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Introduction: The European Space Agency’s 

(ESA) ExoMars Rover mission, to be launched in 

2020, plans to investigate the Martian surface and 

sub-surface for indications of life (biomarkers).  One 

instrument on the rover will be the Raman Laser 

Spectrometer (RLS), which is a 532 nm (green) laser 

Raman spectrometer [1]. The University of Kent’s 

Raman Spectrometer is fitted with a 532 nm laser, 

making it a suitable facility to investigate potential 

science to come from this instrument.  

The Raman spectra of carbon is often identified 

by the presence of the D (at ~1345 cm
-1

) and G (at 

~1575 cm
-1

) bands (Fig. 1). Shock effects on spectral 

peaks have been shown to occur for different 

minerals [2, 3], e.g. for the mineral olivine impacting 

on aluminum foils and aerogel [4, 5, 6]. Work 

involving static pressure and temperature effects on 

the Raman spectra of carbon have also been 

conducted [7, 8]. However, the shock pressure and 

temperature effects on carbon bearing rocks is not 

well understood. Seeing as carbon is a highly 

important and abundant element for indications of 

life it is time that this is investigated. 

 

 
 

 

 

Accordingly, here we report on the shock pressure 

and temperature effects on the carbon bearing rocks 

basalt, shale and graphite.   

Method: The basalt, shale and graphite samples 

were filed into 1.5 mm cubes. A small area on the 

face of each projectile was then mapped using the 

Univ. of Kent’s 532 nm laser Raman spectrometer. 

Next, using the Univ. of Kent two stage light gas gun 

[9] each projectile was fired into bags of water [10]. 

The water was filtered after the impact to extract the 

projectile fragments [10]. The impacts studied were 

at speeds between 0.96 and 4.96 km s
-1

 for basalt, 

0.95 to 6.13 km s
-1

 for shale and for graphite 0.86 and 

4.00 km s
-1

. The spectra of 40 projectile fragments 

per shot were obtained and compared to the initial 

projectile spectra. 

We use the Planar Impact Approximation (PIA) 

[11] to determine the peak shock pressure for the shot 

speeds. The PIA requires a linear shock wave speed 

relation of the form of U = C + Su, where values for 

C and S for both the projectile and target are 

required. For the shot speeds presented the peak 

shock pressures are between 2.3 to 23.3 GPa for 

basalt and 2.1 to 30.9 GPa for shale. 

The effects of temperature on the D and G carbon 

Raman bands was investigated using a Linkam 

Temperature Controlled microscope stage. For basalt, 

shale and graphite the samples were heated from 303 

K up to 773 K in steps of ten degrees. They were held 

for one hour at each temperature to ensure the sample 

was uniformly heated. In addition, shale and graphite 

have been cooled from 303 K down to 173 K using 

liquid nitrogen. 

Results: In Fig. 2, we show a plot of the D and G 

band peak positions and their changes with 

temperature. Overall, it suggests that with increasing 

temperature both the D and G band peak positions 

shift to lower wavenumbers for shale and graphite, 

agreeing with carbon bands in the literature [12]. This 

shift of the band positions signals a weakening of 

these modes. Similarly, at colder temperatures the 

peaks are shifted to higher wavenumbers, possibly 

suggesting that there is a strengthening of these 

modes. The increasing degree of scatter of D band 

peak positions past approximately 550 K is due to the 

reduction in intensity of the band’s signal as a result 

of the heating process. Furthermore, there appears to 

be considerable differences between the G bands 

peak positions for the three materials, whereas, for 

the D band both shale and graphite appear similar.  

In Fig. 3, we show a comparison of the average G 

band width to the average G band peak position 

before and after shooting for basalt and shale. 

Traditionally, this is taken as indicating the thermal 

maturity of a sample. Thermal maturity refers to the 

extent to heat-driven reactions that alter the 

composition of organic matter, for example, the 

Fig. 1. Example Raman spectra for graphite used in this 
work. This spectra has had its background fluorescence 

removed. 
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conversion of organic matter in sedimentary rocks to 

petroleum. 

  

 

        Comparing basalt and shale they appear to 

behave differently post shock. The basalt shows a 

significant thermal maturity increase.  By contrast, 

the shale appears to have a decreased G band width 

post-shock with no commensurate change in the 

overall position.   

 

 
 

 

 

 

       

 

Furthermore, Fig. 2 and 3 seem to suggest that the 

effects of heating and the effects of shock pressure on 

the carbon G band oppose each other with regard to 

the band position. Further work shall be conducted in 

order to determine the full effects of heating and 

shock pressure with the addition of comparing static 

pressure in order to further understand these effects.  

Conclusions: We have conducted a detailed 

investigation into the effect of shock pressure and 

temperature on the D and G band of carbon in Raman 

spectroscopy. The shock pressure ranges for basalt 

and shale were 2.3 to 23.3 GPa and 2.1 to 30.9 GPa 

respectively and the temperature ranges were from 

173 to 773 K for shale and graphite and from 303 to 

773 K for basalt. Temperature alters the D and G 

band peak positions of carbon in rocks by shifting it 

to lower wavenumbers at higher temperatures (>303 

K) and to higher wavenumbers at lower temperatures 

(<303 K). This appears to be the opposite for shock 

pressure where G band peak positions are mostly 

shifted to higher wavenumbers. Furthermore, shock 

pressure appears to decrease the width of the carbon 

G band.  

This work suggests that when analyzing carbon in 

Raman spectra it is important to consider the shock 

and temperature history of the sample. This is 

because both the D and G band are significantly 

affected by these factors. 
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Fig. 2. Carbon D and G band peak position against 

temperature for shale, graphite and basalt. 
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Fig. 3. Plot of the average G band width vs. the average G 

band peak position for each shot. This relation indicates the 

thermal maturity of a sample. In this case the two samples are 
basalt (a) and shale (b). Blue circles are for the projectile 

before shooting and the red for the fragments. 

a 

b 

1405.pdfLunar and Planetary Science XLVIII (2017)


