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Hentscher and	Bach,	2012

Diffuse-Flow or 
Warm-Water Vent:

Mixing of hydro-
thermal fluids 
with seawater 
below the seafloor

DEEP-SEA HYDROTHERMAL VENT SYSTEM

Providing 
conditions 
conducive for 
chemoautotrophs 
growing as 
biofilms in cracks 
and crevices of 
ocean crust
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Ambient Deep-Sea Water:
• 2ºC
• 2.3 mM DIC
• 115 µM O2
• 40 µM NO3

-

• 0 µM S2-, H2
• 104 cells/ml

Crab Spa Diffuse-Flow Fluid:
• 14:1 ADSW:HT
• 25ºC
• 8.2 mM DIC
• < 3.6 µM O2
• < 6 µM NO3

-

• ~12 µM NH4
+

• ~ 200 µM S2-

• < 2 µM H2
• 2-5 *105 cells/ml

Hydrothermal Fluid:
• >275ºC
• 85 mM DIC
• 7.7 mM S2-

• 410 µM H2
• 0 µM O2
• 0 µM NO3

-

• 0 Cells

Water

Crust

Based on McNichol et al., 2016, DSR-I; 2018, PNAS
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Water

CrustProductivity?
Standing stock? 
Turnover?

Incubations	under	simulated	in	situ	
conditions	using	isobaric	gas	tight	
samplers	(IGTs)

Based on McNichol et al., 2016, DSR-I; 2018, PNAS
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SHIPBOARD INCUBATIONS WITH HYDROTHERMAL
FLUIDS UNDER SIMULATED IN SITU CONDITIONS

Jesse	McNichol

13C-CO2
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Primary Productivity Inferred from Incubations 
at In Situ Temperature and Pressure Using by 
HISH-SIMS

• Campylobacteria dominate	carbon	fixation!
• Amendments	increase	carbon	fixation

CARD-FISH:
80-100% Campylobacteria A B C
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McNichol et al., 2018, PNAS
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𝐶𝐺𝐸 =
𝐸𝑞&'()

𝐸𝑞&'() + 𝐸𝑞+(,,

Fraction of Electrons from Dissimilatory Reactions Used for 
Carbon Fixation: Chemosynthetic Growth Efficiency (CGE)

*  M. Klatt, L. Polerecky, 2015 

CGE = 0.06 – 0.13

McNichol et al., 2018, PNAS
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Seawater (SW)
O2, NO3

-, SO4
2- (3ºC)

Hydrothermal Fluid (HF)
H2S, H2, CH4 (>275ºC)

Basalt

14:1 mix 
(SW:HF)

Exiting Fluids 
depleted in H2, 
H2S, NO3

-, O2
relative to 
conservative 
mixing;
enriched in cells 

(25ºC)

Subseafloor
Biosphere

Depletions in diffuse-flow fluids + CGE 
=> in situ primary productivity!

Based on McNichol et al., 
2016, DSR-I; 2018, PNAS Sievert – Fluid Underground Mtg, Nov 5, 2019



Determination of Rates of Various Chemosynthetic Reactions 

McNichol et al, Deep-Sea Research I: 115 (2016) 221–232
• Using in situ consumption and rates per cell allows calculation of standing stock
• Biomass residence time can be inferred from CGE-derived productivity and 

standing stock assuming steady state
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Constraints on Subseafloor Productivity, Standing 
Stock, and Turnover from Measurements of CGE

Parameter Lower	bound Upper	bound Units

Absolute	carbon	fixation	rates1 17.3 321.4 μg C	◦ L-1 ◦ day-1 

Chemosynthetic	growth	efficiency1 0.06 0.13
Fraction	electron
equivalents	to
Carbon	fixation

Estimated	in	situ	carbon	fixation2

(per	L	Crab	Spa	mixed	fluid): 104 253
μg C	◦ L-1 

(per	L	Crab	Spa	end-member	fluid): 1.4×103 3.5×103

Estimated	annual	productivity3 of:
Crab	Spa	vent4 6.1×103 1.5×104

g	C	◦ y-1 Surrounding	vent	field5 3.8×106 9.3×106

Global	diffuse-flow	vents6 4.5×1010 1.4×1012

Standing	stock7,	Crab	Spa 28.6 NA g	C
Biomass	residence	time8,	Crab	Spa 17 41 hours

Global	standing	stock6 1.4×109 2.7×109 g	C

McNichol et al., 2019, PNAS
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Ambient Deep-Sea Water:
• 2ºC
• 2.3 mM DIC
• 115 µM O2
• 40 µM NO3

-

• 0 µM S2-, H2
• ~104 cells/ml
• ~0% Campylobacteria

Diffuse-Flow Fluid:
• 25ºC
• 8.2 mM DIC
• < 3.6 µM O2
• < 6 µM NO3

-

• ~12 µM NH4
+

• ~ 200 µM S2-

• < 2 µM H2
• ~5*105 cells/ml
• ~80% Campylobacteria

Hydrothermal Fluid:
• >275ºC
• 85 mM DIC
• 7.7 mM S2-

• 410 µM H2
• 0 µM O2
• 0 µM NO3

-

• 0 Cells

Water

Crust

Synthesis Subseafloor productivity 
rivals above seafloor 
production by symbiotic 
associations!

Productivity:	40	gC d-1
Standing	stock:	29	g	C
Biomass	residence	time:	17-41	h

Productivity?
Standing	stock?	
Turnover?

Based on McNichol et al., 2016, DSR-I; 2018, PNAS
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• Fluid Residence Time: 29-33 h
• 1011 methanogens occupying as little as 2 m3 pf ocean crust needed to create CH4

anomalies
• Small, but very active subseafloor biosphere

Reactive transport model
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Outstanding Questions
Mode of growth in subseafloor?
In situ rates? 
Flow path and plumbing?
Permeability of ocean crust? 
Fluid mixing?  
Fluid residence time? 
Fluid volume? 
Flow rate?
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