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Abstract Remote monitoring of active lava domes pro-
vides insights into the duration of continued lava extru-
sion and detection of potentially associated explosive
activity. On inactive flows, variations in surface texture
ranging from dense glass to highly vesicular pumice can
be related to emplacement time, volatile content, and
internal structure. Pumiceous surface textures also pro-
duce changes in thermal emission spectra that are clear-
ly distinguishable using remote sensing. Spectrally, the
textures describe a continuum consisting of two pure
end members, obsidian and vesicles. The distinct spec-
tral features of obsidian are commonly muted in pu-
mice due to overprinting by the vesicles, which mimic
spectrally neutral blackbody emitters. Assuming that
this energy combines linearly in direct proportion to
the percentage of vesicles, the surface vesicularity can
be estimated by modeling the pumice spectrum as a lin-
ear combination of the glass and blackbody spectra.
Based on this discovery, a linear retrieval model using a
least-squares fitting approach was applied to airborne
thermal infrared data of the Little Glass Mountain and
Crater Glass rhyolite flows at Medicine Lake Volcano
(California) as a case study. The model produced a ve-
sicularity image of the flow with values from 0 to
F70%, which can be grouped into three broad textural
classes: dense obsidian, finely vesicular pumice, and
coarsely vesicular pumice. Values extracted from the
image compare well with those derived from SEM anal-
ysis of collected samples as well as with previously re-
ported results. This technique provides the means to
accurately map the areal distributions of these textures,
resulting in significantly different values from those de-
rived using aerial photographs. If applied to actively
deforming domes, this technique will provide volcano-

logists with an opportunity to monitor dome-wide de-
gassing and eruptive potential in near-real-time. In July
1999 such an effort will be possible for the first time
when repetitive, global, multispectral thermal infrared
data become available with the launch of the Advanced
Spaceborne Thermal Emission and Reflectance Ra-
diometer (ASTER) instrument aboard the Earth Ob-
serving System satellite.
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Introduction

Remote sensing provides spectral, spatial, and temporal
coverage for both geologic mapping and monitoring at
numerous volcanoes throughout the world. The use of
satellites and aircraft to monitor active volcanic sites
and map the products of eruptions has been ongoing
for decades. Progressively more complex image proc-
essing techniques have been applied to an increasing
number of data sets to derive such characteristics as the
amount of magmatic inflation of a region using interfe-
rometric radar (Rosen et al. 1996), the presence of hot
spots with short-wave infrared (Abrams et al. 1991),
and the volume of sulfur dioxide in plumes using ther-
mal infrared (TIR; Realmuto et al. 1994). Such moni-
toring programs, designed to mitigate volcanic hazards,
will need to be expanded in the future as population
centers continue to encroach upon dangerous volca-
noes.

If one were to select volcanologic remote sensing
targets of potential hazards on the basis of where the
largest numbers of people have recently been killed or
are currently threatened, frequently observed basaltic
shield volcanoes such as Kilauea (Hawai‘i) would be
replaced by more silicic volcanoes such as Merapi (In-
donesia), Santa Maria (Guatemala), Unzen (Japan),
Mount St. Helens and Augustine (United States), Gal-
eras (Colombia), and Soufriere Hills (Montserrat). Re-
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Fig. 1 Emission spectra of the units shown in Figs. 3–4 together
with an emissivity equal to one representing an ideal blackbody.
Spectra shown are averages of at least ten samples to account for
orientation and weathered surface effects. The large absorption
band at 9.25 mm is diagnostic of glass and is caused by the stretch-
ing vibrations of silica tetrahedra. The blackbody and obsidian
(OBS) served as end members for the deconvolution model,
which estimated the percentage of vesicles in the pumice based on
the fit of the end-member spectra. CVP coarsely vesicular pu-
mice; FVP finely vesicular pumice

cent activity at these seven volcanoes has been charac-
terized by the emplacement of andesite or dacite lava
domes whose growth and collapse have killed thou-
sands of people this century (Rothery 1989). Over a
longer time span, volcanoes such as these also have the
potential to undergo large-scale sector collapse or cal-
dera formation, which could lead to tens of thousands
of fatalities.

