
LUNA 24 VLT MICROGABBRO AND RECRYSTALLIZED BASALT - NEW 
CHEMICAL DATA. M.-S. Ma and R.A. Schmitt, Department of Chemistry 
and the Radiation Center, Oregon State University, Corvallis, OR 
97331. 

Resulting from a collaborative chemical (E. Anders, R.A. 
Schmitt), mineralogical-petrological (A.L. Albee), and isotopic 
(G.J. Wasserburg, consortium leader) study of Luna 24 rocklets, 
we report the chemistries of four Luna 24 samples (two micro- 
gabbros and two recrystallized basalts). These four samples, 
which were prepared by G.J. Wasserburg and co-workers, were first 
analyzed by INAA for major, minor, and trace elements (including 
the REE's). The two large samples (24067,3201 and 24067,3801) 
were then sent to Cal Tech (Wasserburg et al.) for isotopic meas- 
urements and the two small samples (24067,3202 and 24067,3802) 
were sent to the University of Chicago (Anders et al.) for RNAA -- 
of selected siderophile, volatile, and lithophile trace elements. 
Because of the sequential isotopic measurements of the same neu- 
tron irradiated samples, these samples were activated in a lower 
neutron flux, i.e., % 1/3 of the normal neutron flux we normally 
use. Elements such as Eu, Hf, Th, and Ta, which are measured via 
their corresponding long lived radionuclides, were either not ac- 
curately measured or undetermined in the two small samples be- 
cause of the small sample size, the lower neutron flux and the 
limited time available for gamma-ray counting. These four sam- 
ples have very low Ti abundances (0.7-0.9%) similar to those re- 
ported for Luna 24 VLT ferrobasalts (e-g., 1,2), and represent ad- 
ditional members of the VLT basaltic family. 

Microgabbro: The petrological study of other fractions of 
the same parent rock (3) indicates 24067,3201 and 24067,3202 are 
relatively "coarseu-grained (average grain size ~ 0 . 3  mm) micro- 
gabbro. The major, minor, and trace element abundances of these 
two sub-samples show large variations (Table 1, Figure 1) which 
are likely due to sampling problems of the "coarsen-grained sam- 
ples. (For a sample with 0.3 mm average mineral sizes, a -90 mg 
fragment should be a representative sample). The major element 
chemistry indicates that 24067,3202 has slightly higher olivine 
(%5%) and pyroxene (%2%) and lower plagioclase (-7%) content rel- 
ative to those of 24067,3201. The higher K20 and REE abundances 
observed in 24067,3202 indicate that this sample contains more ac- 
cessory phases (e.g., phosphates) or mesostasis, which have high 
levels of incompatible trace elements than those present in 24067, 
3201. The weighted average chemical com~osition, which is dom- 
inated by the larger size sample 24067,3201, is used in the fol- 
lowing discussion. The normative mineralogy of the microgabbro 
(37% plagioclase, 49% pyroxene and 13% olivine) is quite different 
than its modal mineralogy (61% plagioclase, 38% pyroxene and 1% 
olivine) obtained by thin-section study (3). This type of dis- 
crepancy between the normative and the modal mineralogies was al- 
so noted in another Luna 24 gabbro 24170 (4) and could be attrib- 
uted to sampling problems. The major and minor element abundances 
in this microgabbro are similar to those obtained from other frac- 
tions of the same parent rock 24067 (5). Compared to Luna 24 VLT 
ferrobasalts and recrystallized basalts (metabasalts) (e.g., 6,7), 
the microgabbro has higher Al2O3 (13.2 versus 11.1-12.8%) and 
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lower FeO (18.9 versus 20.9-22.4%) abundances and a lower Fe/Fe+ 
Mg ratio (0.58 versus 0.59-0.67). The light REE pattern of micro- 
gabbro 24067 ((La/Sm)C.y.=0.87; C.N. = chondritic normalized) is 
less fractionated relative to Luna 24 VLT ferrobasalts (0.69+0.13) 
and recrystallized basalts (0.64+0.10). The heavy REE pattern 
((Sm/Yb)C.N.=1.17) is similar to those of ferrobasalts (1.16k0.05) 
and is less fractionated relative to recrystallized basalts (1.32 
k0.07) (6,7). The positive Eu anomaly ((Sm/E~)~.~.=0.82) of the 
microgabbro is similar to those of Luna 24 recrystallized basalts 
(0.79+0.11) (6,7) but is larger than that of ferrobasalt 24174,7 
(7). The positive Eu anomalies, which are not common to other 
lunar basalts and gabbros, could imply a possible genetic rela- 
tionship among these samples. The more fractionated REE patterns 
and the higher Fe/Fe+Mg ratio of the recrystallized basalts in- 
dicate that they could be evolved from a microgabbro-type liquid. 

