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I am Exploring for Life in the Dark Ocean	


Figure modified from Orcutt et al. Microbiology And Molecular Biology Reviews 2011	




Photic zone - 3.0 x 1016 m3	


The Aphotic Zone - 1.3 x 1018 m3	


Sediments - 4.5 x 1017 m3	


Upper Oceanic Crust - 2.3 x 1018 m3	


The majority of habitats in the ocean are	

in the DARK	


modified from Orcutt et al. MMBR 2011	




70% of the ocean floor 	

is exposed or shallowly buried oceanic crust 	


< 100 m	
 < 1,000 m	
 10 000 m	

Global Sediment Thickness (NOAA)	




water moves through the crust - rapidly	


Figure courtesy  A. Fisher 	




Sediment	  ponds	   seamounts	  vents	  

Edwards et al., 2005 TRENDS in Microbiol	


Several habitats in oceanic crust 	

- axis, ridge flank, seamounts, deeply buried…	




Photo by Beth Orcutt	




Exploring the 
hard rock 	


“intra-terrestrials” 	


Mascarelli, Nature News, 2009	




How we get samples from the Deep Biosphere	


Photo by Bill Crawford/TAMU	
 Photo by V. Heuer	
 Photo by Beth Orcutt	




How we get samples from the Deep Biosphere	


Rocks, sediments, hammers…oh my!	

Photos courtesy of J. Magnusson, B. Crawford, J. Sylvan	




PROBLEM:	

Hard to recover quality rock 
samples for microbiology (or 

chemistry) by drilling 	

	


How we get samples from the Deep Biosphere	




What is happening at depth?	

Observatories below the 

seafloor	


Figure courtesy J. Cowen, A. Fisher 	
Image courtesy of Science News	




movie	
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“GeoMicrobe Sled”	


4 inch ball valve	


Fluid sampling umbilical connections	


Platform with continuous 
fluid and microbial 

colonization samplers	


Not shown – on opposite side:	

 pressure sensors	




Photo: WHOI	


Hose bundles	

(monitoring and sampling)	


Components for sealing, sampling borehole for geochem & microbio	


Fisher et al. 2011 	

X327 volume	


Photos: Andy Fisher	




Free flow 
ball valve	


Pressure 
valves	


Data 
logger	


Pressure 
gauges	
 GeoMicrobe 

Sled valves	


OsmoSampler 
valves	


Fisher et al. 2011 X327 volume	

Photos: Andy Fisher	


Three bays for three kinds of sampling & monitoring	


Multilevel Pressure 
Monitoring	


Fluid sampling for 
microbiology and 

colonization 
experiments	


Fluid sampling (Teflon- 
lined umbilicals) by 
GeoMicrobe Sled & 

Free flow valve	
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Various ways to connect OsmoSamplers 	

and sleds at the seafloor	




Components for sealing, sampling borehole for geochem & microbio	


Fisher et al. 2012 	

Scientific Drilling	

Photos: WHOI	


Flow meter installed 	

on Free flow valve	




Photo Geoff Wheat	


Downhole OsmoSamplers	


Wheat et al. 2011 (IODP X327 volume)	

Edwards et al. 2012 (IODP X336 volume)	




Photo Geoff Wheat	


Many varieties of 
OsmoSamplers	


Wheat et al. 2011 (IODP X327 volume)	


Regular (Teflon) – major/
minor ions	


Acid Addition – trace 
metals	


Copper – gases	


BOSS – biological 
preservation	


MBIO – microbial 
colonization experiments	


Enrichment – microbial 
enrichment experiments	


	




EXAMPLE – Juan de Fuca CORKS (IODP X301/X327)	

Using CORKs to explore subsurface microbiology	
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Subsurface microbial colonization experiments combined with 
“OsmoSamplers” to pull fluids over substrates for microbial growth	


Fisher et al., 2005; Orcutt et al. ISME J 2011	




Subsurface microbial observatories	


Microbial colonization 
experiments	


	