Current remote sensing platforms are limited in
many ways for systematic volcano monitoring. Space-
borne instruments provide data from remote regions
but with poor spectral or spatial resolution. Airborne
instruments, on the other hand, have the advantage of
higher resolutions but lack the ability to engage in long-
term observations, especially in remote regions. The
ASTER instrument scheduled for launch in July 1999
will provide continuous global observations spanning
three wavelength regions from the visible to the ther-
mal infrared (Kahle et al. 1991). High spatial and mod-
erate spectral resolution data will allow monitoring of
changes in dome morphology, composition, and tem-
perature. For over-steepened domes, these changes
may signal flow-front collapse that can generate pyro-
clastic flows and debris avalanches (Fink and Kieffer
1993).

Past remote sensing studies of volcanic products
have measured parameters such as the aspect ratio,
length, and roughness (Campbell and Garvin 1993;
Rowland et al. 1994; Plaut et al. 1995). An important
lava property previously neglected is surface vesicu-
larity. Vesicularity can be used to infer pre-eruptive
conditions affected by the volatile content, emplace-
ment time, and internal structure of the flow. Although
factors such as vesicle size and the scattering physics of
reflected solar energy may complicate remote sensing
analyses, pumiceous textures produce significant varia-
tions in thermal emission spectra that are clearly distin-
guishable (Fig. 1).

The effect of silicic pumice textures on emitted ener-
gy has been explored by Ondrusek et al. (1993). Using
both high-resolution laboratory emission spectroscopy
and airborne TIR data of Little Glass Mountain, they
first showed that both coarsely vesicular pumice (CVP)
and finely vesicular pumice (FVP) have shallower spec-
tral features than does dense obsidian (OBS). This re-
duction in spectral contrast was attributed to progres-
sively more contamination by blackbody (absorption-
free) energy with increasing vesicularity. Using a simple
band ratio technique, they were able to distinguish FVP
from CVP. However, due to the low spatial resolution
of the data and the simplicity of the technique, no iden-
tification of OBS or quantitative estimation of vesicle
percentage was possible.

This paper describes our use of TIR remote sensing
and a recently developed analytical model (Ramsey
and Christensen 1998) to estimate the surface vesicu-
larity of the Little Glass Mountain rhyolite flow in
northern California. This approach lays the ground-
work for future real-time monitoring of active summit

domes and flows, which commonly appear as passive
precursors or postscripts to large explosive eruptions.

Geologic setting

Medicine Lake is a large Quaternary shield volcano
55 km east–northeast of Mount Shasta in northern Cal-
ifornia (Fig. 2). It is located behind the main axis of
Cascade stratovolcanoes in an extensional tectonic set-
ting. The overall morphology of the volcano is con-
trolled by voluminous older tholeiitic basalt flows
erupted around the flanks of the volcano as recently as
1.1 ka (Donnelly-Nolan 1988). More silicic calc-alkaline
lava flows began to appear in the past 4.3 ka and are
found mainly within or immediately surrounding the
summit caldera (Donnelly-Nolan et al. 1990). One of
the largest of these is the Little Glass Mountain (LGM)
flow, a 3.7 km3 chemically homogeneous rhyolite
(F74 wt.% SiO2) that formed approximately 1.1 ka
(Heiken 1978; Donnelly-Nolan et al. 1990). The LGM
flow is formed by two coalescing domes that have vent
orientations in line with a northeast-trending zone of
ground cracks and the Crater Glass (CG) flow vents
(Fink and Manley 1987; Donnelly-Nolan et al. 1990).
The CG flows consist of a series of six smaller domes
with a total volume of just over 1 km3. The composition
and age of the CG domes are indistinguishable from
LGM, and both eruptions are considered contempora-
neous (Heiken 1978).

