
Submarine hydrothermal 

vents:  Hot springs on the 

seafloor

OCN 201



Mid-Ocean Ridges 

host hot springs.

Predicted in 1965:  key ingredients                                
for a hydrothermal system:

• a source of water:  the oceans

• a source of heat:  the new crust

• a set of permeable pathways to get the 
water to the hot rock.



How far do you think you can you see underwater?

(in metres; 1 metre is about 3 ft)

A 1 

B 10

C 50

D 100

E more!

B= 10 m= ~ 30ft



Warm hydrothermal vents were discovered

in 1977 on the Galapagos Rift near 86oW

using bottom cameras and the Alvin

manned submersible.

The vents ranged in temperature from 6-17oC,

vs. an ambient T of 1.7oC.



Clams and mussels on pillow basalts

Enteropneusts.  No biologist was onboard;

the geologists called them “spaghetti”.

Serpulid (“featherduster”) worms



The most unusual and spectacular of the macrofauna discovered

at the Galapagos Rift in 1977 was the giant tubeworm 

Riftia pachyptila, of the class Pogonophora, up to 3 m in length.

These animals survive via a symbiotic relationship with 

chemosynthetic bacteria that live within their tissues.



Inside Alvin

Two years later, in 1979,

hot (350ºC) springs were 

found on the East Pacific 

Rise near 21oN.



These hot (350oC) springs

were immediately christened

“black smoker chimneys”.  

Both the smoke and the chimneys

are composed of polymetallic

sulfide minerals, chiefly 

pyrrhotite (FeS), pyrite (FeS2),

chalcopyrite (CuFeS2), and 

sphalerite or wurtzite (ZnS).

Note the white Brachyuran

crab, peculiar to the vent

fields.



The crenulations on and within

the chimneys are produced by 

deposition around polychaete 

worms of the family Alvinellidae

that live within the sulfide 

chimneys. 

The large rusty flocs in the 

plume are mainly bacterial mat,

presumably broken free from

surfaces beneath the seafloor.



The white

mineral in the

chimney is

anhydrite, CaSO4,

which precipitates

on mixing of the

hot water with

cold seawater.

The black 

mineral in the 

smoke is mainly

pyrrhotite, FeS.



Interior of a chimney wall

that had been in contact with

350oC water.  The brassy 

mineral is chalcopyrite, CuFeS2.

(The hand is that of famous

oceanographer and explorer

Dr. Robert Ballard, discoverer

of the wrecks of Titanic, 

Bismarck, and Yorktown.)



Hydrothermal fluid can be as hot as 400˚C,

but does not boil because of high pressure

What do you think the pressure is at a mid-ocean

Ridge hydrothermal system?

Number of times atmospheric pressure

A 10 

B 20

C 50

D 100

E 250

250



Origin of Seafloor 

Hot Springs 

1. Seawater percolates into 

the crust through cracks.

2. It becomes heated by 

contact with hot rock and 

begins to react with it, 

exchanging with it 

chemically.

3. The heated, reacted 

seawater ascends and 

spews from the seafloor as 

a hot spring.



• Hot Springs:

--hot (350oC)

--acid (pH ~4)

--reducing

--H2S-rich

--metal-rich

--Mg-free

Seawater vs. Hot Springs

•Seawater:

--cold (2oC)

--alkaline (pH ~8)

--oxidizing

--sulfate-rich

--metal deficient

--Mg-rich



Origin of Seafloor 

Hot Springs 

4. Metal-rich minerals  

precipitate from the hot water 

as it mixes with bottom 

seawater.

5. The minerals form 

“chimneys” which spew hot 

water, containing “smoke” 

made of precipitated minerals. 

The chimneys are formed of 

CaSO4, which is later replaced 

by metal-bearing sulfide 

minerals such as FeS and ZnS.



Origin of Seafloor 

Hot Springs 

6. The hot spring water (which 

originated as seawater that is 

now altered) provides reduced 

chemicals that microbes use to 

create energy.

7. These microbes form the 

basis of a food chain for these 

“Oases of the Deep”, giving rise 

to biological communities bases 

on chemosynthesis (rather 

than photosynthesis).



Hydrogen sulfide (H2S) in vent water, produced from sulfate 

(SO4
2-) in seawater, provides the energy for the animal 

communities at vent sites.

Sulfur-oxidizing bacteria are the base of the food chain.



Photosynthesis:





Origin of Seafloor 

Hot Springs 

8. The hot spring water rises 

as a buoyant plume into the 

overlying ocean. 

9. When the plume reaches 

buoyancy equilibrium, typically  

at ~100-200 m above the 

seafloor, it spreads laterally 

through the oceans.



Hydrothermal Plumes



Hydrothermal Plumes
• Cause vertical mixing of mid-depth waters.

3He detected in ocean water, released from 
interior of Earth by volcanic processes





Lau Basin back-arc 

spreading axis, 2005

T, oC

T anomaly

Transmittance

Density

Anomaly in Temperature, 

del-Temperature, and

transmittance

produced by 

neutrally buoyant 

hydrothermal plume





Deep Sea Axial Hot Springs
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Many regions not sampled, but probably 

have active venting

Known vent sites in 2011 
Source: http://www.divediscover.whoi.edu/vents/world.html

http://www.divediscover.whoi.edu/vents/world.html


Many regions not sampled, 

but probably have 

active venting



Hydrothermal vent sites may be where life originated on 

Earth. 

Chemosynthetic communities have profound implications 

for searching for life on other planets!

Artist’s conception 

of a probe dropped on 

the icy surface of Europa,

a moon of Jupiter,

to look for life in the oceans

below.



Do you think that there are other life forms:

A probably in our solar system

B probably in our galaxy

C probably in the Universe

D probably none other anywhere



Interaction between seawater and oceanic crust

is important for:

1. Heat removal from the solid Earth

2. Alteration of the oceanic crust:

changes in mineralogy, chemistry, and physical properties

with age

3. Chemical exchange between the oceans and the crust

4. Deposition of metal-rich deposits, 

including ferromanganese nodules and crusts and 

polymetallic sulfides

5. Support of biological communities, 

including both microbes and macrofauna

6. Concentrations and distribution of minor and trace chemical

species in the oceans

7. Vertical mixing of mid-depth waters, 

and possibly deep-ocean circulation itself.



How many metres below the ocean crust do you think 

hydrothermal fluids penetrate?

A 5 

B 500

C 1,000

D 5,000

E 10,000

5,000


