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Introduction:  The emergence of microbial life on 

Earth has been dated to near the end of the Late Heavy 
Bombardment period, 3.5 Gyr before the present [1-4]. 
Accordingly, much attention has been given to the 
effect on primitive organisms on early Earth from 
planetary impacts [5-8]. Bacteria in water-filled rock 
crevices far below the Earth’s surface would be 
shielded from the immediate physical disruption and 
high temperatures produced by large impacts. How-
ever, a shock compression wave will be produced at 
the point of impact which will travel deep into the 
Earth. The survivability of organisms to shock com-
pression events is therefore a key parameter in under-
standing the development of life on the early Earth. 
Previous experiments [9-12] have demonstrated the 
viability of shocked bacteria and spores in dry or in-
completely saturated media, and the case of static pres-
sures has also been studied [13]. In these studies or-
ganism survival is strongly dependent on the material 
strength of the host rock. To remove this effect, we 
have performed shock recovery experiments on live 
E.coli bacteria in a water-based medium to determine 
their survival rate as a function of shock pressure, and 
applied the results to pressure attenuation models to 
predict the distance necessary for bacterial survival 
from a given impact. 

Experimental Procedure:  Bacteria used in this 
experiment were Escherichia (E.)coli, chosen primar-
ily for their rapid growth rate. The strain of E.coli used 
here was genetically modified to aid in identification . 
Bacteria were cultivated in LB broth, a growth me-
dium containing tryptone and yeast extract. Bacterial 
cultures were centrifuged to remove the broth and sus-
pended in TE buffer (a Tris/EDTA mixture).  Samples 
of 2 x 107 were sealed in a 10 mm3 cavity in a stainless 
steel recovery chamber. The chamber was mounted on 
the end of a 20 mm powder gun, and a projectile was 
fired at the chamber. A 1.5 mm thickness flyer plate at 
the front of the projectile propagated a planar shock-
wave through the sample. This setup is shown in Fig-
ure 1 and follows the design of earlier shock recovery 
experiments using liquids [14]. Four shots were per-
formed, in velocity range 0.6-0.8 km s-1, which are 
summarized in Table 1. Following shooting, chambers 
were opened and recovered sample extracted. Samples 
were spread on agar  in Petri dishes and left for 16 
hours at 37°C, to allow surviving bacteria to produce 

colonies from which survival rates were determined. 
Recovered samples were also examined optically and 
with Tramsimission Electron Microscopy (TEM) to 
assess shock-induced damage to cells. 

 

 
Figure 1: Schematic of experimental setup. 

 
Table 1: Summary of experimental results. 

Shot 
# 

Projectile
 Type 

Velocity 
(km s-1)

Initial 
Pressure 
 (GPa) 

Peak  
Pressure 
 (GPa) 

Survival 
Rate 

1169 Steel 0.74 1.95 14.9 0 

1170 Lexan/ 
Foam 

0.76 0.258 2.82 0 

1172 Lexan/ 
Foam 

0.67 0.218 2.42 ~10-2 

1173 Lexan/ 
Foam 

0.63 0.200 2.19 ~10-4 

 
Results & Analysis:  Results are summarized in 

Table 1. Initial and peak pressures in the sample were 
determined using an impedance matching technique 
[15]: peak pressures were in the range 2-15 GPa. In 
Shot 1169 a stainless steel flyer plate was used, pro-
ducing a significantly greater peak pressure than in the 
others, where a lexan flyer plate backed by a foam 
layer to reduce reverberations following the initial 
shock. Shot 1172 was the only one in which liquid 
sample was recovered from the chamber: in the others, 
sample residue was resuspended in LB broth before 
extraction. In Shots 1172 and 1173 colonies were cul-
tured from the recovered samples, producing survival 
rates of ~10-2 and ~10-4 respectively. Colonies from 
Shot 1173 are shown in Figure 2 together with colo-
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nies from an unshocked control sample (diluted by 106 
relative to the shocked sample). It will be observed 
that more than 10% of the shocked colonies are sig-
nificantly (< 1/2 diameter) smaller than those from the 
control sample. This indicates that the bacteria’s ability 
to reproduce has been affected by the shock process. 
TEM images of the recovered sample from Shot 1173 
are shown in Figure 3 together with corresponding 
images for a control sample. The shocked sample im-
ages indicate dramatic changes in the bacterial struc-
ture, notably irregularities in the cell walls. These fea-
tures are consistent with shock-induced Richtmyer-
Meshkov instabilities [16]. 

