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Compared to the Earth, its Moon is strongly de-

pleted in volatiles, and its interior is generally treated 

as anhydrous. The internal volatile content of the 

Moon remains a critical control on its petrogenesis, 

and can be re-assessed in light of current interest in the 

Moon. One tool in this assessment is chemical (and 

isotopic) analysis of minerals that could contain vola-

tile elements.  

One volatile-bearing mineral is amphibole, which 

can contain H2O (as OH), F, and Cl. Amphiboles were 

reported in several lunar rocks [1,2], but these finds 

have apparently not been verified. A report of amphi-

bole in Luna 24 regolith olivine grains [3], detailed and 

seemingly reasonable, was the impetus for this study. I 

have not found amphibole (so far), but have found the 

first lunar occurrence of the anhydrous mineral rhönite, 

which has a composition similar to that of kaersutite 

amphibole. The rhönite is found in magmatic inclu-

sions in pyroxene – the same setting as for kaersutite 

amphibole in the shergottite Martian meteorites [4,5]. 

Methods: Grain mount thin sections of Luna 24 

regolith were examined at the ARES library, Bldg 31, 

Johnson Space Center. Sections were examined with 

petrographic microscopes, and with the Horiba HR-

LabRam Raman microscope at ARES using red He-Ne 

laser light. Chemical analyses are by electron micro-

probe, using the Cameca SX-100 at ARES, 15 kV ac-

celerating potential, beam current 10 na, beam diame-

ter 1 m. Most elements were standardized against 

synthetic oxides. Other standards were: orthoclase for 

K; oligoclase for Na, fluorite for F, and tugtupite for 

Cl. Data were reduced in the Cameca PAP algorithm.  

Results: The L24 regolith includes mineral frag-

ments, rock fragments, and glasses [6]. Most mineral 

fragments are pyroxene (pigeonite and augite), and 

most of them contain glassy inclusions with or without 

crystalline phases. These inclusions are interpreted as 

magmatic inclusions [7] – remnant of magma trapped 

in growing crystals.  

Magmatic inclusion in several pyroxenes contain 

tabular brown crystals which are optically anisotropic, 

pleochroic from pale greenish brown to reddish brown, 

and with inclined extinction, Figure 1. These optical 

properties are not consistent with previously reported 

lunar minerals, but are consistent with kaersutite am-

phibole as is found in similar magmatic inclusions in 

Martian meteorite pyroxenes [4,5]. The adjacent 

opaque grain is ulvöspinel (Table 1).  

 
Figure 1. The largest L24 rhönite grain found to date. Top 

images are plane light, oriented 90° to each other to show 

pleochroism. Bottom image is crossed polars with host py-
roxene near extinction, showing that the grain is anisotropic. 

The largest of these brown grains (in L24105,15) 

sits in a calcic pyroxene of lunar Fe/Mn ratio (Table 1 

[8]). The EMP chemical analyses of the grain (Table 1) 

contain far too little silica to be a kaersutite or other 

amphibole, but are consistent with those of the mineral 

rhönite [9].  

The Raman spectrum of the brown grain (Fig. 1) is 

consistent with rhönite [10], but also consistent with 

some amphiboles (Fig. 2).  
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Table 1. EMP chemical compositions of rhönite and adjacent 

minerals in L24105,15. 

 
rhönite 

average 
pyroxene 

ulvö- 

spinel 
glass 

SiO2 27.40 45.81 0.07 66.9 

TiO2 8.99 1.17 30.90 0.10 

Al2O3 13.27 3.22 5.12 14.0 

Cr2O3 0.07 0.05 0.56 0.00 

FeO 37.21 37.04 60.35 2.78 

MnO 0.16 0.46 0.35 0.08 

MgO 0.56 2.00 0.09 0.14 

CaO 11.96 11.01 0.32 8.2 

Na2O 0.36 0.06 0.00 0.87 

K2O 0.01 0.00 0.00 1.85 

Cl <0.05 - - 0.02 

F <0.01 - - <0.1 

sum 99.99 100.83 97.94 94.9 

Fe/Mg    37 10 374 - 

Fe/Mn   237 79   170 - 

 

 
Figure 2. Raman spectrum of Luna 24 rhönite grain (Fig. 1), 
compared with a terrestrial rhönite and an amphibole [10,11]. 

Rhönite: Rhönite is in the aenigmatite group – 

branched single-chain silicates, which accommodate a 

wide range of elemental substitutions [12]. The com-

position of the L24 rhönite, (Na0.09Ca1.88Mn0.02) 

(Fe
2+

4.56Mg0.12Al0.31Cr0.01)Ti0.99(Al1.98Si4.02)O20, is close 

to the ideal formula: Ca2M
2+

5Ti(Al2Si4)O20. Ferric iron 

is not required for charge balance in the L24 rhönite; in 

fact, it has a slight excess of cation charge, which 

could suggest that it contains some Ti
3+

.   

Rhönite is known from meteorites only in rare 

CAIs in chondrites [13,14]; aenigmatite has been 

found in two chondritic breccias [15,16]. On Earth, 

aenigmatite-group minerals are typically rich in ferric 

iron, and occur most commonly in silica-

undersaturated mafic igneous rocks [12], and as a 

product of the decomposition or melting of kaersutite 

[17-20]. Aenigmatite-group minerals are commonly 

replaced or are associated with magnetite, olivine, and 

Ca-pyroxene [12].  

Discussion: This is the first report of rhönite from 

a lunar rock, although not first either from outside the 

Earth [13] or in magmatic inclusions [21]. Its signifi-

cance is in its implications for volatiles in planetary 

magmas, specifically in comparison with kaersutite 

amphibole. Kaersutite decomposes to rhönite (and 

other phases) in heating and/or dehydration [17-20], so 

volatile-poor lunar magmas would be expected to pro-

duce rhönite, not kaersutite. 

Some Martian magmas, however, have produced 

kaersutite in their magmatic inclusions, which might 

suggest significant water in the magmas (e.g., 

[4,22,23]). However, the kaersutites now contains 

nearly no OH [24]. It has been unclear if the low OH 

content was original or represents subsequent dehydra-

tion and oxidization [25-27]. Knowing now about 

rhönite in the L24 magmatic inclusions, it is fair to ask 

how much Martian water (or F or Cl) is needed to sta-

bilize kaersutite with respect to rhönite.     
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