The surfaces of these flows exhibit the three pumi-
ceous textures commonly observed on silicic flows in
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Fig. 2 TIMS-derived brightness temperature image of the Little
Glass Mountain (LGM) rhyolite flow and surrounding area, with
inset showing the flow’s location. Brighter regions (warmer tem-
peratures) in the image correlate to deformed CVP diapirs on the
flow and to the surrounding pumice plain. Darker areas are cooler
and correspond to surrounding vegetation, less vesicular FVP,
and dense microcrystalline lava on the flow

Fig. 3A, B Textural units described in text. A Hand samples of
FVP (left), OBS (middle), and CVP (right) collected from LGM.
B Typical exposures of two dark-colored CVP diapirs surrounded
by thin zones of OBS and large areas of light-colored FVP. Pho-
tograph taken at LGM flow with arrow denoting person for
scale

Fig. 4 SEM photomicrographs
of the primary pumice tex-
tures exposed on rhyolite flow
surfaces (OBS, FVP, CVP).
Note the different size, shape,
and connectedness of the vesi-
cles in FVP and CVP. These
factors influence the spectral
contrast of the thermal infra-
red absorption bands

addition to a late-stage, dense (F10% vesicularity) mi-
crocrystalline lava that was emplaced over the vent lo-
cations (Fig. 3). Variations in vesicularity on silicic
flows are caused in part by volatile distribution as well
as lava emplacement and cooling. Fink and Manley
(1987) examined drill cores through a young rhyolite
flow to delineate three primary vesicular textures based
on color and vesicle concentration: black obsidian
(OBS; 0–10 vol %), light-colored finely vesicular pu-
mice (FVP; 10–30 vol.%), and dark-gray coarsely vesic-
ular pumice (CVP; 40–70 vol.%). The upper surfaces of
rhyolite flows are commonly comprised of several me-
ters of FVP, which consists of small (~0.5 mm), non-
connected, jagged vesicles (Fig. 4; Fink 1983; Sampson
1987). Below the FVP is a zone of non-vesicular OBS,

which is also exposed in distinct layers along the flow
margins and adjacent to outcrops of CVP. The CVP
forms in response to volatile migration and bubble
coalescence due to shear during flow (Fink and Manley
1987). As a result, the vesicles are smooth-walled, dis-
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Fig. 5 A June 1981 Mount St. Helens lava dome (photo courtesy
of the USGS). Two different textures are evident on the active
lobe: a highly vesicular “scoriaceous” lava containing F50% ves-
icles, and a relatively non-vesicular “smooth” lava containing
~15% vesicles (Anderson and Fink 1990). B March 1992 Unzen
lava dome being emplaced at a steep angle. Numerous collapse
events of the dome were responsible for deadly pyroclastic
flows

torted, and much larger (1–10 mm) than those in FVP
(Fig. 4). Bubbles commonly form more than 50% of the
volume of CVP, leading to a density contrast with the
overlying OBS. This allows the CVP to rise buoyantly,
producing distinctive diapiric outcrops on the surface
surrounded by the pierced OBS layer (Fink 1983). The
diapirs range in size from F5 m to 11 km and are com-
monly deformed during the advance of the flow. Where
volatile migration and bubble formation occur rapidly,
diapiric rise gives way to rapid decompression and the
formation of explosion pits.

Recently active dacite and andesite domes also dis-
play variations in surface vesicularity, though not to the
extent of rhyolite (Fig. 5). For example, Anderson and
Fink (1990) mapped two distinct lava textures on the
Mount St. Helens’ dome following the 1980 eruption:
smooth (~15 vol.%) and scoriaceous (150 vol.%).
Similar textures were documented at Unzen volcano
during the dome growth phase (Nakata et al. 1995). As

in the case of Unzen, endogenous growth of lava domes
on steep slopes or with volatile-enriched interiors have
the increased potential of explosive collapse that might
initiate pyroclastic activity (Fink and Kieffer 1993). Be-
cause vesicularity can be used to infer variations in vo-
latile content on silicic flows, monitoring vesicularity
changes using remote sensing can provide the ability to
forecast the effects of renewed explosivity.

