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Overview 

• Microorganisms  & Deep Biosphere introduction 
• Research questions 
• Sampling on-site: prerequisites, lab setup, procedures 
• Case Studies, Pilot Studies on future drill sites 



Microorganisms - history 

• idea of invisibly small living organisms found in many cultures, 
reaching back to 5th century BC 

• 1673, Antoni van Leeuwenhoek: 
Discovery and scientific description of  
MOs using self built microscopes 

Van Leeuwenhooek´s microscope, 
drawing by Henry Baker, 1756 

Portrait by Jan Verkolje 



Microorganisms - history 

• late 19th century, Sergei Winogradsky: discovery 
of MOs using anorganics to gain energy  
(chemolitotrophy) and thus playing a major 
role in (bio)geochemical processes 
 

• 1990, Woese et al.: taxonomy 
based on genome sequences, 
3 domains of life 
 

Portrait, unknown painter 

Photo by Don 
Hamerman, 2004 

Woese et al., PNAS, 1990 



Microorganisms - numbers 

• Abundance: ca. 5 * 1030 total on earth 
    up to 1010 in 1 ccm soil 
   ca. 106 in 1 ccm sea water 
   ca. 100 – 10.000 on 1 cm2 human skin 

• Diversity:   estimates up to 1012 species 
   wide majority yet undiscovered 

• Size:  ca. 0.25 µm to 0.75 mm 
• Genome size: up to 107 base pairs 

 



Microorganisms – examples of use 

• Pharmacy: production of 
antibiotics, insulin, … 
 

• Wastewater treatment: removal of organics, 
nitrification of ammonia 
 

• Enzyme production for 
laundry detergents 
 

• Food and beverage production, 
bread, wine, beer 

 



Deep Biosphere 

• deep biosphere – term established 
by Parkes et al. 1994, for marine 
habitats reaching ca. 500 m depth 
 

• Today, also used for soil and hard 
rock habitats 
 

• Depth limit: >3.000 m (terrestrial) 
                  >2.500 m (marine) 

 
 

Parkes et al. , nature, 1994 



Deep Biosphere 

• Deep biosphere diversity: from 
domains bacteria, archaea and 
eukarya 
 

• Often extremophile organisms 
 

• Huge habitat containing up to 10 % 
of total biomass on earth, but… 
 

• Within individual samples, often 
very low cell abundances and 
turnover rates 
 
 



Research questions 

• What is the abundance of microorganisms in the samples ? 

Kallmeyer et al., PNAS, 2012 

- up to 1010 cells per ccm 
- decreasing with depth 
- limit of detection issues 

depending on resources 



Research questions 

• Which biogeochemical processes happen, how do they affect the 
habitat´s environmental conditions ? 
 

Jørgensen, Kasten, book „Marine Geochemistry“, 2006 

- available electron 
acceptors determine 
processes 

- effects on porewater 
chemistry 

- microbial community 
shifts  



Research questions 

• What are the turnover rates of these processes ? 

model derived depth profiles 
Burdige et al. Journal of Marine research, 2016 

- experimental determination 
with radiolabeled substrates 

- limitations to simulate in-situ 
conditions 
 
 



Research questions 

• Which species form the microbial community of a sample, and 
how is this linked to environmental parameters ? 
 
 

archaeal community composition along 
the depth of  siberian subsea permafrost core 
Winkel et al., Nature Scientific Reports, 2018 

- data obtained by extraction, amplification 
and sequencing of RNA and DNA 

- multivariate statistical analysis 
- „big picture“ not fully revealed, trends for 

some parameters known 



Deep Biosphere research in the ICDP 

 

- no on-site Deep Biosphere sampling 
- some research done on retrieved cores later on 
- on-site Deep Biosphere sampling 



Deep Biosphere research in the ICDP 

8 – Mallik (2002)       23 – Lake El´gygytgyn (2008) 
19 – Chesapeake Bay (2005)      20 – Lake Chalco (2016) 
22 – Lake Potrok Aike (2008)      25 – Lake Van (2010) 
26 – Dead Sea (2010)    31 -  Are-Jarpen (2014)    34 – Lake Towuti (2015) 



drilling for microbiological samples: 
operational requirements… 

• need to be discussed during project planning / workshops ! 
• are important to obtain samples of the required quality. 

