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Rhönite in Luna 24 pyroxenes: First find from the Moon, and implications for volatiles in 
planetary magmas
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Abstract  
Grains of rhönite have been discovered in magmatic inclusions in augite grains of the lunar regolith 

from Mare Crisium, returned to Earth by the Russian Luna 24 spacecraft. These rhönite grains are up 
to 8 µm long, pleochroic from tan to dark brown, and associated with ulvöspinel and silica-rich glass. 
Electron microprobe analysis gives a composition near end-member ferroan rhönite: (Ca1.9Mn0.0Na0.1)
(Fe2+

4.5Mg0.1Al0.3Cr0.0)Ti1.0(Si4.0Al2.0)O20. The Raman spectrum of these grains is like those of terrestrial 
rhönites, and distinct from titanian amphiboles. Compositionally, rhönite plus silica plus water or 
halogens (F, Cl) is equivalent to titanian amphibole plus pyroxene, so the presence of rhönite in lunar 
basaltic rock is consistent with the known low abundance of volatiles in the Moon. When calibrated, 
mineral reactions involving rhönite and titanian amphibole may provide quantitative constraints on 
fugacities of water, F, and Cl in basaltic magmas from the Moon and other planetary bodies. 
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Introduction

Compared to the Earth, the Moon is strongly depleted in 
volatiles, and its interior is generally considered anhydrous 
(Heiken et al. 1991; Spudis 2001). The internal volatile content 
of the Moon remains a critical control on its petrogenesis and is 
being reassessed in light of current interest in the Moon (Saal 
et al. 2007). One tool in this assessment is the investigation of 
minerals that could contain volatile elements. 

Amphibole is one such volatile-bearing mineral, as it can 
contain H2O (as OH), F, and Cl. Amphiboles were reported in 
several lunar rocks (Gay et al. 1971; Mason et al. 1972), but these 
finds have not been verified. A report of amphibole in Luna 24 
regolith olivine grains (Laz’ko et al. 1980) was the impetus for 
this study. I have not found amphibole, but have found the first lu-
nar occurrence of the anhydrous mineral rhönite (Treiman 2007), 
which has a composition similar to that of kaersutite amphibole. 
The rhönite is found in magmatic inclusions in pyroxene—the 
same setting for kaersutite amphibole in the shergottite martian 
basalts (Treiman 1985, 1997, 1998).

Samples and methods
Grain mount thin sections of Luna 24 regolith were examined optically at 

the ARES thin section library, Building 31, Johnson Space Center. Selected thin 
sections were borrowed for further analysis via a request to the CAPTEM lunar 
allocation subcommittee. The largest rhönite grain is in thin section 24105,15—
fortunately, it is exposed at the surface of the thin section. The allocated sections 
were examined optically at the Lunar and Planetary Institute, and then subjected 
to Raman and electron microprobe analyses at JSC. 

Spot micro-Raman analyses were taken with the Horiba HR-LabRam Raman 

microscope at ARES (JSC) using red He-Ne laser light. The laser light was focused 
through a long-focal length objective lens to a spot of  ~3 µm diameter on the thin 
section surface. We obtained several Raman spectra of the rhönite grain in 24105,15, 
and of the adjacent surrounding pyroxene, siliceous glass, and ulvöspinel. Raman 
scans were from 300 to 1100 cm–1. 

Chemical analyses and the back-scattered electron image were obtained by 
electron microprobe (EMP), using the Cameca SX-100 at ARES (JSC), 15 kV 
accelerating potential, beam current 10 na, beam diameter 1 µm. For quantitative 
element analyses, most elements were standardized against synthetic crystalline 
oxides. Other standards were orthoclase for K, oligoclase for Na, fluorite for F, 
and tugtupite for Cl. Data were reduced in the Cameca PAP routine. Analyses for 
siliceous glass are not considered quantitative, because standards did not include 
glasses, and because the focused beam likely caused significant volatile loss and 
element mobility.

Results

The L24 regolith includes mineral fragments, rock fragments, 
and glasses (Coish and Taylor 1978). Most mineral fragments 
are pyroxenes and olivine, which are interpreted as fragments 
of crystalline basalts and gabbros emplaced in the Mare Crisium 
basin. Many of these pyroxene grains contain glassy inclusions 
(with or without crystalline phases) that are inferred to be melt 
inclusions—remnant of magma trapped in crystals as they grew 
(Roedder and Weiblen 1978). 

Melt inclusions in many pyroxene grains contain tabular 
brown crystals—approximately 20 such grains have been found 
in the three investigated grain-mount sections (L24105,15; 
L24149,41; L24174,64). These grains may have been noted 
before by Roedder and Weiblen (1978, p. 497) as “… roughly 
tabular, transparent, yellow-brown daughter crystal[s], presum-
ably a spinel….” The two largest brown crystals are ~10 µm in 
length, and one in L24105,15 is cut by the thin section surface 
(Fig. 1); all optical and chemical data are for that grain. The * E-mail: treiman@lpi.usra.edu