Spectral analysis and model

The prominent absorption bands (emissivity lows) in
thermal emission spectra of crystalline silicate minerals
occur between 7 and 11 mm and are caused by the vi-
brational harmonics of the Si–O bonds (Salisbury
1993). In general, the feature width is inversely propor-
tional to the degree of uniformity of the bond strengths
(Simon and McMahon 1953). These features are evi-
dent in the emission spectra of silicate glasses as well.
However, the rapid quenching of the melt results in a
lack of long-range structural order and randomness of
the silica tetrahedra. This alteration of the fundamental
structural makeup of a mineral due to vitrification
causes a broadening and widening of the absorption
bands together with the loss of most small-scale fea-
tures (Nash and Salisbury 1991; Ramsey et al. 1993).
Typically, glassy lavas will contain only two prominent
features in the 7- to 25-mm wavelength region (Fig. 1).
The first, a broad V-shaped absorption band spanning
8–12 mm, is attributed to the stretching vibrations of sil-
ica tetrahedra and is detectable within the Earth’s at-
mospheric window (8–13 mm). The second dominant
absorption band occurs from 20–25 mm, well outside
that window, and is therefore unavailable for remote
sensing purposes.

Although the reduction in contrast in pumice spec-
tra mimics the effects of simple addition of a blackbody
radiator, the behavior is more complex. Vesicles ex-
posed at the surface create cavities that are generally
many times the size of the emitted energy’s wavelength.
Therefore, photons are free to interact with one or
more cavity surfaces, undergoing multiple reflections
before being absorbed. Because the reflected energy
(R) is related to the emitted energy (ε ) such that Rp1-
ε , any amount of added reflected energy will increase
the emissivity at the absorption bands (Fig. 1) and thus
approximate an ideal (blackbody) radiator. A similar
phenomenon is observed in emission studies of fine
particle sizes, where emitted photons are able to inter-
act with progressively more reflecting surfaces (Ramsey
and Christensen 1998; Mustard and Hays 1997). If the
photon path is convoluted and the number of reflec-
tions high (as for pumice vesicles), the emitted energy
will contain very shallow absorption bands and can
therefore be approximated as the spectra of non-vesic-
ular glass plus blackbody.

On pumiceous surfaces, the intimate mixing of emit-
ted energy from glass and vesicles requires a quantita-
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tive technique more sophisticated than a band ratio in
order to separate the contribution of each. Assuming
the emitted energy from the glass and vesicles com-
bines linearly, then a least-squares (deconvolution)
model can be used to map the surface distribution and
percentage of vesicles for each textural unit. The pre-
mise that emitted thermal energy from multiple compo-
nents on a surface mixes linearly with respect to their
areal abundance has been validated by several authors
(Thomson and Salisbury 1993; Ramsey and Christensen
1998). This fundamental property of infrared spectros-
copy provides the means to identify the type and per-
centage of end members below the resolution of the
TIR instrument, assuming the spectra of those end
members are known (i.e., a spectral library). In this
case, vesicularity rather than mineralogy is being de-
rived by way of the blackbody end member. Spectra of
glassy flows throughout the western United States, Ha-
wai‘i, and Central America have been examined over
the course of this investigation. The data set is remark-
ably uniform, with variations in emission feature mor-
phology of less than F5%. This justifies the use of the
end-member spectra (Fig. 1) chosen for this study and
should allow a common glass end member to be used
for data of remote flows using ASTER.

The deconvolution algorithm linearly fits the end-
member spectra to the unknown pumice spectrum in
each pixel of the image to produce an end-member
abundance map, as well as a root-mean-squared (RMS)
error image. The RMS image is a measure of the misfit
of the model summed over the entire wavelength re-
gion and indicates areas of poor model fit. These are
regions not fit by the chosen end members and there-
fore investigated further or ignored if not of direct in-
terest.