 
• examples:  

- choice of tools, materials, methods with respect to possible 
  sample contaminations 
- contamination control tracer addition to drilling fluids 
- core on deck: few samples taken by drillers immediately 
- further core workflow 
- … 



Sample quality 

• Potential reasons for loss of quality : 
- oxidation 
- contamination with microorganisms from surface 
- microbial processes within material after core retrieval 
 

• Depending on investigated parameter, different effects are 
important to take into consideration 
 

• Conflicts require splitting of sample, individual subsample 
conditioning ! 
Example: sulfate reducing bacteria consume porewater sulfate, 
               but are needed alive for turnover rates 



Microscopic cell counts: 
subsample conditioning 

• Microorganisms should die, to stop cell division 
• Fixation of cell walls for downstrem processes needed 
• Both achieved by mixing sediment with 2 % formalin solution 

- in-situ salt concentration prevents osmotic stress 
• Preventing contaminations is most important 



Cultivation of anaerobic archaea: 
subsample conditioning 

• Microorganisms of interest die when exposed to oxygen ! 
• Therefore, sediment storage bags must be N2-flushed 
• Other conditions usually not critical for survival 
• Preventing oxidation is most important  

 
 

 
  
 



Sample quality – contamination sources 

 operation sources precaution control 

drilling drill mud choice of drilling tool, 
subsampling spot in core 

contamination 
control samples 

general 
handling 

air, people cover open core surfaces, 
restrict handling to few 
people, wear gloves 

- 

core cutting tools  wipe tools with ethanol, 
keep workspace clean 

- 

sediment 
sampling 

consumables, 
people 

removal of core surface, 
prepare sterile single-use 
materials 

negative control 
samples 



Overview of subsamples 

purpose material on site processing 
cell counts sediment preparation of sediment slurry 
an-/cation 
concentrations 

porewater extraction from sediment, filtration, 
aliquot preparation, …  

alkalinity porewater extraction from sediment, titration test 
turnover rates sediment multiple mini subcores from whole round 

core piece, storage in N2 flushed bags 
molecular biology sediment storage frozen or in preservative solution 
contamination 
control 

sediment/ 
liner fluid 

preparation of sediment slurry / 
collection of liquid seeping out of liner 
before capping of core 

gas concentrations sediment before capping of core: transfer to glass 
vial, gas tight crimp sealing 



Setting up a field lab 

• From tent to lab container: Various possibilities 
 

• Type and equipment determine possible work steps 
  

• Electrical power supply: Voltage, converters, multiple sockets, … 
  

• Water supply: Quality, de-ionization, … 
  

• Wastewater: Treatment, disposal, collecting tank, … 
  

• Nitrogen supply: Gas cylinder, pressure reducer, tubes, … 
  

 
 

 



Field lab pictures 

 



Eqipment of a field lab 

• Cutting of core sections: Table, tools, vice, caps, tapes, … 
  

• Anaerobic core processing: Glove box/bag, N2, vacuum pump, … 
  

• Porewater extraction: Sediment containers, hydraulic press 
  

• Porewater chemistry: pH-meter, spectrophotometer, pipets, … 
  

• Sample storage: Refrigerator, freezer, gastight bags + sealer, … 
  

• Basics & consumables: Spatulas, tweezers, bags, scissors, 
knifes, tools, bags, vials, tapes, label stickers/pens, … 
 



Some field lab equipment 



The GFZ mobile field laboratory 

• Small lab built into a  
20 foot shipping container 

• Fumehood, workbenches, 
furniture built in 

• AC/heating for hot/cold 
conditions 

• Space for own and other 
people´s equipment to be 
used elsewhere on the 
drillsite 
 

 



The GFZ mobile field laboratory 

• How to get it: 
 - ask ICDP-OSG and/or GFZ 
 - plan sufficient extra time and money ! 
 

