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The early stages (1983 – 1985) of the Pu`u `Ō`ō–Kūpaianaha eruption of Kīlauea volcano, Hawai`i, were characterized by episodic eruptive 
events from the Pu`u `Ō`ō vent on the east rift zone. Deflation was recorded by tiltmeters at the vent in correspondence with eruptive periods, 
while gradual re–inflation accompanied repose periods. This same ground deformation pattern was recorded at the summit, albeit with a time 
delay of several hours. 

Deflation is caused by pressure drop due to eruptive magma withdrawal beneath Pu`u `Ō`ō. Pressure changes travel along the the east 
rift zone to the summit, and result in increased rates of magma flow to the east rift zone, as well as summit deflation. We model the 
propagation of such pressure transients within an idealized one–dimensional, elastic–walled dike that connects the Pu`u `Ō`ō reservoir 
to the summit reservoir. The flow in the dike is incompressible and viscously dominated, therefore mass and momentum conservation 
equations reduce to an evolution equation for the dike width, b, or equivalently magma pressure, p.

Pressure variations travel along the 
dike at a velocity that depends on the 
dike width, wall-rock elasticity, magma 
viscosity, as well as the amplitude and 
duration of the pressure variation 
itself. However, the propagation 
speed of the pressure transient is 
most sensitive to the dike width.

Observed and modeled tilt. Predicted summit tilt is based on the volume of magma withdrawal from the Halema`uma`u reservoir 
(Poland et al., Geophys. Res. Lett., 2009), caused by the modeled change in pressure and magma flow rates within the dike.

Sensitivity of 
predicted inflation 
delay time to model 
parameters. 
Variations of 15% in 
effective dike width, 
perhaps associated 
with blockages 
somewhere along 
the east rift zone, 
can explain the 
range in observed 
time delays between 
the end of magma 
eruption at Pu`u 
`Ō`ō and the onset 
of re-inflation at 
Kīlauea's summit.

Magma flow velocity 
u depends on the 
pressure variations 
through equation 
above. Therefore, 
pressure variations 
inside the Pu`u `Ō`ō 
reservoir induce an 
increase in magma 
flux along the east rift 
zone.

Schematic diagram of the idealized 
dike model as applied to Kīlauea's east 
rift zone. Tilt at Pu`u `Ō`ō is used to 
obtain a time-dependent pressure 
boundary condition, the amplitude of tilt 
variation being assumed proportional to 
the amplitude of pressure variations 
inside the reservoir. The change in 
pressure, caused by magma 
withdrawal during an eruptive episode 
at Pu`u `Ō`ō, travels along the east rift 
zone and results in increased magma 
flow from the summit (Halema`uma`u) 
reservoir to the east rift zone and, 
hence, summit deflation. 

G = 3 GPa      shear modulus
ν = 0.25          Poisson's ratio
a = 1 km         dike height
γ = 12             friction coefficient
μ = 100 Pa s  magma viscosity
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Top: Normalized tilt for selected 
episodes from the early stages of 
the Pu`u `Ō`ō–Kūpaianaha 
eruption of Kīlauea volcano. 
Shown are those episodes for 
which tilt records show a well-
defined deflation at both Pu`u `Ō`ō 
and Kīlauea's summit, associated 
with an eruptive episode. Middle: 
Eruption rate (height of bar) and 
duration (width of bar) for each 
episode. Bottom: Observed time 
delay between the end of magma 
eruption at Pu`u `Ō`ō and the 
beginning of re-inflation at 
Kīlauea's summit. 

Magma flow

Propagation of pressure variation in 
space and time as described by the 
equation above. On the left, 
dimensionless dike width is 1; on the 
right, it is 3.

Change in pressure and magma flow rate, caused by the eruptive magma withdrawal at Pu`u `Ō`ō during 
Episode 23, as a function of time throughout the east rift zone dike model. The magnitude of pressure changes 
is constrained by the work of Hoffmann et al., Bull. Volc., 1990.
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