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T h e  Mount St. Helens volcano eruption 
of 18 May 1980 sparked worldwide volcano 
curiosity because it was so well covered by 
the press. However, an event 1 week later 
really made the volcanologists take note- 
powerful earthquakes near Long Valley 
caldera in California. The eruption that 
produced this caldera 700,000 years ago 
had discharged 500 km3 of ash, not the 1 
km3 of Mount St. Helens. With the Cali- 
fornia event, three calderas around the 
world were all showing signs of being in un- 
rest-Rabaul (Papua New Guinea) had 
been restless for 9 years, and Campi Flegrei 
(Italy) for more than 1 year. Finally, on 19 
September 1994, Rabaul had the first erup- 
tion of these giants. 

James Mori, who had worked in Rabaul 
for 3 years, had warned us just 2 weeks be- 
fore the eruption that the volcanic activity 
had never declined to levels like those be- 
fore 1971 and one could not be surprised by 
an eruption at any time. Although not huge, 
the Rabaul eruptions were from a pair of 
volcanoes situated opposite one another on 
the edge of the caldera. Vulcan and Tavur- 
vur (see diagram) had erupted together once 
before, back in 1937 (1 ), and since 1971 
had been pressure cooker vents on the big 
structure that was showing more activity. 

PNG, as it is known by the few of us who 
have worked there, is a very special place for 
a volcano crisis. Its people speak about 700 
languages (not dialects) and live in widely 
different cultural settings. Rabaul is an eco- 
nomic center because the calderas (actually 
two or more interwoven with one another) 

reached 4 mm per day, which was almost 
exactly the same as that detected at Campi 
Flegrei and Long Valley. The Rabaul Vol- 
cano Observatory staff rushed to improve 
the network of seismic and deformation 
stations, assess the recent geologic evolu- 
tion of the caldera, and educate the popula- 
tion in hazard mitigation (2). Seismicity 
was recorded with sufficient quality to allow 
resolution of an elliptical annulus of 10 by 
4 km, marking the outward dipping struc- 
tural boundary of a magma body. The an- 
nulus appeared to be quite similar in posi- 
tion and shape to the caldera that erupted 
1400 years ago, with magma reaching to 
within 4 km of the surface (3). 

ed inflation that had begun after the 1937 
eruption and provided a potentially quanti- 

Rabaul, Long Valley, and- Campi 
Flegrei focused attention on how 
poorly we understood precursors of big 
caldera-scale eruptions. Newhall and 
Dzurisin (9) put together a collection 
of information on how 138 large Qua- 
ternary calderas have shown 1299 his- 
toric e p d e s  of unrest. Welldocumen- 
ted unrest had taken place at 94 
calderas, which had erupted within 
the past 30 years, and of these 45 cul- 
minated in eruptions. On the basis of 
threatening activity at those calderas 
with no eruptions within the past 100 
years, only 10 of the 60 examples had 
led to eruptions. 

Des~ite the uncertainties of when 

fewer than a dozen people died and more 
than 50,000 evacuated, almost by them- 
selves, because of the science and emer- 
gency simulations organized by the observa- 
tory over the past decade. 

The events of Rabaul have taught some 
important lessons. A crisis began on 25 
September 1983 as 1500 earthquakes were 
felt and the ground deformation acceler- 
ated. By April 1984, uplift of Matupit Is- 
land (close to the center of the caldera) 

- 
was arriving at shallow levels within the 
caldera over decades or centuries (5). The 

form a deep, sheltered harbor on the Bis- 
marck Sea. The 1937 eruption had killed I 
about 500 people, and since then the popu- 
lation has grown substantially. This disaster I 

The author is in the Department of Geology, Box 
871404, Arizona State University, Tempe, AZ 85287- 
1404, USA. 

tative measure of the rates at which magma 

. . 
fundamental question remained-what scale 
eruption may happen? Studies of the gases 
emitted from hot springs and volcanic fu- 
maroles in the caldera and individual vol- 
canoes showed that the 3H/4He ratios and 
carbon isotopes were consistent with magma 
from predominantly mantle sources (6).  Gases 
from Campi Flegrei caldera have never had 
a clear mantle signature (7), and Long Val- 
ley has, interestingly, gone through two dif- 
ferent gas periods, with the changes of the 
last few years showing more significant 
mantle input to the activity (8). 

International volcanologists expected 
"the big eruption" to take place in Rabaul at 
any time, with the observatory alert system 
in stage 2-that is, an eruption likely 
within the next few weeks to months of the 
mid-1980s. The potential for eruptions of 

and how big, the Rabaul Volcano Ob- 
servatorv was able to educate the local 
population. Maps, published in three 
different languages and widelv distrib- 

I uted, depicte> Lzards in a siAple for- 
mat. Chalk boards were put on store 

I fronts and frequently updated mes- 
sages of "volcano information" were 

I distributed, along with privately pub- 
lished news sheets, to minimize confu- 

Restless giant. A recent view of the Rabaul volcano. sion of residents or sensationalism by 
the media. Evacuations were simulat- 

Geological mapping, aimed at assess- ed, as tests and plans were upgraded (10). 
ment of nature, volume, and frequency of For the eruption, Rabaul behaved as it 
eruptions, improved the general picture of should, and capable of surprises. De- 
these big eruptions, but quantitative mod- formation and seismicity did not change 
els were difficult because few good samples over the last months. In retrospect, one can 
of charcoal fragments in rock de~osits were see that the last 27 hours before the erup- - 
available and absolute ages were rarely ob- tions began were unusual. However, after 
tained (4). Recent uplift of the caldera was the 18 September earthquake, the shore- 
especially obvious because it brought well- line around Vulcan was observed to uplift 
developed reefs out of the water and pro- by (nearly) 6 m in the final hours before 
duced "bath tub rings" visible over large ar- the eruption. The historic eruption of 
eas of the harbor. Research by staff at the ob- Campi Flegrei, in 1538, was preceded by al- 
servatory revealed that the rings represent- most exactly the same intensely rapid and 
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earthquake and eruption. 
Our measurements con- 
firmed an increase of about 
an order of magnitude in 
SO2 gas release, as com- 
pared to our measurements 
in 1983 and 1989. So, 
Rabaul's earthquakes, which 
triggered the eruption, 
may have shaken bubbles 
in an oven and versis- 
tently active but distant 
basaltic volcano that caused 
it to emit a much greater 
flux of gases, which can 

) move more freely than 
those in Long Valley, an 
old and very viscous rhy- 
olitic magma body. The irn- 
plication is that very ac- 
tive volcanoes can be eas- 
ily pushed over the edge 
into eruptive activity be- 

I cause of simple triggers. -- I Calderas are- huge, and 
0 

600 'Ooowes because we have little di- - 
0 500 1OOOKikmeters rect ex~erience with Dre- 

Perspective view of region, with sea floor and subaerial topography shown schematically. The two simultaneously monitory activity associ- 
erupting volcanoes, Vulcan and Tavurvur, are shown with the new crater that was produced by the eruption on Vulcan. ated with the large-volume 
Rabaul town, with approximately 30,000 residents, lies at the northern edge of the harbor, which is about 11 km from eruptions, it is not easy to north to south. Red open symbols are earthquake hypocenters, which were used to annulus of magma body. [Adapted 
from T. R. Alpha and H. G. Greene (16) and J. J. Mori and C. 0. McKee (3)] write off the hazards. 
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