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The petrographic and microprobe characteristics for this dunite have been 
well documented (1). The dunite may represent a cumulate formed during early 
lunar differentiation. Cr-spinel and melt inclusions also occur in olivine 
as discrete inclusions. Symplectic intergrowths in the troctolite 76535 are 
similar (2) to the ones observed in the dunite 72417. As discussed later from 
the trapped liquid (TL) argument, dunite 72417 may have originated from a con- 
siderably deeper depth relative to the troctolite 76535 depth of 10-30 km. 

We received 9 samples (70-130 mg) selectively picked by G. J. Wasserburg 
from different locations of a highly crushed dunite (72415-72418, Wasserburg 
Consortium). After INAA, six out of nine samples were reanalyzed by RNAA for 
11 REE, Ba and Sr to define precisely the REE patterns. Two samples were 
identical in composition and thus only seven discrete patterns are displayed 
in Fig. 1. These abundances are the lowest K, Ba, Sr and REE abundances ob- 
served in any lunar sample to date. 

Considerable ranges were observed for the dunite fragments: (X) A1203 
(0.40-4.0) , FeO (12.0) , MgO (43-50), CaO (0.40-3.0) , MnO (0.11) and Cr2O3 
(0.24-0.83) ; (ppm) Na20 (30-430), K20 (5-65), Sc (3-6) , V (40-80) , Co (45-85) , 
La (0.024-0.45), Sm (0.010-0.23), Eu (0.011-0.18), Yb (0.024-0.15) , Lu (0.0045 
-0.022), Ba (0.8-8), Sr (1.2-25), Ni (100-650) and Au (1-4 ppb). For four 
dunite samples the average Sr/~a and K / B ~  ratios of 3.05.1 and 6.35.8 re- 
spectively, agree with the corresponding ratios previously reported (1). P1 
based on A1203 varied from 0.57-11% among the nine dunite fragments. A1203 
shows strong correlations with the REE, Ba, Sr, Na20, K20 and CaO (Fig. 2). 
This suggests that the LIL trace elements are concentrated in the TL (3,4) and 
melt inclusions (1). There is evidence from our Au and Ni data that the dun- 
ite was partially contaminated with an ancient meteoritic planetesimal during 
major basin formation before its incorporation into the KREEP-rich blue-gray 
breccia 72435, boulder-3. 

Ratios of A1203/Ca0 are fairly constant, suggesting that -70% CaO is 
present in pl and remainder in px. From the Sc vs La plot in Fig. 3, 3.4 ppm 
Sc is estimated as indigenous in 01. Knowing the 01 and % TL fractions in a 
sample discussed later, the Sc content in the TL or the equivalent magma from 
which the dunite was assumed to have crystallized from is calculated to be 4- 
5X chondrites; a.DsC(&) of 0.10 is estimated. Nickel and Co abundances 
are compatible wlth residence in Fe-metal and/or olivine (2). 

Striking features in the REE patterns (Fig. 1) are: (a) the light REE 
La-Sm are nearly flat; (b) the ~u/Sm ratio at 2.1 is essentially constant; 
(c) the heavy REE show a systematic change in slope with decreasing REE and 
pl content. The bottom three fragments (Fig. 1) suggest significant olivine 
components; (d) the divalent Ba, Sr and Eu elements are nearly constant in 
abundances, indicating no fractionation of these elements during crystalliza- 
tion of the dunite. We assume that the patterns reflect a combination of TL 
and 01 in each sample and that the trivalent REE in the highest LIL pattern 
are largely present in the TL component. With appropriate normalization and 
ol/liq coefficients (5) we calculate 6.8X chondrites for Lu in the magma and 
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also 9.0% TL in the highest REE sample. The highest TL value of 9.0% for a 
dunite fragment falls within the estimated TL range of 8-16% for the trocto- 
lite 76535 (3). Similar calculations yield 6.0% and 5.1% TL in the other two 
high REE samples. Based on the TL contents, we calculate the abundances (X 
chondrites) in the magma: La (10-13X); Ce, Nd (11-12X); Sm (10-12X); Tb, Dy 
(8-10X); Yb (7-8X); Lu (6.8X4; Sc (4-5X); and Hf (9-10X). Using the same TL 
fractions, K* (0.5-0.7X), Ba (17-22X), ~ r *  (15-22X) and EU* (15-22X) are 
estimated in the magma from which the dunite crystallized. If the abundances 
of K, Ba, Sr and Eu were normal in the magma, say 10-12X for Ba, Sr and Eu and 
0.2-0.3X for K, then part of the pl as cumulate would account for these high 
anomalous values of K, Ba, Sr and Eu. Assuming appropriate D for Eu and Sr 
(6), we calculate that -40-50% of the observed pl at 1300°c and -52-70% of the 
observed pl at 14000C may be cumulate pl. 

From the REE patterns in the fragments with the highest TL fraction and 
the proposed primordial moon abundances of 4X-5X (7) for LIL trace elements, 
it appears that the dunite 72417 crystallized from a magma after -55% 01 pre- 
cipitation had already occurred from a deep (-100-200 km) lunar magma. 

Hodges and Kushiro (8) proposed an attractive model of the moon with a 
layered structure of differentiated sequences with dunite forming a layer be- 
tween 100-200 km. They state that their model cannot account for troctolitic 
rocks unless pl crystallization follows 01 and precedes opx and cpx. If we 
assume a flat REE (5X) pattern in the primordial magma, a severe degree of 
fractionation of La/Lu is possible if garnet is crystallized along with 01 
before the dunite 72417 dropped out. We require 55% 01-3.5% garnet crystal- 
lization in order to explain the observed La/Lu ratio in the TL of the dunite. 
Since it is likely that D~~(F) > D L ~  y s c will crystallize with garnet 
to a higher degree than Lu. &8ch a mec a ism is consistent with a primordial 
lunar Sc of -5X. We suggest that the dunite 72417 crystallized at a very late 
stage of layering just prior to or concurrent with pl precipitation and much 
before crystallization of the troctolite 76535, and that the dunite occluded 
some pl cumulate which would account for the K, Ba, Sr and Eu anomalies. 
Such a mechanism does not require K, Ba, Sr and Eu anomalies in the primordial 
lunar magma. 

Fig. 4 shows a correlation between Sm and the chondritic normalized Sm/Eu 
ratios for all varieties of samples taken from all eight lunar sites (4). 
This regular correlation suggests a common magmatic differentiation series. 
If the dunite is associated with this common sequence, then the extrapolated 
line would give a magma of 6X for Sm compared to our earlier estimate of 10- 
12X for Sm. Since the Sm/~u ratio in the dunite samples may have been lowered 
by a factor of -2 due to cumulate pl, the corrected Sm/~u ratios due to TL 
would be twice higher or 12X Sm in the magma. 
(1) Albee et.al. (1974) Lunar Sci. V, p. 3-5. (2) Gooley et .al. (1974) G.C.A- 
38, 1329-1339. (3) Haskin et.al. (1974) Proc. Lunar Sci. Conf. 5th, p. 1213- - 
1225. (4) Wakita et.al. (1974) Meteoritics. (5) Higuchi and Nagasawa (1969) 
E.P.S.L. 7, 281-287. (6) Weill et.al. (1974) Proc. Lunar Sci. Conf. 5th, p. 
1337-1352. (7) Ganapathy, R. and Anders, E. (1974) w., p. 1181-1206. (8) 
Hodges, R. N. and Kushiro, I. (1974) Ibid., p. 505-520. 

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



Laul, J. C. et.al. 

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


