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The issue of contamination often 
limits the interpretation of observa-
tions in deep subsurface microbiol-
ogy because allochthonous micro-
organisms can be introduced during 
the drilling and sampling processes. 
This concern is magnified in extreme 
environments, such as the Opalinus 
Clay Formation (Fig. 1), where the 
abundance of microorganisms is con-
sidered to be extremely low relative 
to the potential for contamination. 
We conducted contamination tests 
using fluorescent 0.4 µm micro-
spheres (Polyscience, Inc), the same 
approximate size as microorganisms, 
as particulate tracers to assess the 
contamination risk during the drilling 
and sampling of the Opalinus Clay in 
the Mont Terri Rock Laboratory.

The goal of the first contamination 
test conducted during air-drilling was 
to establish adequate procedures to 
deliver the fluorescent microspheres 

tracers, to adapt the existing proce-
dures for detection of these tracers in 
cored rocks, and to quantify the extend 
of contamination. The effective deliv-
ery of the fluorescent microspheres 
was assessed by sampling the core 
surface and, in particular, the recom-
pacted claystone powder, which was 
present around the core. Fluorescent 
microspheres were found throughout 
all triplicate samples in concentra-
tions of 3.5 107 ± 1.0 particles.cm-3. 
This demonstrates that microspheres 
were effectively dispersed on the 
first 10 cm of the core surface. Nev-
ertheless, there is a large discrepancy 
between the number of microspheres 
injected (3.55 1012 particles) and the 
number of recovered microspheres. 
Despite this problem, we reached 
our objective to simulate the bacterial 
contamination that might occur dur-
ing the drilling. Microspheres were 
not found in the interior of the core 

indicating that no particles penetrated 
deeper than 1 mm. This contamina-
tion test demonstrates that the risk of 
contamination during drilling is strict-
ly limited to the first mm of the core, 
which can be linked to the borehole 
disturbed zone with microfractures 
and higher porosities. However, the 
microspheres of similar size as the 
microorganisms did not penetrate the 
inner part of the core during drilling.

The goal of the second contamina-
tion test was to establish the efficien-
cy of our decontamination procedure 
during the core opening and sampling 
procedures. Potential contamination 
could come from organisms present 
in the air and on the sampling ap-
paratus. To simulate the contamina-
tion, a solution of 109 particles.ml-1 
was spread on the core and on the 
apparatus to simulate contamination. 
Microspheres were not found within 
the ten screened samples. Based on 
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Figure 1 Simplified geological cross-section through the Mont Terri anticline along the motorway tunnel. Air- and 
nitrogen-drilling were conducted within the Niche HE of the Mont Terri Rock Laboratory corresponding to the shaly 
facies of the Opalinus Clay (Thury and Bossart, 1999).
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the dilution rate and the number of 
observed fields, the detection limit 
is about 103 particles.cm-3, i.e. 1,000 
times less than the number of particles 
spread on the core surface. This result 
indicates that the microspheres on the 
core surface or potentially present on 
the apparatus before cleaning did not 
penetrate within the sampled clay-
stone.

To test the contamination risk 
due to the drilling method, the same 
Opalinus Clay Formation was 1) air-

drilled using no aseptic caution and 2) 
nitrogen-drilled with previous decon-
tamination of the material. Chemical 
analysis of signature biomarkers 
extracted directly from subsurface 
rock samples were used to assess 
differences between the two drilling 
procedures. The phospholipid fatty 
acid composition of the two samples 
was similar indicating that the abun-
dance and the diversity of microbial 
assemblages did not significantly dif-
fer according to the drilling method. 

This result confirms the absence of 
microbial contamination during the 
drilling of the Opalinus Clay. 
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