Methodology

Samples from the LGM flow were collected during the
summers of 1993–1995. High-resolution laboratory
spectra of each were acquired at the Arizona State Uni-
versity Thermal Emission Spectrometer Laboratory
(Ruff et al. 1997). Data were taken from fresh and wea-
thered surfaces as well as at several different sample
orientations in order to quantify the magnitude of these
effects. The spectra shown in Fig. 1 were derived from
the 2-cm spot size of the spectrometer and were aver-
aged to represent the many different vesicle orienta-
tions present on the surface of the flow. The linear de-
convolution model, originally developed to detect mi-
neralogic variations (Ramsey and Fink 1994; Ramsey
and Christensen 1998), was adapted for use as a textu-
ral detection algorithm. Prior to image analysis, the
model was applied to the laboratory data and the re-
sulting vesicularity estimate, model fit, and error were
used to determine the accuracy and obtain a point of
comparison for the image results. The model-derived

Table 1 Vesicularity values of silicic pumice textures. OBS obsid-
ian; FVP finely vesicular pumice; CVP coarsely vesicular pumice;
n.d. not determined

OBS (%) FVP (%) CVP (%)

Previous work
Fink (1983)a n.d. ;30 ;50
Fink et al. (1992)b 0 30 20
Sampson (1987)c 0 ;30 650
This work
SEM analysis 0–5 25–42 37–54
Laboratory resolution 0 25–33 43–65
TIMS resolutiond 0 28–39 46–70

a Estimated values based on SEM photomicrographs
b Determined from SEM images of drill core samples of Obsidian
Dome, Long Valley, California. Low CVP value is the result of
bubble compression at the sample depth of approximately 18 m
c Average values from the Inyo Domes, Long Valley Caldera,
California
d Values determined from a nine-pixel average

vesicularity for the laboratory and TIR imagery was
also compared with previously published values and
SEM-derived averages (Table 1). The SEM photomi-
crographs shown in Fig. 4 were taken from samples col-
lected at Obsidian Dome, Long Valley Caldera, Cali-
fornia, from the same textural units as those at LGM.
Vesicularity values were estimated based on the per-
centage of void spaces in the upper 1 mm of each pho-
tomicrograph.

The remote sensing portion of this study used air-
borne data from the NASA Thermal Infrared Multis-
pectral Scanner (TIMS). The TIMS instrument is de-
signed to operate within the TIR atmospheric window,
collecting six spectral channels of emitted thermal ra-
diance from the ground surface and intervening atmos-
pheric column (Kahle and Goetz 1983). The resolution
of each image pixel depends on the aircraft altitude and
instrument field of view. The data presented here, with
a resolution of 10.4 m/pixel, were acquired in July 1989
from the same flight line used by Ondrusek et al.
(1993). Surface units, having different compositions or
textures and an areal extent smaller than the image re-
solution, are detected as one composite spectrum per
pixel. This spectrum also contains information on the
ground temperature and intervening atmosphere be-
tween the surface and sensor.

Several processing and calibration steps were per-
formed to reduce the data to the wavelength-depend-
ent surface emissivity. Atmospheric absorption was re-
moved using the MODTRAN radiative transfer model
with a standard mid-latitude summer profile (Berke et
al. 1989). Upon atmospheric correction, the calibrated
surface radiance is reduced to a combination of the
brightness temperature and emissivity. Using the emis-
sivity-temperature separation technique described by
Realmuto (1990), the data were divided into one
brightness temperature (Fig. 2) and six emissivity
images. As for the laboratory data, the emissivity de-
rived from the TIMS relates directly to surface proper-
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Fig. 6 Vesicularity maps of
LGM at A 10.4 m/pixel resolu-
tion (TIMS) and B 90 m/pixel
resolution (simulated ASTER)
derived from the linear decon-
volution of the emissivity
images. The areal percentage
of vesicles have been grouped
into color-coded ranges for
ease of viewing. Areas of red
and orange denote outcrops of
CVP, green and yellow corre-
spond to the more abundant
FVP, and blue and magenta
indicate OBS and dense mi-
crocrystalline lava. Boxed re-
gions show areas of high and
low vesicularity and are visible
in both data sets. On active
domes, regions of high vesicu-
larity have the increased po-
tential of subsequent explosive
eruptions and should be tar-
geted for intense monitoring
using ASTER

ties and serves as an input into the deconvolution mod-
el.

