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Introduction: The existence or non-existence of 

methane on Mars is still a matter of debate [1-3]; a 

debate that NASA’s Mars Science Lander (MSL) has 

contributed to by setting a limit of around 5 ppb, alt-

hough it has not yet definitively ruled out methane at 

levels compatible with previous claims [4]. If methane 

is definitively discovered on Mars by MSL, as it pro-

gressively increases its sensitivity, or by future mis-

sions such as ESA’s ExoMars 2016 orbiter, then the 

unanswered question still remains: where would the 

methane originate from? One possible source is gas 

evolved during hypervelocity impact. Impacts are on-

going on Mars [5-8] and such impacts could possibly 

generate methane by releasing gas trapped in the un-

derlying Martian basaltic lithology. To investigate if, 

and how much, gas may be released during such im-

pacts we have taken three different types of basalt and 

fired projectiles at them in a light gas gun (LGG). The 

impact speed was close to the Martian escape velocity 

of 5 km s
-1

. Shocked and unshocked samples were then 

crushed and the evolved gases measured. 

Methodology: Three different types of basalt were 

used in these experiments: 

Sample i) An intrusive basalt from Fife, Scotland 

(relatively low in intrinsic methane). 

Sample ii) A recent Icelandic basalt from mid-

Atlantic magmatic activity. 

Sample iii) A Devonian basalt from continental vol-

canic activity in Scotland. 

Each sample was mounted in the LGG at the Universi-

ty of Kent [9] and fired into with a stainless steel pro-

jectile. Table 1 gives a summary of the shots per-

formed, and the approximate peak shock pressure, Ps, 

as calculated from the planar impact equation [10]: 
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where Vp and m are the projectile volume (m
3
) and 

mass (kg) respectively, C (4780 m s
-1

) and s (0.85) are 

the linear shock wave speed parameters for gabbro 

[11] and v is the impact velocity (m s
-1

). 

In each case several grams of pre-shot material 

were kept to compare gas concentrations within the 

material before and after the shot. After shooting, 

~0.1g samples were taken from the shocked regions 

within the impact craters and from the pre-shot materi-

al crushed and analysed separately using Pfeiffer Pris-

ma quadrupole mass spectrometers at New Mexico 

Tech. Several crushes per sample were performed to 

obtain some statistical data on the spread of the gas 

concentration within each sample. The sampling and 

analysis techniques are discussed in detail in [12 - 15].  

 
TABLE 1: Shot parameters. The projectile was a 2 mm di-

ameter stainless steel-420 sphere for samples ii) and iii) and a 

2.5 mm diameter sphere for sample i). 

 

 

 

 

 

 

 
Fig. 1: Photographs of typical shot setup with sample ‘iii)’ 

mounted in the light gas gun chamber prior to shooting (top) 

and after removal from the gun (bottom). For scale, the rock 

is approximately 100 mm long, 80 mm wide and 60 mm 

deep. 

 

Sample Shot ID v (km s
-1

) Ps (GPa) 

i) G181111#1 4.69 123 

ii) G120612#3 4.87 129 

iii) G120612#2 4.74 125 
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Results: Fig. 2) i), ii) and iii) shows the relative 

abundances (R. A.) of the gases found in the relevant 

pre-shocked and shocked samples. The vertical length 

of the bars in Fig. 2 represents the mean ± standard 

deviation of the concentration from each set of crushes. 

The mean unshocked abundance is normalised to a 

value of 1. The mean ± std. dev of the shocked sample 

data are given by the patterned right hand bar for each 

gas.  

The amount of each species was calculated by pro-

prietary software, but as crushing does not liberate all 

the entrapped gas from samples, data are reported as 

ratios rather than bulk quantities [16]. Note, that the 

concentration level of helium is very close to the detec-

tion limit of the analysis instrumentation, and therefore 

care must be taken in inferring any trend for the He 

data. There was no significant (within the experimental 

spread of data) decrease in the amount of any gas with-

in the rocks, including methane, with the exception of 

N2 in sample i) and O2 in all three of the samples. 

Conclusions: These experiments suggest that un-

der the impact conditions we can achieve with a LGG 

(~100 GPa at impact speeds of ~5 km s
-1

) that methane 

is NOT released at a level which significantly depletes 

the methane content of the basalt. This implies that any 

methane that may be confirmed on Mars is therefore 

not due to release from impacts onto basaltic bedrocks, 

although basalts are known to be methane bearing [17]. 

However, the data do show that other volatiles (here 

O2) may be released during impacts which could add to 

the atmospheric and surface chemistry. 
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Fig. 2: Relative abundance (R.A.) of gas concentrations in 

the samples before and after impact. For each gas two bars 

are shown, the left hand bar represents the pre-shocked data 

and the shocked data is the (patterned) right hand bar. Note, 

all concentrations have been normalised to the mean of the 

pre-shocked concentration. The length of the strip is the 

mean ± standard deviation. 
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