FLOCS = FLow-through 

Osmo Colonization System	

Orcutt et al., Geomicrobiology J 2010	


	

Connected with long-term 

(~5 year) chemical sensors to 
track changes in borehole 

environment	


EXAMPLE – Juan de Fuca CORKS (IODP X301/X327)	




CORKs on the eastern Juan de Fuca Ridge flank	


temp	


Si	


SO4	


NO3	


NH4	


Mn	


Fe	


Continuous temperature 

and chemical data collection 

record “re-bound” of hole 

conditions after ~3 years	


	


‘RECHARGE’ - sucking 

cold seawater into borehole	


	


‘DISCHARGE’ - venting 

warm, reduced fluids out of 

crust	


	

Orcutt et al. ISME J 2011; 	


Wheat et al. G3 2010	


EXAMPLE – Juan de Fuca CORKS (IODP X301/X327)	




CORKs on the eastern Juan de Fuca Ridge flank	


Orcutt et al. ISME J 2011	


Mineral chips 
deployed in the 
subsurface for 4 

years were 
colonized by cells 

with differing 
morphology	


	

Biogenic-like 

twisted stalks also 
evident - indication 

of iron oxidizing 
bacteria ?	


EXAMPLE – Juan de Fuca CORKS (IODP X301/X327)	




EXAMPLE – Juan de Fuca CORKS (IODP X301/X327)	

CORKs on the eastern Juan de Fuca Ridge flank	


Majority of borehole mineral chip 
sequences group within the 

Firmicutes phyla 	

- unclear physiology - N, S cycling ??	


	

No known iron oxidizers found 	

-observed twisted stalks a ‘fossil’ 
of life during earlier, cooler borehole 

conditions	

	


Close relatives include sequences 
from terrestrial deep biosphere 

(mines) 	

- terrestrial/marine deep biosphere 

connection ??	

	


Orcutt et al. ISME J 2011	
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Bacteroidetes
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Planctomycetes

Verrumicrobia

Other

Firmicutes	


Percentage of different groups of Bacteria, 	

based on 16S rRNA gene	




What lives in deep oceanic crust?	


Edwards et al. 2012 IODP X336 volume	




Life in Deep, Young & Cool Crust (X336 North Pond)	

Evidence of oxygen diffusing into deep sediments from basement	


Orcutt et al. in review	




Ci(start) O2= 
known 

Cf(U1383D) O2= 
?? umol L-1 

Fluid flow advection 
VFsw = ?? 

[O2]end = (Fa-Fd) / VFsw  

Evidence for life in cool, oxic, oceanic crust ?	


Oxygen [uM]
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Orcutt et al. in review	


Life in the Deep, Young & Cool Crust	


If upper basement oxygen 
concentrations can be 

assumed from sediment 
profiles, 	


can these data be used to 
learn something about 

oxygen behavior in oceanic 
crust?	




Basement oxygen concentrations can be 
explained by diffusion alone only at very low 

fluid flow rates	

	


Reaction in basement is likely, since fluid flow 
rates are expected to be higher	


	


Rates of oxygen consumption in basement 
may be higher than in sediments	


	


First estimate of oxygen consumption in 
basement (but needs refinement!)	


Orcutt et al. in review 
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Heberling et al. 2010	


STAY TUNED !!	


How abundant are microbes in oceanic crust?	


Photo by Beth Orcutt	




1 cm3	


1 cm3 of shallow sediment has 	

1,000,000 - 1,000,000,000 	


microbial cells	


Less than 1% of the cells	

Are known in culture	


What is the identity (and function) 	

of microbes in the environment?	


How does life in the dark ocean survive ??	




Background	  

Single Cell Genomics	

At Bigelow	


Photo by Beth Orcutt	




Life in the Dark Ocean…	

Buried Alive	


Figure modified from Orcutt et al. Microbiology And Molecular Biology Reviews 2011	



