
three segments of the same active flow field. 
Although for Flow Region 1 the area of cur­
rent activity diminished in size between the 
start and end of the observations, it re­
mained active all the time, while the area of 
activity associated with Flow Regions 2 and 
3 actuaUy grew in size. 

From the volumes of new material we de­
rive an estimate of the mass eruption rate 
for this part of the volcano, assuming that 
the density of the material is also known. 
Table 1 shows that 335700 m2

, 368775 m2
, 

and 356625 m2 of new lava was erupted on 
the successive days. Taking 50 em as the av­
erage thickness of new pahoehoe flows, 

Jthese values translate to 167850 m , 184388 
J Jm , and 178313 m per day, equivalent to 

eruption rates of 1.94 mJ/s, 2.13 mJ/s, and 
2:06 mJ/s for the three days. Such values are 
close to the -3-4 mJ/s cited by U.S. Geo­
logical Survey scientists making eruption ob­
servations at Kilauea (Wolfe et aI., 1987; 
Mangan et aI., 1995). Lower values are also 
consistent with field observations on Octo­
ber 8 and 9 that new lava was also entering 
the ocean via lava tubes during the four-day 
period in question, as evidenced by large 
steam plumes. The three independent effu­
sion rate estimates for the three 24 h periods 
are also remarkably similar, indicating that 
activity at Kilauea remained consistent for 
the period of our observations. 

The areas of decorrelation represent a re­
distribution or replacement of the independ­
ent scattering centers within each radar res­
olution element, rather than a coherent 
displacement of the surface. Therefore the 
individual flows are not simply inflated from 
beneath, as has been observed for other 
Kilauea flow fields (Hon et aI., 1994); infla­
tion alone does not result in decorrelation. 

Simple displacement of the surface flow 
without the emplacement of new material 
from the subsurface could result in a similar 
decorreJation signature to that observed in 
Figure 3, if the amount of displacement is 
sufficient to transfer a surface element by at 
least one pixel to a new location in the sec­
ond radar image. For example, a recently 
erupted lava flow might continue to move 
downslope even if the vent that erupted the 
lava is no longer active. Such motion need 
only occur for a few minutes after the first 
radar observation, since it is the total motion 
over the following 24 h period that the radar 
detects. Our field observations show that in­
dividuallava flow lobes may stay active for a 
few tens of minutes, but that the individual 
flow lobes that were forming on Kilauea on 
the days in question did not travel more than 
15 m (i.e., 1 radar pixel) after the vent be­
came inactive. Thus our field knowledge of 

the activity at Kilauea in early October 1994 
and our interpretation of the SIR-C mea­
surements lead us to conclude that over the 
four days in question, new lava was erupted 
daily in the same limited regions, and that it 
did not form coherent single flow lobes that 
advanced progressively downslope. In the 
latter case, such an advance would have 
been identified by the change in location of 
the decorrelated areas on a day-by-day basis. 

Our field observations on October 9, 
1994, identified three different characteris­
tics for the three flow regions identified in 
the radar correlation images. Flow Region 1 
was associated with a well-formed lava tube 
that periodically overflowed, producing 
small pahoehoe flows. Region 3 was clearly 
very different, being located right at the 
margin of the active flow field where new 
flows were invading vegetated ground. 
Here, discrete flow lobes -30 em thick were 
in-filling in hollows in the preexisting terrain 
as the flow front slowly advanced. Flow Re­
gion 2 was within the main body of the active 
flow field, but with no obvious association 
with a well-developed tube system. Our in­
terpretation here is that the radar data ob­
served repeated eruptions of pahoehoe 
lobes from a slowly inflating compound pa­
hoehoe flow field. 

CONCLUSIONS 
From the estimated area and mass rates 

and the spatial distribution of the decorre­
lated areas, we can identify persistent lava 
emission in well-defined regions on the 
Kilauea flow field, rather than the migration 
of individual flows downslope. These results 
demonstrate that interferometric radar anal­
yses provide a uniquely capable tool for 
mapping lava flow development, independ­
ent of illumination, weather condition, or 
eruptive emissions. Furthermore, in inacces­
sible regions the technique may be expected 
to perform equally well. While the radar 
provides high precision areal measurements, 
the availability of field observations such as 
flow thickness and viscosity increase geolog­
ic understanding. Our results also raise the 
possibility of the identification of the areas 
of change associated with pyroclastic volcan­
ism, such as the formation or growth of cin­
der cones, the collapse of summit craters, 
changes in the morphology of lahar deposits 
due to erosion and/or deposition, and the 
measurement of the area of pyroclastic ma­
terials formed by more expl.osive eruptions. 
In this last example, radar interferometry 
may eventually provide a remote sensing 
method for producing isopach maps for the 
ash produced by new eruptions. Interfero­
metric analyses are not likely to replace de-

