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Fault-Controlled Thermal Stresses as a
Fracturing Mechanism in Hydrothermal Systems

M Lee Allison (Univ. of Utah Research Inst.,
Salt Lake City, UT 84108)

Hydrothermal fluids circulating along open
faults or fractures in high temperature
geothermal systems will produce thermal stresses
large enough to fracture the adjacent rock.
Assuming a uniform elastic semi-infinite half-
space a thermal stress will develop proportional
to the temperature difference between the
hydrothermal fluid and the cool rock/fluid
beyond the system. The vertical stress o,, is
assumed to be based on the thermal gradient. 1In
contrast to studies on oceanic ridges however,
the maximum stress o,, is normal to the fluid-
hosting fault. Stress along the fracture, o,
is assumed to be zero because the convecting
fluid will equalize temperatures quickly after
entering the system. The model is a steady-
state system in which hydrothermal fluids
~ontinue to replace those that cool and pass out
vf the system. Thus, neither adjacent rocks nor
the source cool as in the cases of oceanic
lithosphere or dike injection. For typical rock
values the thermal stress is from 1 to 2 kbars
for each AT of 100°C across the field. Typical
continental deviatoric stresses are 0.1 to 1
kbar.
In an extensional environment (o, vertical)
faults develop ideally in the direction of o,
and perpendicular to Oq. When later
hydrothermal fluids are injected along the
faults the new thermal stress results in a
reorientation of the total stress field. Stress
normal to the fault changes from o, to o,.
Stress along the fault changes from o, to o;.
New fractures and faults will form at a high
angle to the pre-existing ones. This may help
account for cobmplex fracture patterns in

hydrothermal systems.
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