


Hydrothermal activity

HYDROTHERMAL PROCESSES AT MID-OCEAN RIDGES
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Hydrothermal circulation at mid-ocean ridges

Heat Source

After sea water seeps
into the crust, Ca, sulfate,
and Mg are removed
from the water. As the
water begins to heat up
sodium, potassium, and
calcium dissolve from the
crust. Magma superheats
the water, dissolving
metals like iron, zinc,
copper, and sulphur. The
water then rises back to
the surface, where it
mixes with the cold
seawater, forming black
metal-sulphide chimneys.



Hydrothermal circulation at mid-ocean ridges

black smoke

o 2 Black-smoker

b
! .- 4 ‘\\ ambient

sea water

ambient sea
water

Schornsteine
[N am Meeres-

/I-
¥ grund

i ~ )
& i ,:f,..-leadlng edge

ol .
TilEnag
Ll fl
. P T of anhydrite
i Egaa T
® EaE : LTI
- & E s
bk i - .
. L “
3 : :
: Ty sulphides of
o - '_5 ¥
{
o

iron, zinc and
copper

lateral
growth

anhydrite
stringers

Heat Source




Deep-sea submersibles
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A new Indian Ocean vent
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Bacteria
Chemosynthesis:
6CO, + 6H,0 + 3H,S - C,H,,O + 3H,SO,




4 layers distinguished via seismic velocities
Deep Sea Drilling Program

Dredging of fracture zone scarps
Ophiolites



Oceanic Crust and
Upper Mantle
Structure

FORTION OF UGS CLASSIFICATION OF ULTRAMAFIC ROCKS
(after Steckeizen, 1976)
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Peridatites

Lithology and thickness of a typical
ophiolite sequence, based on the
Samial Ophiolite in Oman.

Boudier and Nicolas (1985) Earth
Planet. Sci. Lett., 76, 84-92.

Typical

Lithology Thickness

Deep-sea sediments ] ¢. 0.3 km

Basaltic pillow lavas 0.3-0.7 km

Sheeted dike complex 1.0-1.5km

Isotropic gabbro
Foliated gabbro

Plagiogranite

Layered gabbro 2-5 km

Wehrlite
diapir

Wehrlite
Chromite pod

Ultramafics Gabbro

up to.7 km

Harzburgit:
arzburgite (enEEl

Mafic dikes

Dunite
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Oceanic Crust

Pelagic sediments and hyaloclasites

Pillow Lavas

Sheeted Dyke Complex

Massive Gabbro, Diorite & Plagiogranite

Mafic Cumulates
seismic moho

Ultramafic Cumulates
petrological moho

Ultramafic Tectonite (peridotite)
with pods of dunite and chromite

R Stddail 2000



Spreading rate and magma composition

Rift Valley

-0 5
Distance (km)

Transition arginal
zone E-MORB'
chamber

‘ E-i}ORB

N-MORB
Sinton & Detrick (1992) J. Geophys. Res., 97, 197-216

300

Number of Samples

200

Perfit et al. (1994) 100
Geology 22, 375-379

10

o

70 60 50 40 30 20
Mg#

Slow ridges are generally less differentiated than fast
ridges. No continuous liquid lenses, so magmas entering
the axial area are more likely to erupt directly to the
surface hence more primitive, with some mixing of mush.

Faster ridges with more persistent liquid chambers will, on
average, undergo more advanced fractional crystallization.



