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X-ray diffraction is the pre-eminent technique for 

mineral identification and structure determination 
[1,2], but is difficult to apply to grains in thin section, 
the standard meteorite preparation. Bright focused X-
ray beams from synchrotrons have been used exten-
sively in mineralogy [3,4] and have been applied to 
extraterrestrial particles [5]. The intensity and small 
spot size achievable in synchrotron X-ray beams 
makes them useful for study of materials in thin sec-
tions [6]. Here, we describe synchrotron X-ray diffrac-
tion (SXRD) in thin section as done at the National 
Synchrotron Light Source, and cite examples of its 
value for studies of meteorites in thin section.  

Samples and Methods:  The Serra de Magé mete-
orite is a eucrite (basalt); two thin sections of it contain 
a thin veinlet of a silica mineral [7]. The nakhlite me-
teorites are augite-rich basaltic rocks from Mars. They 
contain pre-terrestrial, Martian, clay-rich alterations 
material, iddingsite, which we examined in thin sec-
tions of Lafaytte [8] and Y000749 [9,10].  

Synchrotron X-ray micro-diffraction (SXRD) 
analyses were obtained with the hard X-ray micro-
probe, X26A, National Synchrotron Light Source, 
Brookhaven National Laboratory [11]. Synchrotron X-
ray emissions from the X26A bending magnet are first 
collimated to 350 µm x 350 µm, monochromated 
(here, to 0.72084Å to coincide with MoKα X-rays), 
and focused to 10-µm diameter with Rh coated Kirck-
patrick-Baez mirrors (X-ray flux declines between 
electron injections into the NSLS X-ring).  The thin 
section is held at a fixed orientation, tilted 45° to the 
X-ray beam axis, so the beam impinges onto the thin 
section in an ellipse of ~ 10 x 15 µm. Diffracted X-
rays pass through the sample (i.e. transmission mode) 
to the detector, a Bruker SMART 1500 CCD camera 

with a 4:1 fiber optic taper, in high-resolution mode at 
1024x1024 pixels (96 µm pixel size). The camera was 
located so the X-ray beam center (undiffracted X-rays) 
was just off of the CCD array; camera-sample distance 
is adjustable. A diffraction pattern of powdered corun-
dum (α-Al2O3, NIST SRM 674a) dispersed on Mylar 
was modeled with FIT2D [12] for best fit values of 
camera-sample distance, camera tilt and rotation, and 
location of beam center on the camera plane. Diffrac-
tion images for unknowns were calibrated with these 
parameters using FIT2D, and then integrated in annuli 
around the beam center to yield plots of diffracted 
intensity vs. d-spacing.  

In SXRD analysis, samples are not subjected to 
high vacuum, nor to heat. We observed no changes in 
samples, glass, or mounting adhesives (epoxy).  

Results:  SXRD analyses of materials in thin sec-
tion show strong diffuse scattering from the thin-
section glass around the undiffracted beam. Diffrac-
tions from the thin section material are superimposed 
on this diffuse background. If the sample volume illu-
minated by the incident beam consists of many small 
crystals, SXRD images show circles of diffractions (a 
Debye-Scherrer pattern; Fig. 1).  Most single crystals 
are not at a diffracting orientation and show only dif-
fuse scattering. Single crystals at diffracting conditions 
show portions of reciprocal lattice nets – lines or grids 
of diffracted beams. 

Glass. Figure 2 shows SXRD results for thin sec-
tion glasses. Fused silica glass shows a narrow diffrac-
tion maximum at ~4.3 Å, and an inflection at ~8.6 Å. 
Borosilicate glass shows a broader maximum at 3.86 Å 
with shoulders at ~3.7 and ~3.4 Å. Spectra like these 
form the background on which are superposed diffrac-
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Figure 1. SXRD image and integrated intensity scan of an 
area in the quartz veinlet in the Serra de Magé eucrite [7]. 
Diffuse scattering (glass) background subtracted. Peaks are 
indexed for α-quartz. 
 

Figure 2. SXRD intensity scans for thin section glasses, 
relative to maximum intensity in a scan.  
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tions from the section materials. 
Meteorite Materials. SXRD of material in thin sec-

tion was first reported, to determine the mineralogy of 
fine-grained symplectite the Martian meteorite Los 
Angeles [13]. {An environmental application was re-
ported nearly simultaneously [6].} 

SXRD was crucial in interpreting a silica veinlet in 
the Serra de Magé cumulate eucrite meteorite, inferred 
to be from the asteroid 4 Vesta [7]. Optical and elec-
tron microprobe chemical analyses showed that the 
veinlet was of silica, SiO2. Silica occurs in several dif-
ferent crystal structures, which can form in different 
environments. Tridymite-bearing veins in other 
eucrites are late magmatic [14], while quartz veins 
typically form from hydrothermal water. The Serra de 
Magé veinlets are quartz [7]. 

The nakhlite Martian meteorites contain veinlets 
and patches of “iddingsite,” fine-grained smectite rich 
material that formed on Mars [8,15,16]. The mineral-
ogy of this “iddingsite” is important for understanding 
groundwater on Mars. Smectite in the nakhlite Lafay-
ette forms grains to ~100 µm across, few of which are 
oriented for diffraction from the basal {001} lattice 
planes (Fig. 3). Grains in that diffraction orientation 
show a broad peak centered at ~14 Å (Fig. 3) consis-
tent with smectite with significant layer disorder 
and/or interlayer substituents [17]. Iddingsite in 
Y000749 [9,10] is nearly amorphous to X-rays (Fig. 
4). Rusty-colored areas of the iddingsite show a weak 
broad diffraction centered at ~14 Å, characteristic (as 
above) with disordered smectite. Red areas in the id-
dingsite show nearly no ~14 Å diffraction, but shows a 
strong peak at 2.56 Å, suggesting an iron oxy-
hydroxide (e.g., lepidocrocite or feroxyhyte).  
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Figure 4. SXRD intensity scans for iddingsite in Y000749 
[9,10], divided by intensity of thin section glass. Peak at 
~14Å represents layer-disordered smectite, absent in area 
038. Its strong peak at 2.56 Å may represent an Fe oxy-

 
Figure 3. Background-subtracted SXRD scans for adjacent 
smectite grains in the Lafayette nakhlite [8]. Peak at ~3 Å is 
an artifact of background subtraction. The only obvious dif-
ference between the grains is their orientation, with laf085 
closer to the {001} diffracting condition. The position and 
breadth of the diffraction maximum is consistent with a layer-
disordered smectite.
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