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Raman imaging: A Raman imaging system pro-

vides molecular maps, similar to the element map pro-

vided by an electron microprobe or scanning electron 

microscope. It collects a spectral image cube from a 

sample, then generates a map of minerals, molecular 

species (H2O/OH) and chemical bonds (e.g., C-H, N-H, 

C-O, etc). These images can show spatial distribution, 

abundance, chemical zoning, and shock induced me-

chanical stress of a phase, based on its Raman peak 

position, peak intensity, peak shift, and peak width.  

The spatial correlations of various phases reveal evi-

dence of past physical, chemical, and biological 

processes, as well as genetic relationships of the dif-

ferent phases [1].  

Various methodologies exist to accomplish Raman 

imaging. AOTF (Acoustic Optical Tunable Filter) 

technology was used in the early 2000s, but was not 

particularly successful for geological samples. Metho-

dologies that have been developed recently include:  

(1) using a high accuracy moving microscopic stage to 

position sequentially the spots from a selected area of a 

sample under the laser beam; (2) using a galvonometric 

motor to scan the laser beam onto the spots of  a small 

area of a sample, then to combine the X-Y motion of a 

microscopic stage to enlarge the imaged area; (3) using 

a defocused laser beam with an elongated spot, then 

combining a one-D motion of a microscopic stage to 

make 2D image and to reduce the time duration of the 

measurement; (4) a combination of laser optics, high 

accuracy stage motion and CCD readout electronics for 

fast Raman imaging of large area.   

A Raman imager with multiple laser lines:  In 

the fall of 2011, we built a new Raman imaging labora-

tory and installed an inVia® Raman System (Renishaw 

Company). The system consists of  a spectrometer ca-

pable of collecting Raman spectra excited by five exci-

tation laser lines. It is also an imager that can use me-

thodologies (1), (3), and (4) described above to make 

high quality Raman images.  It uses a high accuracy 

microscopic stage with a step size of 100 nm, which, in 

combination with a laser beam diameter at diffraction 

limit (< 1 µm), can generate a Raman image with  spa-

tial resolution of ~ 250-300 nm in the X-Y plane and ~ 

500 nm in the Z direction. When using methodology 

(4), the Raman image from a large area can be obtained 

in less than 10 minutes (Streamline
TM 

mode). In addi-

tion, the system has a function for making direct global 

Raman imaging using angle-adjusting-filters (instead of 

AOTF).   

No special need for surface preparation of the ana-

lyzed sample. Soild samples such as thin section, sawn 

slice of rock chip, mineral powder or soils, liquid sam-

ples in capillary, glass bottle or petri dish can all be 

analyzed.  

Laser Raman spectroscopy (LRS) observes the 

spectral shifts (Raman shift ) from an excitation 

wavelength (0) caused by the molecular vibrations of 

chemical bonds in a sample. Thus LRS can work in IR, 

VIS, UV, and even X-ray spectral ranges. A Raman 

system with multiple excitation laser wavelengths is 

able to study a wide variety of materials. Raman cross 

sections of materials change with excitation wave-

lengths. Some laser wavelengths enhance Raman sig-

nals by inducing Raman resonance effects. Some laser 

wavelengths help to avoid the interference of fluores-

cence generated by specific species in the samples. Our 

new Raman imaging system has five laser wavelengths: 

785 nm line of a diode laser, 632.8 nm line of a He-Ne 

laser, 532nm line of a diode pumped solid state laser, 

442 nm line and 325 nm line of a He-Cd laser.  

Up to now, the green laser excitation (e.g., 532 

nm) has been demonstrated to be the most efficient one 

for the characterization of general mineralogy and 

biomarker such as carotenoids [2, 3], whereas UV 

(<400 nm) and IR (785 nm) laser excitations have been 

suggested to have advantages for the detection of 

DNA, RNA, and proteins [4, 5]. The new laboratory 

Raman imaging system with multiple excitation wave-

lengths provides the flexibility to study unknown sam-

ples, especially those returned from planetary missions 

in the past and  in the future.  

Raman imaging of extraterrestrial materials:  

Five types of extraterrestrial materials were selected for 

a preliminary Raman imaging investigation: Apollo 

lunar sample, lunar meteorites, Martian meteorites, 

achondrites, and carbonaceous chondrites.  

Figure 1 shows Raman spectra and Raman images 

that we obtained from Apollo sample 14161-7062, a 

thin section of a KREEP-rich impact-melt rock [6]. 

Two areas were studied. Area A is a mesostasis region 

adjacent to plagioclase and clino-pyroxene grains (A1). 

Six sets of imaging measurements were taken, using a 

532 nm laser line. In a specific mesostasis region (A4 

& A5), baddeleyite [ZrO2] was found co-existing with 

ilmenite [FeTiO3] along with RE-merrillite 

[REE2Ca16(Mg,Fe
2+

)2(PO4)14]. The strong peaks in 

400-1000 cm
-1

 spectral range are actually REE fluores-

cent peaks caused by the high REE contents in badde-

leyite. As shown in A3 spectral panel, the Raman spec-
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tra from ordinary lunar minerals are much weaker than 

baddeleyite, which creates a challenge for making the 

phase distribution map in this region. From a Raman 

imaging scan of a larger area (A2), baddeleyite, ilme-

nite and RE-merrillite were found again near a pyrox-

ene grain (low-left corner of A2).  

B1 in Figure 1 shows the abundance map of carbon 

in a matrix area B of the same thin section (using 442 

nm laser line). These amorphous carbon molecules 

(Raman spectrum in B2) entered the fractures in min-

eral grains during the C-coating process for EMP anal-

ysis, and remained there after removal the surface C-

coat by polishing prior to Raman analysis.  

Figure 2 shows the Raman spectra and Raman im-

ages that we obtained from a sawn face of lunar mete-

orite Dhofar 1672 [7].  Terrestrial calcite fills the frac-

tures in this rock. The dark spots in A2 of Figure 1 or 

unfilled space in the lowest image of Figure 2  have 

either low spectral S/N or multiphases spectrum with 

generally low S/N for each phase. We chose to not fill 

these spots for the purpose of making less “busy” im-

ages.  
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