• additional logistic questions: 
 - How do I get the container on site ? 
 - How long does shipment, customs clearance take ? 
 - Where exactly can the container be placed on site ? 
 - Can I get electricity and water installations connected to 
    local systems ? 
 

•  We are willing to help with our experience and knowledge ! 
  

 



Workflow in the field lab (example) 

 Receipt of core, documentation, cutting & labeling of 
sub-sections 
  

Transfer to teammember / owner of piece   
  

Sediment subsampling: removal of surface material, 
syringe mini coring, transfer to vials / bags 

Porewater extraction, preparation of aliquots 

On-site measurements, documentation of results 

Packing and 

labeling of 

sampled and 

remaining 

materials 

into vials, 

boxes, 

nitrogen- 

flushed bags 

etc. 

Storage at 

room 

temperature, 

refrigerated 

or frozen 

according to 

the sample 

type 

requirements 



Sampling procedure: 
cell counts/contamination control 

• Keep whole round core piece in liner, remove cap 
• Plastic syringe with cut-off tip used for sampling: 

- hold piston resting on surface 
- push barrel into sediment 

• Retrieve with 3 ccm sediment filling 
• Push 2 ccm into vial and strip off at vial edge 
• Dispose of syringe, remaining sediment 
• Mix sediment in vial with 8 ccm solution 

(for cell counts: sterile, in-situ salinity, 2 % formalin) 
 

 Sediment slurry, store refrigerated 



Sampling procedure: porewater 

• For deep cores: hydraulic press extraction 
• Remove surfaces from whole round core piece 
• Transfer into prepared extractors 
• Slowly apply and increase pressure 
• Dispose of 1st ccm, subsequently collect 

~ 20 ccm sample 
• Aliquots for on-site/home lab measurements 
 
 Porewater geochemistry data, squeezecake 
    for other measurements 

 



Sampling procedure: turnover rates 

• Keep whole round core piece in liner, remove cap 
• Remove surface with sterile spatula 
• Use syringe piston in glass tube to sample 

multiple subcores 
• Keep sample in tube, close with rubber stopper 
• Seal in gastight bags, flush with N2, store 

refrigerated 

 
 Sediment samples for short term storage, 
    quick start of experiments recommended 
 



Sampling procedure: molecular biology 

• Clean spatula with ethanol, flame sterilize 
• Remove possibly contaminated/oxidized 

sediment surfaces 
• Transfer 5-10 grams to sterile vial 
• Store samples deep frozen (< -80 °C) until processing 

- requires well-planned cooling logistics (freezer power supply 
  during shipping, liquid N2 refills for cryogenic dry shipper) 
 

 Uncontaminated samples for 
    extraction of RNA or DNA  
 



Case Study: Lake Towuti 

• Tectonic lake in South Sulawesi, Indonesia 
• ICDP drilling operations in spring/summer 2015 
• 1018 meters of core recovered from 3 main sites 

 
 

Russell et al., 2016 



Contamination control 

• Monitors intrusion of drilling fluid into the core 
 

• Drilling fluid contains relevant concentrations of microbial 
contaminants: 2-5 orders of magnitude above cell count MDL 
 

• Even small drilling fluid intrusions may contain more cells than 
the sample  

 

• Thus, a contamination control tracer is added to the drilling 
fluid, allowing detection of drilling fluid intrusions 



Contamination control tracers 

• Reqirements: no natural source, stability, easy to detect (with 
low minimum detection limit) 
 

• Examples: fluorescent dyes, salts, dissolved gasses, particles, … 
 

• Addition to drilling fluid:  
– continuous supply 
– mixing into batch of drilling fluid 
– drill tool carries tracer in bag to 

 burst open upon hitting target 
 



Sample processing and analysis 

• Shake prepared sediment slurry 
well to homogenize suspension 

• Dilute a 100 µl aliquot in 9.9 ml water 
• Analyze suspended particles with a flow cytometer 
• Laser beam hits particle in liquid stream, scatters to detectors 

depending on particle properties 
 

 Diagram with sediment 
    and tracer particles in 
    different areas, tracer 
    particle quantification  



