-781.

(5) James, 0. B., and Wright, T. L., 1972: Geol. Soc. Amer. Bull.,
v. 83, p. 2357-2382.

(6) Papanastassiou, D. A., and Wasserburg, G. J., 1971: Earth Planet.
Sci. Letters, v. 12, p. 36-u8.

(7) Compston, W., et al., 1971: Earth Planet.Sci.Letters,v.12,p.55-58.

(8) Laul, J. C., et al., in "Lunar Science-III," Ed. C. Watkins
(Houston: Lunar Science Institute), 1972, p. 480-u482.

(9) O'Nions, R. K., and Pankhurst, R. J., 1972: Nature, v. 237, p.

4ug-4yu7. .
(10) qubarqu.J. and Gast,P.W., in"Proc. 2nd L.S. Conf." Ed.A.A.
Levinson (New York: Pergamon Press), 1971, p. 999-1020.

© Lunar and Planetary Institute * Provided by the NASA Astrophysics Data System




501

Rb-Sr STUDIES

Mark, R. K.

90000 "+05669"
HT000 “+9000L"
S0000 " +69€0L"

S00CO "+CETOL”
h0000 "+TLT0L"
S0COC “+0890L°
h0C00 “+9THOL "
80000 “+2€00L"
800C0 " +98TTL"
L0000 "+0T2€L"
80000 +€282L"
STO0C " ¥TLLEL"
STOCO “+€0hOL”
80C0C “+T29CL”

80COC “+6TSTL"
6TC00 " +2892L"
zzooc - +ez8LeL”
9T0CO " +8260L"

TTOCC "+LTTTL"
9T00C “FETSTL"
CTCCC " +T92CL"
8000C " +60T0L"
SCOC0 " +TSECL

ovT
a+mmnm\nwnm

Ce€00°0
ceoorc
9TLC"C

0SeC°C
6Ch0°0
¢TCT’C
8T80°0
LTec 0
gcec
SHhe 0
9.t°0
6h9°C
6£90°0
9960°0

e¢se e
Lsh°C
S9h°0
08ST°C

L6T"0
see’C
8€50°0
Lhec 0
9/90°0

mmhw\mmﬂx

LE'SBT
A A

9¢° 9T

ETANA
TARNAY
LS7ET
6E°TT

85’8
¢8 LT
cc6l
0T°S2
ce LT
th 61
SS° LT

8h°8T1
C6ET

9° L1
CL™ 9T

Cc'¢t
S9°¢
cs°1
¢9 ee
(A

dd
(w ummnm

T a1qelL
6°26 66T°0C
6he 9¢T"C
¢6hl ce h
cEs L1°¢
c96 15°¢2
LT6tE 16°S
692¢ Se°¢
€TE 0L9°C
COTh 0° €T
C6S0T AN
9thel 6"2¢h
9TCZT T°0h
6She Hith
162 ST 9
ehl9 L°9T
L8TS g 2e
S89CT 6782
Tihe 8h°6
9291 92°¢
= 60" ¢
Zehl cee C
31 14 10°¢
T9CT 172
(wdd) ¥ (wdd) qy

sjuswBeaJ a3Tsoylaoue
s3seTo aseroor8erd
sjuawdeaj OoTYIIT Maep
(uw 2-1) €°22219
(uw T>) g2°12219
(un T>) 92°ThZ19
(uu 1>) shTL2ST
(uu 15) g2°TLHhST
dooa aToym jreseq GGcql
M}ooa afoym jTeseq QTehT
£ £-96"2=0
96" ¢>9
sjuawBeay IYSTT hC"2-
sjuawBeaJ axep h0"z-
3oox afoym Q- 2-
T2‘99CHhT
2-s¢2¢
Ch-h8T"
(s3trds g ueaw) JGe-h8T*
0¢-h8T
S31SETO BIJD3JqOJOTW TZehT
,0T3aulew,
,83T[BqO3STID,
auaxoald
aserootr8erd
}ooa afoym
3Isero areseq SG-h8T°TZehT

JTdWYS

© Lunar and Planetary Institute * Provided by the NASA Astrophysics Data System