The laboratory-derived spectra (Fig. 1) were re-
duced to the six-point TIMS spectral resolution. With
the OBS and a blackbody serving as spectral end mem-
bers, the model was utilized to produce a vesicle-per-
centage image for the dome (Fig. 6). Average values
from areas of known surface texture were extracted
from this image and compared with the laboratory re-
sults and previously reported values. Finally, the image
was color coded based on narrow vesicularity incre-
ments and also degraded from 10.4 to the 90-m resolu-
tion of the TIR portion of ASTER. This allowed for an
estimate of the model’s suitability for future space-
borne monitoring.

Results

Using the OBS and blackbody spectra as end members,
the CVP and FVP laboratory spectra for all the sam-
ples were deconvolved (Table 1). Values for the FVP
range from 25 to 33% with an average of 29%. These
compare well with previous estimates based on petro-
graphy and also fall within the range calculated from
the SEM analysis. Model-predicted vesicularity values
for the CVP samples are 43 to 70% with an average of
59%. Upon visual inspection, the overall fit of the mod-
el-derived spectrum is excellent for all samples. This is
confirmed by examining the model error, which shows
very little wavelength-dependant deviation and an av-
erage RMS value of 0.51% emissivity. This is the same
order of magnitude as errors from mineral mixtures
taken under ideal conditions (Ramsey and Christensen
1998).

Depending on viewing geometry of a sample with
respect to the spectrometer, spectral features vary to a
small degree (~10%). This variation in the depth of
the features is due to a change in the ratio of vesicles to
glass detected by the spectrometer. The effect is most
prominent in samples with deformed and elongated
vesicles that present one surface of nearly pure glass
and another of mainly vesicles. For spectra of these
samples, lower model values (vesicularity underesti-
mates) were derived, because fewer vesicles and more
glass were observed. Because pure blackbody emission
is defined as Lambertian (radiation emitted equally in
all directions), the observed spectral change in these
samples indicates that the vesicles are not ideal black-
body emitters as postulated by Ondrusek et al. (1993).
The energy clearly has a preferred angle of emission
due to the reflected component within the vesicles.
However, because of the random orientation of vesicles
and blocks on the surface of a dome, this orientation
effect is minimized and not a significant factor in re-
mote sensing situations.

The same process translated to the TIMS data pro-
duced a vesicularity image map (Fig. 6). Shown in red,
the CVP distribution is clearly visible as elongate bands
on the southern and northwestern lobes. Along with
the interspersed FVP zones, these correspond well with
the maps of LGM presented in Fink and Manley (1987)
but show far greater detail. For example, mapping the
CVP distribution on a dome using only aerial photo-
graphs can be misleading, as both CVP and OBS are
dark in color and the gradational transitions between
CVP and FVP can be easily missed. This error is evi-
dent by comparing the amount of CVP (here defined as
pumice 146% vesicularity) determined by this method
with the values reported by Fink and Manly (1987).
They estimate CVP covering F31% of the surface of
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LGM and F20% of the Crater Glass domes to the
north, whereas this technique results in 19.4 and 38.6%,
respectively. Fink and Manley (1987) postulated that
the amount of CVP exposed on the surface correlates
with the overall size of the flow. However, based on the
results presented here, size clearly is not the only con-
trolling factor. The larger amount of CVP at the CG
domes may have been due either to an increased vola-
tile content or variations in the eruption rate or both.

