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abstract

Basalt fragment 71597 is the sole high-titanium mare basalt showing evidence for olivine accumu-
lation during formation. The petrogenesis of this unique sample was investigated using quantitative 
textural analysis and major- and trace-element mineral geochemistry. Crystal size distribution analysis 
identified two size populations of olivine, which we separate into cumulate and matrix olivine. The 
spatial distribution of olivine also supports clustering of olivine crystals, likely during accumulation. 
Observed mineral chemistry was consistent with an origin through olivine accumulation, although where 
this occurred cannot be discerned (e.g., in ponded melts at the base of or in the lunar crust, or within 
a thick high-Ti basalt flow). Attempts to place 71597 within a geochemical group were inconclusive 
both using subtraction of cumulate olivine from bulk composition, and by modal recombination of 
major phases. However, equilibrium liquid compositions of augite and plagioclase are determined to 
be consistent with an origin by fractionation from the Type B2 chemical suite of Apollo 17 high-Ti 
basalts. This method of classification has potential for placing other Type U (“Unclassified”) basalts 
into chemical suites.
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introDuction

Olivine cumulates have been recovered from multiple lunar 
locales, although they form only a small part of the mare basalt 
sample collection. The majority of cumulates are low-titanium 
(TiO2 < 6 wt%) composition comprising Apollo 12 ilmenite 
basalts 12005 and 12036 (Dungan and Brown 1977; Rhodes et 
al. 1977), several members of the Apollo 12 olivine basalt suite 
(Neal et al. 1994), Apollo 15 basalts 15385 and 15387 (Ryder 
1985), Apollo 14 clast 14305,122 (Taylor et al. 1983), and six 
fragments in lunar meteorite NWA 773 (Jolliff et al. 2003). The 
only high-Ti cumulate is basalt 71597 (8.4 wt% TiO2), a 12.35 g 
fragment collected with Apollo 17 mission rake samples (Murali 
et al. 1977; Warner et al. 1977). The composition and formation 
of this fragment relative to Apollo 17 high-Ti basalts provides 
information on an end-member of lunar volcanic textures.

Whole-rock analyses (major and trace element abundances) 
conducted by neutron activation techniques (Murali et al. 1977) 
and mineral compositions (major element) have been interpreted 
to indicate basalt 71597 experienced 24–27% olivine and pos-
sible minor ilmenite accumulation (Warner et al. 1977). The 
evidence for accumulation described by Warner et al. (1977) 
can be summarized in four main points:

•  71597 contains the highest whole-rock MgO content 
(15.8 wt%) and the highest modal olivine abundance 
(19.3%) of any high-Ti basalt.

•  Whole-rock REE abundances are lower than, but sub-
parallel to, typical Apollo 17 high-Ti basalts, indicating 

dilution by REE-poor olivine (± ilmenite).
•  There is a bimodal distribution of olivine Fo-content 

between large, anhedral olivine cores and small 
“matrix” olivine grains (Fig. 1).

•  It is unusual to find olivine crystals several millimeters 
in size in a coarse-grained matrix, as large olivine 
crystals within other Apollo 17 samples are typically 
found as phenocrysts in fine-grained basalts (e.g., 
74275).

Warner et al. (1979) further suggested 71597 originated in a 
Type B flow (after Rhodes et al. 1976; separated into Types B1 
and B2 by Neal et al. 1990). However, the small sample size of 
71597 (12.35 g; Neal and Taylor 1993) and coarse grain size has 
precluded the determination of an incontrovertibly representative 
whole-rock analysis, which means that 71597 remains unclassi-
fied. Apollo 17 high-Ti basalts are classified into several groups 
(Types A, B1, B2, C, D, and U for “unclassified”) on the basis 
of whole-rock geochemistry (Rhodes et al. 1976; Warner et al. 
1979; Neal et al. 1990; Ryder 1990). Type A basalts contain 
50–60% higher incompatible trace element abundances than 
the other groups (Rhodes et al. 1976). Types B1 and B2 basalts 
were split primarily on the basis of La/Sm ratios (Neal et al. 
1990). Type C basalts contain high MgO and Cr2O3, and have 
less ilmenite on the liquidus at early stages of crystallization. 
The Type D group is defined by a single basalt fragment (,2144) 
from drive tube 79001, and has the highest MgO/TiO2 ratio and 
lowest incompatible trace element abundance of any other clas-
sified Apollo 17 basalt (Ryder 1990). Classification schemes for 
Apollo 17 basalts are weighted toward incompatible elements, 
and are thus strongly affected by the amount of mesostasis and 
late-stage components sampled. This effect is more pronounced 
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