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Introduction:  Troctolites, mixtures of plagioclase 

and olivine with only subordinate pyroxene, were 
among the first pristine rocks identified when petrolo-
gists limited lunar samples to those with low sidero-
phile and KREEP contents [1].  Troctolites are mem-
bers of the Mg-suite [2] comprising the pristine sam-
ples that occupy a positive trend on a diagram of the 
sodium content of plagioclase vs. the Mg-number of 
coexisting mafic minerals, and separated from the an-
orthosites that generally have mafics with lower Mg-
numbers and more calcic plagioclase.  Troctolites are 
not rare among the Mg-suite; in 54 samples summa-
rized by [3], 29 were varieties of troctolite.  Of these, 
seven samples have masses above 100 grams of which 
two are troctolites. 

Despite their relatively common occurrence among 
the pristine rocks, troctolites present a puzzle to lunar 
petrologists, including the problem of preserving the 
high magnesium contents of the troctolitic olivines 
while enabling plagioclase saturation [4]. 

Remote sensing shows that olivine-rich, pyroxene 
poor rocks are widely distributed across the lunar sur-
face.  Pieters 1982 [5] first discovered olivine remotely 
in the central peaks of Copernicus using telescopic 
infrared spectroscopy, and most recently Yamamoto et 
al. [6] have presented the distribution of spectral domi-
nant olivine outcrops moonwide using the Kaguya 
Spectral Profiler instrument.  That study showed that 
many occurrences of olivine rich, pyroxene poor loca-
tions were associated with the rings of major impact 
basins, with Crisium being the clearest example. 

Olivine-rich, pyroxene poor exposures could either 
represent troctolites derived from relative small in-
strusions or mantle dunite.  Yamamoto et al. preferred 
the latter explanation, given the frequent association of 
olivine with basin rings, but compositional studies us-
ing the Diviner Lunar Radiometer thermal infrared 
multispectral instrument indicate these exposures are 
troctolites, as the Diviner instrument should be very 
sensitive to olivine-bearing rocks with low plagioclase 
contents [7, 8]. 

The failure to detect dunite (at scales of a few hun-
dred meters) is not fatal to the notion that the olivine is 
derived from the mantle.  Hess 1994 [9] suggested the 
troctolite conundrum could be resolved by assimilation 
or mechanical mixing of magnesian olivine with anor-

thosite; while basin rings may expose mantle olivine, it 
is reasonable to expect that mixing with the massive 
overlying anorthosite crust may be common. 

In this work we refine the distribution of lunar troc-
tolite.  By formal definition troctolite can contain up to 
50% pyroxene relative to total mafics [10] and the 
presence of such relatively high abundances of pyrox-
ene will foil spectral matching algorithms seeking oli-
vine-dominated exposures using a pure olivine target 
signature.  Radiative transfer models allow computa-
tion of spectral mixtures within the entire troctolite 
field and these mixture spectra can be used as targets 
in spectral matching algorithms enable more refined 
detection of troctolites as formally defined. This ena-
bles examination of the geologic association of trocto-
lites as more broadly defined than spectral dominance 
by olivine. 

Methods:  We use the global mineral maps of 
Lemelin et al. 2015 [11] that were derived from 60-m 
(512 pixels per degree) mosaics of Kaguya Multiband 
Imager. The maps were produced from spectral mix-
tures of olivine and high and low Ca pyroxene at 10% 
relative intervals, and these 66 mixtures were then 
mixed with plagioclase at 1% intervals from 1 to 99% 
plagioclase.  These mixtures cover the entire composi-
tional field defined for lunar highland rock classifica-
tion presented by [10]. Two types of data are analyzed:  
Rock type maps were produce globally at 1 km (32 
pixels per degree) resolution, and 19 Copernican cra-
ters were studied at 60-m resolution. 

Results:  Troctolite proper (< 60  % plagioclase) is 
relatively rare at the 1 km scale, but the distribution of 
anorthositic troctolite (60-77.5% plagioclase) is strik-
ing, with exposures largely confined to basin rings and 
large craters, including Humorum, Serenitatis, Hum-
boltianum, Crisium, and Moscoviense, and.  Individual 
exposures of anorthositic troctolite also outline nearly 
a complete ring surrounding Imbrium basin, and there 
are isolate exposures associated with Orientale. Note 
that pyroclastic deposits appear as false alarms on this 
map. 

Troctolitic anorthosite (77.5 to 90% plagioclase) 
includes some basin rings (Crisium and Humorum), 
but largely comprises widespread exposures in the 
farside highlands and the southern ejecta of Orientale 
basin. 
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Finally, troctolitic rocks are almost absent within 
the huge South Pole-Aitken basin. 

Discussion:  This work reinforces the clear asso-
ciation of olivine-rich rocks with basin rings discov-
ered by Yamamoto et al. [6].  The relative abundance 
of plagioclase appears to vary from basin to basin.  
Most basins with troctolitic exposures include both 
troctolite and olivine-bearing anorthosite, while Imbri-
um and Serenitatis largely lack the more anorthositic 
olivine-dominated compositions.  This strongly sug-
gests the importance of the target composition as op-
posed to crustal thickness, as the thin-crust Crisium 
shows the presence of abundant plagioclase associated 
with olivine. Overall, the distribution of olivine sup-
ports a mantle origin for the olivine componnent asso-
ciated with basin rings, but a comagmatic origin for the 
olivine associated with the farside anorthosite. 
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Figure 1.  Top, distribution of anorthositic troctolite, bottom troctolitic anorthosite 
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