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Introduction: The samples from Apollo 17 have 

been the primary source of study of the Mg-suite rocks 

for over 50 years now, given the pristinity and large 

number of the recovered samples. Even though it has 

been a long time that these rocks have been studied, 

there are still recent discoveries of new textures and 

chemical features from which to obtain additional 

constraints on the formation of the Mg-suite rocks 

[1,2], which suggests that there are still aspects and 

features in them that have yet to be considered and 

could prove useful for studying. Our recent work has 

been focused on assessing whether there could be a co-

genetic relationship between the Apollo 17 Mg-suite 

samples. During this research, we have observed 

textures and phases that have little to no mention in 

previous literature, some of which can be found 

present in multiple samples. Perhaps the most 

significant one is the presence of a late-stage K and 

Rb-rich melt phase that is present in most norites and 

gabbronorite samples. We have also identified 

variations in the compositions of melt pockets in 

cumulate rocks and melt inclusions that can provide 

significant insight into the later stages of evolution of 

the Mg-suite rocks, the nature of KREEP, and the 

highly evolved magmatism that has been identified in 

the lunar surface and in rock samples like the Alkali-

suite. 

Methods: We have examined 35 thin sections 

from 20 samples of Apollo 17, encompassing the 

range of Mg-suite rocks that include dunites, 

troctolites, norites, and gabbronorites. Textural 

analysis is performed via optical microscope and back 

scattered electron (BSE) imaging in both scanning 

electron microscopy and electron-probe microanalysis 

(EPMA). Analysis of major and minor elements in 

most phases were conducted using a Cameca SXFive 

FE EMP at the University of Florida at 15 kV and 20 

nA. A 2-5 nA defocused beam was used for the K-Rb-

rich glasses to minimize alkali migration during 

measurement.  

Melt pockets and a late-stage phase: Cumulate 

rocks trap melt in between their settling crystals, 

which then crystallizes and evolves in a similar way to 

the parental magma. This means that as the cumulates 

that settle from the melt become more evolved, the 

melt pockets in them record a similar, though not 

identical, progression. In the case of the Mg-suite, 

which follows a troctolite-norite-gabbronorite and 

alkali-suite rocks progression [3], the trapped melt 

pockets in them seem to follow the same progression 

with the addition of minor phases like phosphates, 

SiO2 and zircon. Most melt pockets in troctolite 76535 

are mostly orthopyroxene, with clinopyroxene in 

some, and SiO2, zircons and phosphates in the most 

evolved pockets. The pockets in norites are mostly 

clinopyroxene and SiO2, with minor phases such as 

phosphates, baddeleyite, ilmenite and Nb-bearing 

rutile. It is in the norites where we first observe K-rich 

glass trapped between grain boundaries in 

orthopyroxene of sample 78235. Further inspection 

led to the finding of this phase in all of the norite 

samples, most times as a partially recrystallized glass 

(Fig.1A), but in some cases completely crystallized as 

an SiO2 polymorph and K-feldspar, forming 

myrmekitic arrangements. This phase also appears in 

melt pockets with SiO2 and clinopyroxene, and also in 

melt inclusions in plagioclase, with one of them 

exhibiting liquid immiscibility with two different glass 

compositions. The gabbronorite samples we have 

studied do not appear to have melt pockets like norites 

and troctolites do; however, the same K-rich glass is 

found permeating through cracks in crystals that seem 

to predate the impacts that brecciated the sample (Fig. 

1B).  

Chemical compositions: The K-rich glass has a 

compositional range between 5-8 wt. % K2O, ~65-75 

wt. % SiO2, ~10 wt. % Al2O3 and most surprisingly, 

variable, but extremely high Rb2O in the range of 

multiple wt. %. Although it has small amounts of most 

other common elements, Na2O never exceeds 0.7 wt. 

%, which is odd given the amount of plagioclase in the 

Mg-suite and its progressive Na enrichment as it 

evolves. Some of the K-feldspars also contain Ba. 

Although there are variations between samples in the 

composition of this phase, they all remain fairly 

similar, especially given the varying degrees of 

crystallization they show. In some cases, volatile 

bubbles are also present (Fig.1A).  
Discussion: Compositionally, the origin of the K-Rb-

rich melts is not consistent with continuous fractional 
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crystallization from a mafic source, but are more akin, 

with the exception of Rb, to those found in silicate 

liquid immiscibility in lunar basalts [4-7] or even 

granitic pegmatites [8]. Such high Rb contents in this 

phase are orders of magnitude higher than even Rb-

rich pegmatites [9], but given the high K abundances 

it is most logical that this phase is directly related to 

KREEP. 

The remobilization of this phase into the 

gabbronorite as a secondary process (Fig. 1B) rather 

than primary entrapments such as in the case of the 

norites, suggests that this phase accumulated 

separately from the gabbronorite. Further evidence of 

this is found on a basaltic clast found in sample 76255-

72 (Fig. 1C), which is the same sample as one of the 

most pristine gabbronorites. This is a coarse-grained 

basalt mostly composed of plagioclase, clinopyroxene, 

and ilmenite, and is also abundant in the K-Rb-rich 

glass, which is trapped inside plagioclase crystals and 

accumulates between clinopyroxenes. What is 

significant about this basaltic clast is that it not only 

has the same mineralogy as the gabbronorite but it also 

has nearly identical compositions for all phases, which 

would imply three things. Firstly, this clast is probably 

an extrusive manifestation of the Mg-suite, with a 

composition akin to the very-high-K (VHK) basalts of 

Apollo 14 [10], and in line with the hypothesis of Arai 

et. al. (2006) [11] that VHK basalts are directly related 

to Mg-suite gabbronorites. Secondly, the gabbronorite 

is most likely formed by the same magma erupted in 

the basaltic clast and its composition could represent 

that of its parental melt. Finally, that the extremely 

differentiated K-Rb-rich melts are a product of late-

stage evolution of the Mg-suite. 

The accumulation of highly evolved magmas, 

such as the phase we describe here, is a potential 

process that could explain the origin of the granitic 

magmatism and highly silicic volcanism that is 

observed throughout the lunar crust, such as the 

Gruithuisen domes, although the volumetric 

significance of evolved melt formation through this 

process is unclear. Therefore, the study of this phase 

could prove essential for understanding the nature of 

KREEP, the Mg-suite, and quite possibly the origin of 

evolved magmatism in the Moon. 
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Figure 1 BSE images showing A) A partially recrystallized 

K-Rb-rich glass inclusion in orthopyroxene in norite 

77215-100. B) K-Rb-rich glass in cracks of crystals of the 

gabbronorite clast of sample 76255-72. C) Basaltic clast 

with plagioclase, clinopyroxene, ilmenite and K-Rb-rich 

glass in breccia 76255-72. 
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