The other primary surface textures are also detected
on LGM. Sub-pixel exposures of OBS (~5% vesicu-
larity) show up in the steep flow fronts and surrounding
the larger CVP diapirs. Also shown in blue is the glassy
dense microcrystalline lava (5–15% vesicularity) ex-
posed over the vent regions. The errors associated with
the model fit average less than 2% emissivity, indicat-
ing that the two textures were adequate to describe the
spectral characteristics of the LGM flow surface. Nine-
pixel averages were extracted from the image over dif-
ferent regions of the flow (Table 1). These values are
slightly higher than those from the laboratory data and
result from the degradation of the sharp spectral fea-
tures at the lower TIMS resolution. Where degraded to
the 90-m spatial resolution of the ASTER TIR spec-
trometer, the intricate detail of the flow’s surface tex-
ture is no longer visible (Fig. 6b); however, many of the
large-scale patterns are still evident. On active domes,
regions of high vesicularity (such as the outlined north-
west lobe) would clearly be detected and could be in-
tensively monitored for potential explosive activity.
The loss of detail can also be compensated to some de-
gree by using the 15 m/pixel ASTER visible data. Over-
laying the vesicularity maps onto the visible images and
the ASTER-derived digital elevation model (DEM)
product will serve to accurately locate sub-90 m textu-
ral changes (Ramsey et al. 1998).

Conclusion

The work presented here serves as a case study for the
applicability of this technique to estimate the vesicu-
larity of lava flow surfaces using thermal infrared re-
mote sensing. Based on laboratory studies of high-reso-
lution rhyolite pumice and glass spectra, the methodo-
logy was successfully translated to remote sensing data.
Because of the volume of published information, the
authors’ experience, and the availability of TIMS data,
Medicine Lake Volcano was chosen for this study. It
also serves as a potential analog for active domes and
flows without the complication of surface temperature
anomalies and active degassing.

Textural variations on the surfaces of silicic domes
and flows produce thermal infrared spectral differences
that are interpretable as linear combinations of only
two end members, glass and blackbody (Ramsey and
Fink 1997). This recognition allows a deconvolution
model to be applied in order to estimate surface vesicu-
larity. The areal percentage of blackbody-like vesicles

can be predicted, making the identification of textural
units possible, which in turn can lead to a better under-
standing of the dome’s emplacement and cooling. The
sensitivity of the model also allows for slight variations
in vesicle percentage within the same textural unit to be
resolved, in effect producing a micro-scale surface
roughness map. This approach appears to be valid for
young glassy rhyolite flows, based on the small model
errors and comparisons with other data sets.

This technique has the potential to be an extremely
important tool for hazard assessment on active lava
flows and can be used in conjunction with field work
and laboratory analysis of samples for detailed studies
of inactive flows. An understanding of the effects of dif-
ferent compositions on the model is important for other
investigations. Therefore, expansion of this work is un-
derway with image and field studies ongoing for the da-
cite lava domes at Medicine Lake and Mount St. Hel-
ens as well as for basaltic pahoehoe and a‘a flows at
Kilauea. For example, similar textural changes on the
dome of Mount St. Helens from 1980–1986 (Fig. 5) and
Unzen from 1993–1994 were used as indicators of erup-
tion rate and endogenic growth (Anderson and Fink
1990; Nakada et al. 1995). In addition, changes in the
vesiculation of pahoehoe flows have been used to esti-
mate the inflation potential of recent basaltic lavas
(Cashman and Kauahikaua 1997). Therefore, this tech-
nique could have far greater potential for use by inves-
tigators not directly involved with either remote sens-
ing or silicic dome studies.

In situ measurements of active silicic domes are im-
portant, but they can be hindered by heat and gas emis-
sion and the threat of future explosive eruptions. The
use of TIR remote sensing can help to mitigate these
personal hazards and provides valuable information on
changes in flow temperature and surface morphology.
A rapid analysis technique, such as the one presented
here, applied to future data from ASTER will aid in
determining the potential of subsequent eruptive activi-
ty at active volcanoes.
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