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Introduction:  Lunar meteorites as specimens from 

random locations on the lunar surface, provide crucial 

supplementary to the returned Apollo and Luna sam-

ples. Northwest Africa (NWA) 4734 is the largest mare 

basalt among the lunar meteorite collections to date 

(http://meteorites.wustl.edu/lunar/moon_meteorites_list

_alumina.htm). The petrography, mineralogy, geo-

chemistry and chronology of this meteorite have been 

reported in many previous studies, e.g., [1], [2], etc. 

The purpose of this work is to apply Raman spec-

troscopy, which has been proved robust to identify 

mineral compositions, polymorphisms and phase tran-

sitions within geologic materials [e.g., 3-5], to charac-

terize variations of mineral chemistry and extensive 

shock products in this lunar piece. 

Analytical Methods:  Raman spectroscopic meas-

urements of NWA 4734 were performed by Renishaw 

inVia® Raman Microscope in Shandong University, 

Weihai, China. We employed green laser (532 nm) for 

excitation and measured Raman shift range of 

100~1400 cm−1 with a spectral resolution better than 1 

cm−1. Si wafer with a Raman peak at 520.5 cm−1 was 

used as the wavelength calibration standard. 5× objec-

tive for overall scans, 50× and 100× objectives for 

detailed analyses were combined and the spatial resolu-

tion of laser spot is better than 1 μm with tightly fo-

cused beam under the 100× objective. 

Results and Discussions:  We have identified a 

dozen of phases (pyroxene, feldspar group, 

maskelynite, olivine, Fe-Ti-Cr oxides, merrillite/apatite, 

baddeleyite, silica, sulfide, glass, metal, etc.) in the 

section of NWA 4734. Typical Raman spectral patterns 

are shown in Figure 1. 

Mineral chemistry.  The En and Wo values of lunar 

pyroxene and the Fo value of olivine can be deter-

mined using their Raman peak positions (as shown in 

Figure 2a, b) within an accuracy of ±10 [6-7]. Pyrox-

ene and olivine compositions from NWA 4734 section 

are shown in Figure 2c. Pyroxene in NWA 4734 exhib-

its extensive compositions (Fs25–90Wo7–48En2–54), rang-

ing from orthopyroxene to clinopyroxene, and then 

continuously increasing in Fe toward pyroxferroite and 

ferrosilite. Chemical zoning is observed in pyroxene 

grain possessing Mg-rich orthorhombic core and Fe-

rich monoclinic or triclinic rim (Figure 3). Olivine in 

NWA 4734 occurs as two clusters, relatively forsteritic 

phenocrysts (Fo40-70) and fayalitic small patches (Fo4-30) 

in the mesostasis overlapped by glassy and transparent 

spherules known as “Swiss cheese” pattern [1]. These 

results are consistent with electron microprobe (EMP) 

measurements within the tolerance of ±10 except that 

we didn’t observe a trend turning to hedenbergite in 

pyroxene quadrilateral reported by [1] & [2]. This di-

vergence between Raman and EMP measurements 

could be a result from that our Raman measurements 

are focused on those diverse areas (e.g., mesostasis 

regions) where Fe-rich late stage phases are abundant. 
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Figure 1 Phases identified in NWA 4734 and their Ra-

man spectra 

Though the Raman peak positions of the feldspars 

and Fe-Ti-Cr oxides cannot be used to extract quantita-

tive information regarding their chemistry, distinct 

structural types of feldspar and oxide phases can be 

identified [8-9]. Plagioclase crystals in NWA 4734 are 

anorthitic implying its lunar origin and the alkali de-

pleted nature of the Moon. K-feldspar usually emerges 
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in the mesostasis. Spinel group minerals in NWA 4734 

consist of chromite and ulvospinel, and chromite is 

often surrounded by ulvospinel. 

Shock effects.  The most obvious shock effect in 

this meteorite is that all pyroxene grains are heavily 

fractured and majority of plagioclase is transformed to 

maskelynite. Silica phase in NWA 4734 section is cris-

tobalite, which generally grows and cuts pyroxene and 

fayalite grains and seems to be dissociation products of 

Fe-rich pyroxene [10]. Raman peak of cristobalite is 

broaden due to shock while high pressure silica phases 

(stishovite, coesite and seifertite reported by [11-13]) 

haven’t been found in our study. Another high tempera-

ture silica phase tridymite is also absent. Zr-bearing 

minerals in NWA 4734 represented by baddeleyite 

raise a possibility that zircon have been transformed 

into baddeleyite and silica supported by the observa-

tions of baddeleyite-silica intergrowth. 

Conclusions: Raman measurements show that 

NWA 4734 section is composed of chemically zoned 

pyroxene, maskelynite and less abundant anorthitic 

plagioclase, intergranular ilmenite and silica, sparse 

olivine and poikilitic spinel phases as well as mesosta-

sis filled by Fe-rich pyroxene, K-feldspar, fayalite, 

phosphates, etc. 

Future Work: Preliminary point-counting meas-

urements exhibit the potentials of Raman spectroscopy 

in mineral identifications and chemical characteriza-

tions as well as examinations of polymorphisms and 

phase transitions (e.g., shock metamorphism in meteor-

ites). Our future work will be concentrated on the over-

all scanning and mapping to derive modal mineralogy 

and further searches for shock products in this meteor-

ite to evaluate its impact history. 
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Figure 2 Pyroxene chemistry determinative lines based 

on Raman peak position variations ((a) peak 2; (b) 

peak 3) plotted on the pyroxene quadrilateral (refer to 

[6]) and mineral chemistry (pyroxene and olivine) of 

NWA 4734 determined from Raman spectra 
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Figure 3 Raman spectra of a phenocrystic pyroxene 

grain from rim to core (from top to bottom) 
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