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SO4
2- + 9H+ + 8e- → HS- + 4H2O

Cu + HS- → CuS + H+



Natural analogue samplesShort-term microcosms

✓ Clay/rock 

analogues 

have existed 

for millennia

x Challenging to find 

analogues that 

mimic all 

conditions of a 

DGR

✓ Can test 

specific 

conditions

x Challenging to 

make long-term 

predictions based 

on short-term 

experiments
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Takagi, 2005

1) The Tsukinuno bentonite deposit, Japan



Bleyen et al., 2017

2) The Opalinus clay formation, Switzerland



3) Rock from Ignace, Ontario (Canada)



Ignace, Ontario

South Bruce, Ontario

3) Rock from Ignace, Ontario (Canada)



Sample Appearance Description Sampling 

site

Target Average DNA 

yield per gram 

of clay (ng)

1 Rock Hand specimen taken from the bentonite exposed at the tunnel 

wall within bentonite bed #19. Sample location 26-27cm up from 

the lower bentonite-shale contact.

Site 1 Bed 19 BDL

2 Soft Sample taken from a very wet tunnel wall S side of the tunnel, 

pH around 6-7.

Site 1 Bed 17 104

3 Stones Samples taken from tunnel wall, very dry bentonite. No drilling 

at this site.

Site 2 Bed 2 BDL

4 Soft Samples taken from cleaned tunnel wall (15 cm from original 

surface).

Site 1 Bed 20 44

5 Rock and soft Yellow bentonite, at lower contact of bed #19. Site 1 Bed 19 BDL

6 Rock and soft Gray bentonite, 20 cm from lower contact. Site 1 Bed 19 BDL

7 Rock and soft Brownish bentonite, 50 cm from lower contact. Site 1 Bed 19 BDL

8 Soft with some 

rocks

Orange bentonite, 65 cm from lower contact. Site 1 Bed 19 16

9 Rock and soft Yellow bentonite, upper contact of bed #19. Site 1 Bed 19 8

10 Rock Massive dry bentonite from upper contact of bed #29. Site 3 Bed 29 BDL

*Values of BDL indicate DNA concentrations below the detection limit of the Qubit fluorometer with 10 L of sample input. 

Tsukinuno bentonite samples
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Opalinus clay and Ignace rock samples



Outer layer of the samples was removed, and inner layer was crushed



Bentonite



Incubations were set up for Tsukinuno bentonite samples



SRB cultures Heterotroph cultures





Bentonite



Genomes of a 

community of bacteria

16S rRNA gene 

amplification (PCR)
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Taxonomic 

identification

16S rRNA gene analysis 

16S rRNA 

gene

















Bubble plot of Opalinus clay samples



Bubble plot of 

Ignace rock 

samples



• The Decontam R 

package was used to 

identify contaminant 

sequences from all 

amplicon sequencing 

data generated from 

low biomass clay and 

rock samples.

Working with low biomass samples

• Replicates are critical to ensure microbial profiles are representative of the clay 

and not spurious and contaminant-dominated.



Remaining questions

• Would the results differ if samples were taken from anoxic locations?

• Do the microbial profiles represent viable microorganisms or relic DNA?
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DNA 

extraction &

amplification

PMA



DNA

amplification

DNA 

extraction &

amplification

Propidium monoazide prevents the amplification of DNA that is not 
protected by an intact cell membrane 

PMA

DNA

extraction



• C → T and G → A substitutions 
occur at an increased frequency 
in ancient DNA.

• The distribution of C → T and G 
→ A substitutions is not equal 
across a DNA molecule.

• Other types of substitutions are 
more rare and are equally 
distributed across a DNA 
molecule.





Remaining questions

• Would the results differ if samples were taken from anoxic locations?

• Do the microbial profiles represent viable microorganisms or relic DNA?
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