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and at different rates, so that color pictures created from vis­
ible to thennal infrared data depict flows at different stages 
of their development in different colors. The combined use 
of data in the two wavelength regions provides more infor­
mation than the use of either separately. These relation­
ships should prove useful in reconnaissance geologic map­
ping in volcanic fields in other arid or semiarid areas. 

4. REMOTE SENSING OF VOLCANIC S02 PLUMES 

4.1. Measurementtechnique 

The absorption spectrum of the sulfur dioxide (S02) 
molecule exhibits ultraviolet (UV), infrared (IR), and 
microwave bands that are amenable to remote sensing tech­
niques. All three of these absorption features have been 
used to measure S02 with passive ground-based, airborne, 
and spaceborne instruments. 

Dispersive correlation spectroscopy became the rust 
remote sensing technique to be widely applied to the study 
of volcanic plumes [cf Stoiber et al., 1983] using the 
portable correlation spectrometer, or COSPEC [Moffat and 
Milltin, 1971]. COSPEC instruments convert measure­
ments of the UV radiation transmitted through a volcanic 
plume into estimates of its S02 burden [Hamilton et al., 
1978; Hoff and Millan, 1981]. The collection of COSPEC 
measurements at volcanoes throughout the world has 
allowed volcanologists to estimate the annual volcanic con­
tribution to the global atmospheric S02 budget [cf 
Berresheim and Jaeschke, 1983; Stoiber et al., 1987] and 
recognize that a rapid change in the S02 flux from a vol­
cano can signal an eruption [i.e., Casadevall et al., 1981; 
Chartier et al., 1988; Malinconinco, 1979, 1987; Caltabi­
ano et al., 1994]. 

A correlation spectrometer can measure only a small 
portion of a plume; operators must either move the instru­
ment in traverses beneath plumes or occupy locations near 
vents and pan the field of view horizontally across plumes. 
Wind speed must be measured or known from other 
sources. The estimation of either S02 flux or spatial and 
temporal variations in the S02 contents of volcanic plumes 
can therefore involve considerable labor, logistical 
planning, and in some cases, personal risk. 

Satellite-based remote sensing techniques, employing 
the instruments such as the Total Ozone Mapping Spec­
trometer (TOMS) or the Microwave Limb Sounder (MLS), 
are largely free of the limitations imposed by field logistics 
and hazards. A major advance in the remote sensing of 
volcanogenic S02 occurred in 1983, when Krueger [1983] 
demonstrated that the S02 clouds from the eruption of EI 
ChicMn could be imaged, or mapped at a 50 km spatial 
resolution at nadir by TOMS. TOMS data have since been 
used to map the S02 clouds produced by the recent 
eruptions of Mauna Loa [Casadevall et al., 1984], Nevado 
del Ruiz [Krueger et al., 1990], Cerro Hudson [Doiron et 

al., 1991], Mount Pinatubo [Bluth et al., 1992a], and 
Mount Spurr [Bluth et al., 1992b]. In addition, the TOMS 
data archive (which dates back to 1979) has been used to 
estimate the contribution of explosive eruptions to the 
global S02 budget [Bluth et aI., 1993]. 

Read et al. [1993] showed that MLS data, acquired 
from the Upper Atmosphere Research Satellite (OARS), 
could be used to recover altitude profiles of the S02 clouds 
produced by the Pinatubo eruption. The MLS procedure is 
sensitive to S02 concentrations as low as 3 ppb(v). 

Realmuto et al. [1994] recently demonstrated that 
thermal IR image data could be used to map the S02 con­
tent of volcanic plumes. This technique was developed 
using TIMS data acquired at Mount Etna, Sicily on 26 July 
1986, when the estimated column abundance of S02 within 
the plume ranged from 1 to 17 g m-2 and the overall flux 
was estimated at 78 kg/so The TIMS-based estimation 
technique is based on the detection of a broad feature 
between 8 and 9.5 ~ in the absorption spectrum of S02. 
The maximum absorption is located at 8.5 ~m, and falls 
between the rust and second channels of TIMS. The esti­
mation procedure is based on radiative transfer modeling, 
which is used to fit the radiance observed by TIMS as it 
views the ground through an intervening S02 plume. 
Based on the data collected at Mount Etna in 1986, the 
TIMS-based procedure has an estimation error of approxi­
mately 15%. 

4.2. Applications to Mauna Loa eruption plumes 

The 1984 eruption of Mauna Loa began on 25 March 
and ended on 14 April [Lockwood et al., 1985; 
Smithsonian Institution, 1989; Casadevall et aI., 1984}. 
On the rust day of the eruption, the plume reached an 
altitude of approximately 11 km. The plume did not reach 
the stratosphere, since the tropopause was at an altitude of 
18 km. Between 27 March and 14 April 1984 the 
maximum altitude of the plume was less than 4.6 km. 
During this period the plume travelled westward at a rate of 
800 kmJd, reducing visibility at airports up to 5000 km 
away from Mauna Loa. 

The flux rates of S02 and C02 were determined with a 
series of airborne COSPEC and infrared analyzer surveys of 
the plume [Casadevall et al., 1984]. Between 2 April and 
14 April the flux of S02 ranged between 2200 and 6600 x 
1<P kg per day, while the flux of C02 ranged between 240 
and 1400 x 103 kg per day. Estimates of the S02 comumn 
abundance with TOMS indicated a maximum of approxi­
mately 2 g m-2 on 27 March. TOMS data were also used 
to estimate that the Mauna Loa plume contained 130,000 x 
103 kg of S02 on 26 March and 190,000 x 103 kg on 27 
March. 

S02 abundances in the 26 July 1986 Mount Etna 
plume were estimated to be as much as eight times higher 
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