 

 
Figure 2: Comparison of unshocked (l) and shocked 
(r) colonies of E.coli from Shot 1173. Note that the 
unshocked dish is diluted by 106. Shocked colonies 

show clear variation in size, indicating shock damage. 
 

  
Figure 3: TEM images of unshocked (l) and shocked 
(r) E.coli cells from Shot 1173. Shocked cell shows 

irregularities in the cell wall. 
 

Application: We use our experimental results to 
find survival distance for bacteria during planetary 
impacts. The model of [17] predicts that the relation 
for tensile failure under shock pressure P for duration t 
is given by P=a/t1/b. We find a=1.3 and b=2.7, assum-
ing that bacteria are killed if shock pressure exceeds 
cell Turgor pressure [18] over timescales of ~103 s. 
We then apply the empirical relation of [19] for pres-
sure decay versus distance from impact to find the kill 

radius for a given impactor. Table 2 shows the applica-
tion of this model using gabbro and ice impactors of 
various sizes and velocities. It will be noted that, in 
particular, 1.5 km radius impactors sterilize microbial 
life to a radius of ~200 km, while for 1,500 km impac-
tors the kill radius encompasses the planet. 

 
Table 2 Predicted Kill Radius for various impactors. 

RKILL (m) Impac-
tor  

Material 

Vel.  
(km s-1) 

RIMP = 
1.5mm  

RIMP = 
1.5m  

RIMP = 
1.5km  

RIMP= 
1,500km 

Gabbro 11 0.0192 67.4 254×103 965×106 

Gabbro 20 0.0239 74.8 257×103 877×106 

Ice 30 0.0181 52.6 167×103 537×106 

 
Conclusion: We performed shock recovery ex-

periments on live samples of E.coli bacteria suspended 
in water-based medium. We have placed constraints on 
their survivability as a function of shock pressure. We 
find evidence of physical and possibly genetic damage 
to shocked bacterial cells. Applying our results to pres-
sure decay models has allowed us to estimate kill radii 
for planetary impacts under a variety of conditions. 
We plan to extend this study to other types of bacteria, 
in cluding magnetotactics and archaeobacteria. 
(WHY?) 

References: [1] Hartmann W. K. et al. (2000) In: 
Orig. of Earth & Moon (eds. Canup & Righter), U. 
Arizona Press, 493-512. [2] Stöffler D. and Ryder G. 
(2001) Space Sci. Rev., 96, 9-54. [3] Nisbet E. G. 
(1987) In: The Young Earth: An Intr. to Archaen Ge-
ol., Allen & Unwin, Chapt. 4. [4] Mojzsis S. J. et al. 
(1996) Nature, 384, 55-59. [5] Maher K. A. and Ste-
venson D. J. (1988) Nature, 331, 612-614. [6] Sleep 
N. H. et al. (1989) Nature, 342, 139-142. [7] Grieve R. 
A. F. (1998) Geol. Soc. London Spec. Pub., 140, 105-
131. [8] Wells L. E. et al. (2003) Icarus, 162, 38-46. 
[9] Burchell M. J. et al. (2003) Orig. Life & Evol. Of 
Biosphere, 33, 53-74. [10] Burchell M. J. et al. (2004) 
MNRAS, 352, 1273-1278. [11] Mastrapa R. M. E. et al. 
(2001) EPSL, 189, 1-8. [12] Horneck G. et al. (2001) 
Icarus, 149, 285-290. [13] Sharma A. et al. (2002) 
Science, 295, 1514-1516. [14] Blank J. G. et al. (2001) 
Orig. Life. & Evol. Of Biosphere, 31, 15-51. [15] 
Zel’dovich Y. B. and Raizer Y. P. (1967) Phys. Of 
Shock Waves & H-Temp. Hydrodyn. Phen., 916pp. 
[16] Mikaelian K. O. (1990) Phys. Rev. A 42, 6, 3400-
3420. [17] Grady D. E. and Lipkin L. (1980) GRL, 7, 
255-258. [18] Cayley D. S. et al. (2000) Biophys. J., 
78, 1748-1764. [19] Ahrens T. J. and O’Keefe J. D. 
(1987) IJIE, 5, 13-32. 

Lunar and Planetary Science XXXVI (2005) 1903.pdf