Prinlcd in U.S.A. 

tailed and inexpensive field observations, 
but the existence of spacebornc sensors per­
mits observations that augment and extend 
conventional field techniques. We therefore 
conclude that, because field work in areas of 
active volcanism can be expensive, time-con­
suming, logistically challenging, and danger­
ous for those involved, the radar interferom­
etry method presented here offers the 
potential of great insight into the magnitude 
and distribution of volcanic processes asso­
ciated with new eruptions. 

REFERENCES CITED 
Gatelli, F., Monti Guarnieri, A, Parizzi, F., Pasquali, 

P., Prati, c., and Rocca, F., 1994, Use of till; 
spectral shift in SAR intcrferometry: Applica­
tions 10 ERS-I: IEEE Transactions on Gco­
science and Rcmotc Sensing, v. 32, no. 4, 
p. 855-865. 

Hon, K., Kauahikaua, J., Denlinger, R., and MacKay, 
K., 1994, Emplacement and inflation of pahoe­
hoe sheet flows: Observations and mea­
suremcnts of active lava flows on Kilauea vol­
cano, Hawaii: Geological Society of America 
Bulletin, v. 106, p. 351-370. 

li,	 F., and Goldstein, R. M., 1990, Studies of multi­
baseline spaceborne interferometric synthctic 
aperture radars: IEEE Transactions on Geo­
sciencc and Remote Sensing, v. 28, no. I, 
p. 88-97. 

Madsen, S. N., Martin, J., and Zebker, H. A, 1995, 
Analysis and evaluation of the NASA/JPl TOP­
SAR interferometric SAR system: IEEE Trans­
actions on Geoscience and Rcmote Sensing, 
v. 33, no. 2, p. 383-391. 

Mangan,	 M. T, Heliker, C. C, Mallox, TN., Knua­
hikaua, J. P., and Helz, R. T, 1995, Episode 49 
of the Pu'u O'o-Kupaianaha eruption of 
Kilauea volcano: Breakdown of a stcady-statc 
eruplive era: Bulletin of Volcanology, v. 57, 
p. 127-135. 

Rodriguez, E.,	 and Martin, J. M., 1992, Theory and 
design of interferometric synthetic aperture ra­
dars: lEE Procecdings-F, v. 139, no. 2, 
p. 147-159. 

Tilling, R. I., and Peterson, D. W., 1993, Field ob­
servation of active lava in Hawaii: Some prac­
tical considerations, in Kilburn, C. R. J., and 
luongo, G., cds., Active lavas: London, UCl 
Press, p. 147-174. 

Walker, G. P.	 L., 1991, Structure, and origin by in­
jection of lava under surface crust, of tumuli, 
"lava rises," "lava-rise pits," and "lava-inflation 
clefts" in Hawaii: Bulletin of Volcanology, v. 53, 
p. 546-558. 

Wolfe, E. W., Garcia,	 M. 0., Jackson, D. 8., Koy­
anagi, J., Neal, C. A, and Okamura, A T, 1987, 
The Pu'u 0'0 eruption of Kilauea volcano, ep­
isodes 1-20, January 3,1983 to June 8, 1984, in 
Decker, R. W., et aI., cds., Volcanism in Hawaii: 
U.S. Geological Survey Professional Paper 
1350, p. 471-508. 

Zebker, H. A, and Villascnor, J., 1992, Decorrela­
tion in interfcrometric radar echoes: IEEE 
Transactions on Geoscicnce and Remote Sens­
ing, v. 30, no. 5, p. 950-959. 

Zebker, H. A, Madscn, S. N., Martin, J., Wheeler, 
K. B., Miller, T, Lou, Y., Alberti, G., Vetrella, 
S., and Cucci, A, 1992, The TOPSAR interfero­
metric radar topographic mapping instrument: 
IEEE Transactions on Geoscience and Remote 
Sensing, v. 30, no. 5. p. 933-940. 

Manuscript received January 11, 1996 
Manuscript accepted February 16, 1996 

GEOLOGY, June 1996 498 