Case study: Lake Towuti 

• Colour pigment particle tracer 
- mixed into drilling fluid batch 
- samples from batch, liner fluid, core  
- analysis via microscopy, flow cytometry 
 

• Parameters (values rounded): 
- 109 Particles and 106 cells per cm³ drilling fluid 
- detection limit 105 Particles per cm³ sediment (both methods, 
   with chosen sampling and analysis parameters) 
 

• Thus, contaminations above 102 cells per cm³ sediment could be 
detected, most samples from core center were below this limit 
 



Results and conclusions 

Horizon drilled 
with Extended 
Core Bit tool, 
resulting in higher 
contamination in 
the center 

 LOD cell counts 

 no contamination ! 

 contamination ? 

log10 cells per cm3 

    from drilling fluid contamination 
         in the center of the core 
     2          3         4          5          6              

total cell counts 
log10 cells per cm3 

Friese et al., 2016. 



Impressions… 



Case study: Lake Van 

• Soda lake in East Anatolia, Turkey 
• ICDP drilling operations in summer 2010 
• 845 meters of core recovered from 2 main sites 

Tomonaga et al., 2017 



Sulfate Reduction Rates 

• SR: Turnover process of certain anaerobic microorganisms 
• Coupled to the oxidation of organic matter (or H2), SO4

2- gets 
reduced to H2S 

• Important in marine and sulfate rich systems 
• Lake Van: Promising study site, lakewater SO4

2- concentration 
nearly as high as seawater (~25 vs. 28 mmol/L)  
 

• Samples: from short gravity cores and deep drilling core 
catchers: subcores in glass barrels 
 



Sample processing and analysis 

• Injection of 1 MBq 35SO4
2- into each subcore 

• Incubation for 3 days at 4 °C 
• Transfer of samples to vials with Zinc acetate solution 
 kills microorganisms and therefore stops turnover 
 

• Home lab: cold chromium destillation 
according to Kallmeyer et al., 
L&O: Methods, 2004 
 

 Calculation of turnover rate from 
    porewater SO4

2- concentration, 
    scintillation counts 



Results and conclusions 

• Highest rates in the topmost 
samples, rapid decrease 

• Northern Basin shows much 
higher rates than Ahlat Ridge 

• SO4
2- concentrations decrease, 

but always stay high enough 
to support higher rates  

• As a potentially rate controlling 
factor, low molecular weight 
organic acids could be identified  
 
 Glombitza et al., 2013 



Impressions… 



Pilot studies: sampling before ICDP 
drilling operations start  

• Sampling possibilities limited, but… 
 

• Useful to 
- get to know collaborators 
- get to know local infrastructures 
- adapt and validate methods 
- develop ideas for sensible parameters for certain experiments 
- produce and publish some data 
- increase chances for successful grant applications 
 

• Targeting specific problems and scientific questions may justify 
the efforts ! 



Examples of problems that were not 
revealed during Pilot studies 

• Lake Van: 
- Drilling fluid additives were not tested with lake water 
- Preparation with lake water did not work 
- Freshwater required on drilling platform 
- Daily supply boat trips with tons of hotel pool water  
 

• Lake Towuti: 
- pore water pressed on-site was SO4

2- contaminated 
- contamination from filters used in hydraulic press 
- pilot studies performed with different equipment/materials 



Summary 

• Deep Biosphere research is part of many ICDP drilling projects 
 

• Results contribute to a better system & process understanding 
 

• There are some prerequisites to get high quality samples. They 
affect drilling operations, project logistics and finances. 
 

• Early involvement is the key to success 
 

• ICDP´s contribution to Deep Biosphere research has increased 
and research conditions and quality are on a high level now 
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