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Submarine hydrothermal vents

OCN 201

Tectonic plates and their boundaries
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Formation

They result from sea water penetrating the oceanic crust 
at these boundaries and being heated by the magma below

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
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Oceanic water may circulate as deep as 5 km 
below ocean bottom

Locations:
They are found at the boundaries that define the edges 
of the tectonic plates found throughout the oceans
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They can be found on seamounts, such as Loihi because 
this is also an area where hot magma is coming close to 
the bottom of the ocean

Existence of vents first proposed in 1965  to explain 
heat flow anomalies
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Vents found visually using deep diving submarines
--but only limited visibility makes it hard to find them

First vents not found until 1977 on Galapagos spreading centre

•  Cameras and chemical sensors towed from surface 
ships have made them easier to find

•  Expense means only a small part of the ocean has 
been surveyed for vents
–  typical research vessel is $35,000/day
– with submarine is around $50,000/day
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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

Vent sites with animals around them are easier to
find visually: 

–  but biases our view of numbers of different vent types
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Loihi has vent sites, but no animals around them 
--harder to find

Hydrothermal fluid can be as hot as 380˚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
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Hydrothermal fluid can be as hot as 380˚C,
but does not boil because of high pressure

Cold seawater reacts with hot rocks and is chemically
altered



9

Chemistry of typical hydrothermal vent fluid

Chemical Symbol  Hydro- Normal Hydrothermal 
  thermal seawater effect on
  (mmol/kg) (mmol/kg) seawater

Removed
Magnesium Mg   0 53 All removed
Sulphate SO4    0 28.6 All removed

Enriched
Iron Fe   1800 <.001 1.8 million times
Manganese Mn   1140 <.005 228,000 times
Copper Cu   44 <0.010 4,400 times
Zinc Zn   40 <0.01 4,000 times

In some cases, chemical enrichment of vent water 
can be as much as 2 million times that of normal 
seawater, e.g., Fe

Hydrothermal vents very important for oceanic 
chemical balance, e.g., Mg, SO4
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Comparison of global fluxes from hydrothermal vents
to those from rivers 

Chemical River Hydrothermal Comparative
input input flux H/R

Water 4 x 1016 1.7 x 1014 0.4%
Magnesium 5 x 1012 -8 x 1012 -160%
Sulphate 4 x 1012 4 x 1012 -100%
Calcium 12 x 1012 3.5 x 1012 29%
Barium 10x 109 2.4 x 109 24%
Potassium 1.9 x 1012 1.2 x 1012 63%
Lithium 1.4 x 1010 16 x 1010 11 times

When high temperature vent water mixes with cold 
ocean water, chemical precipitation reactions take 
place and chimneys are formed
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“Smoke” from Mn and Fe 
provides a chemical signal 
that can be used 
to find vents

Loihi vents have no animals 
around them so are hard to 
find any other way
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Reduction of sulphate in seawater to hydrogen 
sulphide in vent systems is crucial to existence of animal 
communities at vent sites
Sulphur oxidising bacteria are the base of the food chain

Photosynthesis is basis of energy for all organisms in 
ocean, and on land

Except hydrothermal vents

Chemosynthesis is the basis of energy at vent sites

Bacteria get energy from oxidising hydrogen sulphide

Has implications for life on other planets

--could be chemosynthetically based
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Hydrothermal vent sites may be where life originated 
on Earth 
Has 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
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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
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