Recrystallized basalt: Samples 24067,3801 and 24067,3802 
are fine grained recrystallized basalts with an average grain size 
of 10-20 vm (3). Even though the recrystallized basalt is fine 
grained, we have observed noticeable differences in the major, 
minor, and trace element abundances between the two sub-samples 
(Table 1). The weighted average chemical composition of the two 
sub-samples is used in the following discussion. The recrystal- 
lized basalt 24067 has similar major, minor, and trace element 
abundances to those of previously reported Luna 24 recrystallized 
basalts (6,7) and is characterized by a unique positive Eu anomaly 
The recrystallized basalt 24067 has less fractionated light REE 
patterns ((La/Sm)C.~.=0.77) than those of previously reported Luna 
24 recrystallized basalts (0.64k0.10) and has a very similar heavy 
REE pattern ((Sm/Yb)C.N.=1.26 versus 1.32k0.07 and a (S~/EU)~.~. 
ratio of 0.71 versus 0.79k0.11). The chemical similarities in 
the major, minor, and trace element abundances of the relatively 
larger size Luna 24 recrystallized basalt 24067 with other pre- 
viously reported recrystallized basalts and microgabbro 24067 fur- 
ther confirm a common origin for the derivation. The data ob- 
tained in this study serve to confirm our previous conclusions 
about the petrogenesis of the Luna 24 basaltic liquid (6): "From 
these estimations (the relative Rb/Sr and Sm/Nd ratio fraction- 
ations) and a consideration of the ranges in fractionation al- 
lowed by these isotopic constraints, we suggest that an insignifi- 
cant degree of fractionation for the REE and Rb/Sr between the ba- 
saltic magma and its source occurred during the formation of the 
Luna 24 VLT ferrobasaltic magma. Therefore, we suggest that the 
Luna 24 VLT ferrobasalts and gabbros formed by large degrees of 
melting of fractionated source material (probably a cumulate) in 
which possibly olivine and orthophyroxene, with small amounts of 
clinopyroxene and plagioclase (see argument in (6)) remained in 
the residue." 

References: (1) Taylor G. J, -- et al. (1977) Geophys. Res. Lett. 
4, p.  207-210. (2) Vaniman D.T. and Papike J.J. (1977) Ibid., - 
4, p. 497-500. (3) Beaty D.W. et al. (1980) (this volume). (4) - 
The Lunatic Asylum (1978) Mare Crisium: The View from Luna 24, 
p. 657-678. (5) Barsukov V.L. -- et al. (1977) Proc. Lunar. Sci. 
Conf. 8th, p. 3319-3332. (6) Ma M.-S. -- et al. (1978) Mare Crisium 
The View from Luna 24, p. 569-592. (7) Laul J.C. et al. (1978) -- 
Ibid, p. 537-568. 
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Table 1. Elenent Abundances i n  LUM 24 Ilicmgabbro and Recrystal l ized ~ a s a l t ~  

24067.3201 24067,3202 24067.3801 24067,3802 
36.8 ql 2.5 mg 26.6 mg 2.2 mq 

Micmgabbro Recrystal l ized Basalt 

Ti02('L) 0.7 0.7 0.9 0.8 

A1 2'3 13.2 10.8 12.3 10.8 

FeO 18.9 20.1 19.6 19.2 

k l o  7.7 8.8 6.5 7.0 

CaO 13.7 14.0 13.0 11.3 

%O 0 267 0.338 0.232 0.262 

5 0  0.017 0.040 0.017 0.018 

IhO 0 243 0.285 0.232 0.262 

Cr203 0.298 0.286 0.225 0.264 

~ ( P P )  52 66 41 38 
V 157 164 177 157 

to I 37 36 38 

La 2.4 5.3 1.7 0.95 

Ce 6.6 14.2 4.7 ---- 
b 1.57 3.54 1.24 0.97 

Eu 0.76 (1 .251b 0.63 (0 .89 )~  

Tb 0.38 0.82 0.26 ---- 
DY 2.6 5.6 1.9 1.5 

Yb 1.5 3.60 1.1 0.96 

Lu 0.24 0.56 0.17 0.16 

Hf 1 .O (5.9) 0.9 ---- 
l a  0.15 ---- 0.13 ---- 
Th 0.24 ---- 0.11 ---- 
a~st i lsated e m r s  due to counting s t a t i s t i c s  are: A120p, FeO. CaO, 
NazO. W .  Crzb ,  V, Co. La (except i n  3802) and L. + 1-54; Yb. 
Lu and La i n  3802; & 5-102; Ti&. 1190. KpO. Eu !excepi i n  3202 and 
3802). Dy and Hf. + 10-155; Ce, Tb. l a  and Th, + 1540%. 

b ~ a r s e  errors which .py be >502 are associated with these Eu data 
because i t was necessary to count the saq energy gars ray, - both 1 5 2 a 1 ~ ~  and 12.73 l S 2 ~ u  over a period o f  
about f i r e  days. 
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