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Purpose of this study: Raman spectroscopy is a 

powerful tool for phase identification and characteriza-
tion of planetary materials (lunar samples [1], martian 
meteorites [2,3]), and we are using it on terrestrial ana-
log samples [4] in the way we would use it in planetary 
surface exploration [5]. A Raman system for flight has 
been under development since 1998 [6]. Raman spectra 
provide direct information on molecular or crystal 
structure and some information on composition. Water, 
hydroxyl, and carbonaceous species (oxidized, neutral, 
and reduced carbon) all have characteristic Raman 
spectral features. Spectral parameters provide further 
information about the local molecular structural envi-
ronments. Raman spectroscopy is thus well recognized 
as a promising technique for detecting water-bearing 
phases and the phases related to past and present life 
on planetary surfaces.  

 
Figure 1. Photograph of a thick section of MW9-6 black-and-
white banded chert with black bands made up of detrital layers 
of carbonaceous particles and lithic fragments of carbona-
ceous chert, probably endoliths, in a colorless chert matrix. 
Arrows mark where the Raman spectra were obtained. Red 
rectangles mark the areas where the grayscale measure-
ments were done. 
 

Among carbon-bearing phases, reduced carbon is 
of special interest because it might be the only remain-
ing evidence of ancient life on Mars. The harsh present 
environment on Mars (i.e., dry, low temperature, large 
temperature cycles, high level of UV light, and fre-
quent dust storms) may destroy these carbonaceous 
materials at most locations. Thus, we need to know 
how well reduced carbon can be characterized by Ra-
man spectroscopy [7], and the detection limit of car-
bon-bearing species by Raman spectroscopic methods. 

Samples and experiments: For this study we used 
carbonaceous cherts from the Onverwacht subdivision, 
Swaziland supergroup, Barberton greenstone belt, 
South Africa [8]. We used thin sections and flat, sawn 
rock slabs of the three major types of carbonaceous 

chert found there: black-and-white banded chert, mas-
sive black chert, and laminated black chert. Reported 
total organic carbon (TOC) concentrations in the cherts 
examined range from 0.1 to 1.4 wt.% [9]. A previous 
study [8] reported filamentous microfossils from some 
samples of black-and-white banded chert.  
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Figure 2. Raman spectra obtained from different spots in the 
thick section of chert MW9-6. Major peaks of carbon are 
marked by dotted lines. R is the fraction of carbon peak areas 
in total peak areas of each spectrum. * marks the peak of 
anatase. 
 

Most measurements were made on flat, sawn rock 
slabs instead of thin sections to preclude interference 
from Raman lines of epoxy resin. Black-and-white 
banded chert MW9-6 was chosen for detailed study 
because of the extremely low carbon concentration in 
its white bands. From the rock chip, a 100 µm thick 
section free of epoxy resin or superglue was made (Fig. 
1), and a series of Raman spectroscopic and optical 
microscopic measurements were made in correspond-
ing areas of it. Raman measurements were made using 
a Kaiser HoloLab-5000-532nm Raman spectrometer, 
coupled with a microscope for sampling. A 20× objec-
tive focused the laser beam onto a spot ~6 µm in di-
ameter in the focal plane. The actual Raman sampling 
volume depends on the transmittance of light through 
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the sample and on the focusing geometry. The Raman 
sampling volume is larger than 10×10×10µm in a 
quartz matrix, but it is significantly smaller in carbon-
rich areas.  

Results and Discussion: Figure 2 shows a set of 
Raman spectra taken from different areas of the thick 
section of chert MW9-6 (Fig. 1). The strong Raman 
peak (O: order) near 1595 cm-1 is from the first order 
E2g2 fundamental vibration of graphite. Another major 
peak near 1350 cm-1 (D: disorder) and a shoulder 
~1620 cm-1 are induced by structural disorder, and 
their intensities vary according to the level of structural 
distortion. Several broad and weaker peaks above 2000 
cm-1 are mostly overtones and combinations of the two 
major vibrations [10]. Most sharp peaks below 1000 
cm-1 are from fundamental vibrations of quartz (SiO2) 
matrix (marked Qtz in Fig. 2), and a few are from 
other, minor phases.  

Previous Raman studies [10-12] have established a 
correlation between Raman peak ratio and in-plane 
crystallite size La in the structure of carbonaceous ma-
terials. Some studies have related this ratio and other 
Raman parameters to the metamorphic grade of the 
rock in which the carbonaceous materials reside 
[11,12]. Spectra obtained from black-banded areas 
(~70% of the total area) of thick section MW9-6 show 
high peak-area ratios [D/(D+O)], and the ratios cover a 
narrow range (0.63 – 0.70); which suggests a low de-
gree and a single stage of metamorphism after the 
deposition of biogenic materials. Spectra obtained in 
the white areas show a low peak area ratio and a larger 
range (0.23 to 0.54), but their precision is poorer ow-
ing to the lower S/N. 

Spectra from visually carbon-free areas of the 
thick section of MW9_6 (Fig. 1) (50s integration time) 
show weak but identifiable Raman peaks of reduced 
carbon (Fig. 2f). The concentration of carbon within 
this white quartz matrix is near the sensitivity limit of 
the Raman measurement. This concentration was esti-
mated in two ways, 1) The summed area of dark pixels 
in the 100 µm thick section was determined from sev-
eral images to be ~0.36% to 0.7% from ~200×200 µm 
areas. Assuming densities of 2.25 for graphite and 2.64 
for quartz, and an average diameter of ~2 µm for the 
carbonaceous particles, the concentration of carbon in 
the white part of the rock is ~60 ± 20 ppm. 2) The re-
ported Total Organic Carbon (TOC) is 0.177 wt% for 
the whole rock MW9-6 [8]. We assume an equal con-
centration of inorganic carbon in this rock, as that pre-
sent in two similar black-and-white banded rock sam-
ples [9]. Measurements of average absorption for the 
white and dark portions of our sample, done as a gray-
scale average over portions of an image, gave 0.4% 
and 66.6%. Considering that nearly all of carbon 

(~0.35 wt%) in this rock is concentrated into the dark 
area of the rock, the concentration of carbon in the 
white portion is ~30 ± 10 ppm. These two estimates, 
though crude, are self-consistent and indicate that, in 
this white matrix of quartz, the Raman detection sensi-
tivity for graphite is about 50 ppm or lower. Longer 
integration times would lower it. In a darker matrix, the 
sensitivity would be poorer.  

Figure 3. Correlation between Raman-derived carbon frac-
tions and the results of grayscale measurements.  
 

Figure 2 shows that Raman spectra from optically 
darker areas yield higher peak intensities of reduced 
carbon than spectra from optically light areas. Figure 3 
shows that, above a few percent carbon, the fraction 
[counts from graphite/(counts from graphite plus 
counts from quartz)] correlates roughly with transmit-
tance as estimated by a simple gray-scale analysis. The 
latter measurements were done in the areas marked in 
red rectangles in Figure 1, which are vastly larger than 
the Raman sampling areas. Some scattering of points is 
thus to be expected.  
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