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Introduction
A variety of imaging techniques are 
available for the characterization of 
lunar samples. 

Molecular maps (Figs. 1B and 2C)

Elemental maps (Figs. 1C and 2D)

-Useful for distinguishing between
 polymorphs (e.g., quartz  and
 cristobalite [1])  

-Generated using (LRS) laser 
 Raman spectroscopy

-Generated using electron
 microprobe 
LRS imaging requires less sample 
preparation than X-ray mapping

Methods
We characterized Apollo 12 granitic breccia 
12001,909-14 [1,3]

BSE (backscattered electron) images

-Raman data cube collected in StreamlineTM mode

-More details on LRS imaging methods can be found 
 in [4]

X-ray imaging (WDS and EDS)

LRS imaging

JEOL 8200
electron probe

-1 µm probe diameter
-15 kV accelerating voltage
-50 nA current
-8 ms dwell time

-Stimulated by 532-nm line of a diode pumped solid 
 state laser

Renishaw inVia® 
Raman System

Condenses laser beam into elliptical spot of 
1 µm × 30 µm

-50× long-working distance objective (NA=0.5)
Irradiates sample
Collects backscattered Raman photons from sample

Used 1.3 µm step size

Motivation

-Silica polymorphs are distinguishable by peak position in LRS

Secondary Motivation

Primary Motivation 
Determine the silica polymorph(s) present in sample 12001,909-14. 

-Feldspar polymorphs can also be determined by LRS

A more detailed Raman analysis is required relative to the identification of an SiO2polymorph 

K-feldspar Raman peak positions do not change between polymorphs
Instead, peak widths become wider with increasing Si-Al disorder [2] 

Compare information content of LRS imaging and X-ray imaging
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Fig. 1. Images of a 
zoned clinopyroxene 
grain in granitic matrix of 
12001,909-14 [3]. Core 
composition is En10Wo41Fs49; 
rim has composition of 
En34Wo39Fs27. 1A: 
Backscattered electron (BSE) 
image. Zoning evidenced by 
brighter core and darker rim. 
1B: Raman image in which 
white, yellow, and green = 
pyroxene; white-yellow  
 = hedenbergite; green-gray 
= areas most like diopside. 
Red = K-feldspar. 
Blue = quartz. 
Magenta = orthopyroxene  
(low-Ca pyroxene in 1C). 
Black = holes or fractures. 
Example spectra at immediate 
left. 1C: X-ray map of Ca, 
Mg, and Fe in 12001,909-14 
as RGB image. Teal = 
orthopyroxene (reaction 
product of fayalite with 
surrounding quartz and 
magnesian lithology). 
Orthopyroxene occurs with 
quartz and K-feldspar in an 

Fig. 2A: Reflected light 
image of the same area 
as LRS image cube 
(yellow outline in Figs. 
2B and 2D. The 532-nm, 
green elliptic laser spot 
in StreamlineTM mode is 
visible. Bright specks are 
carbon trapped in 
fractures. 2B: BSE 
image of granophyre in 
12001,909-14. Yellow 
rectangle (also in 
“X-ray”) is area of the 
2A and 2C. 2C: LRS image of highlighted area in 2B and 2D. 
Red = K-feldspar. Blue =quartz. Black = holes or fractures. 
Example spectra at immediate right. 2D: X-ray maps of K, Al, 
and Si in 12001,909-14 as an RGB image; blue = quartz, 
pink = K-feldspar, teal = plagioclase.   
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Summary
12001,909-14 is a breccia composed of  

-Granophyric intergrowths of K-feldspar and quartz.

Clasts of granite

Granitic matrix (e.g., Fig. 2)
Mineral fragments (e.g., Fig. 1)
Clasts of basalt

En10Wo41Fs49 En34Wo39Fs27

Zoned pyroxene grain (Fig. 1)
Hedenbergite core
Augite rim (En34Wo39Fs27)
Grain formed in granite and then equilibrated with relatively 
magnesian basaltic clasts upon incorporation into breccia [3].

LRS imaging vs. X-ray mapping 

LRS imaging requires significantly less sample preparation

-X-ray mapping reveals differences in elemental
 concentrations (can be quantitative [5])
-LRS imaging can distinguish between polymorphs
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inclusion that crystallized from late-stage melt. Inclusions of 
fayalite+K-feldspar+quartz also occur in hedenbergite in lunar granite 
12032,366-19 [3]. Blue =ilmenite. Teardrop-shaped inclusion is K+Si 
glass surrounding Ca-phosphate (red speck). 1D: Ternary plot of 
analyses of zoned pyroxene in 1A, 1B, and 1C (compositional 
variation from core to rim).

BSE (backscattered electron) images

LRS imaging

-SiO2 polymorph identity is indicative of temperature and/or depth of crystallization.
Important for understanding petrogenesis of lunar granite
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-X-ray mapping data is collected from top ~1 μm of sample
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Fig. 3: LRS of quartz, 
tridymite, and cristobalite from 
the RRUFF database (rruff.info). 
Peak positions of each 
spectrum are different allowing 
for determination of which 
SiO2 polymorph is sampled.

Scan this QR code for 
our companion abstract 
on silica polymorphs in 
lunar granite (#2660). 
We interpret the 
conditions of 
crystallization for lunar 
granite by studying the 
LRS and textures of 
silica phases.
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Resolution in plane of sample surface
-Similar results (e.g., Fig.1)

Resolution in Z-dimension

-LRS data collection depth varies with target characteristics
Highly dependent on sample transparency
Dependent on grain boundaries (scattering)


