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A Generalized View of Volcanic-Magmatic Pathways
Incorporating Recent Drilling Results

John C Eichelberger'

1. University of Alaska Fairbanks Alaska Center for Energy and Power, USA, Fairbanks 111111

From the standpoint of geothermal energy,
volcanic hazards, and even mineral resources, the most
important systems are those that include establishment
of a hypersolidus volume or volumes in the upper crust.
Such regimes are only sustainable if open to repeated
additions of heat and mass(magma)from the deep crust
and upper mantle. Their primary form of heat loss to the
surface is by hydrothermal convection and of heat and
mass loss by eruption. This rather obvious concept has
led to the term "trans-crustal" to describe such systems.
The proportions of accumulated volumes of magma to
erupted volumes is unknown but generally guessed to
range from 2X to 10X. Common lifetimes of
magma-hydrothermal systems range from 10 to 107 yr.
The normal modeling practice of beginning with t = 0
obscures the likelihood that these systems may be near
steady state for much of their lives, although not
without frequent perturbation. Inputs heat and magma
sometimes but not always trigger outputs(eruptions)
from the systems. Outputs(eruptions)not only decrease
the volume of accumulated superheated material,
releasing thermal energy to the atmosphere and the

surface, but may also cool the hottest parts by allowing
direct access of hydrothermal fluid to magma.

The major discontinuity in this trans-crustal
heat-pipe is the abrupt upward transition from a regime
of silicate fluid to aqueous fluid. Both are likely
convecting, but magma convects as bulk flow whereas
aqueous fluid convects in porous flow. The intervening
solid rock zone (subsolidus but ductile) is characterized
by conductive rather than convective heat transport.
Therefore, for there to be continuity of vertical heat
flux(as there would be in steady state), the interval
between the magmatic and the hydrothermal system
should be thin with a steep thermal gradient. Viewed
this way, recent "accidental" drilling encounters with
magma a short distance between hot hydrothermal
systems is not an accident at all, but a normal
consequence of the decrease in permeability as
temperature approaches the solidus.

These considerations mean that high density
geothermal energy is more accessible than expected.

X $#17: Magma; Hydrothermal; Energy

Author: John Charles Eichelberger (1948-), University of Alaska Fairbanks, Alaska Center for Energy and Power. E-mail: jceichelberger@alaska.edu
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