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Abstract

The Pu‘u ‘Ö‘ö-Küpaianaha eruption on the east rift zone 
of Kïlauea Volcano, Island of Hawai‘i, began on January 3, 
1983. The early years of the eruption are vividly remembered 
for lava fountains as high as 470 m that erupted episodically 
from the Pu‘u ‘Ö‘ö vent. For the last 16 year, however, the 
activity has been dominated by near-continuous effusion, low 
eruption rates, and emplacement of tube-fed pähoehoe flows. 
The change in eruptive style began when the activity shifted 
to the Küpaianaha vent in mid-1986, and has continued since 
the eruption returned to flank vents on Pu‘u ‘Ö‘ö in 1992. 
To date, the total volume of lava erupted, 2.1 km3, accounts 
for about half the volume erupted by Kïlauea in the past 160 
years. This chapter includes a selected bibliography winnowed 
from the more than 1,000 reports and abstracts published 
about this eruption.

Introduction

The Pu‘u ‘Ö‘ö-Küpaianaha eruption of Kïlauea Volcano, 
Island of Hawai‘i (fig. 1), ranks as the most voluminous out-
pouring of lava on the volcano’s east rift zone in the past 6 
centuries. By the beginning of 2002, more than 2 km3 of lava 
had been erupted, covering an area of 105 km2 on the volca-
no’s south flank and adding 210 ha of new land to the island. 

Since the eruption began, lava flows have repeatedly 
invaded communities on Kïlauea’s south coast, destroying 186 
houses and a visitor center in Hawai‘i Volcanoes National 
Park (fig. 1A). The composite flow field spans 14.5 km at the 
coastline, forming a lava plain 10 to 35 m thick. 

The eruption has progressed through three main epochs: 
31⁄2 years of episodic fountaining, mainly from the Pu‘u ‘Ö‘ö 
central vent, producing a cinder-and-spatter cone and ‘a‘ä 
flows; 51⁄2 years of continuous effusion from the Küpaianaha 
vent, creating a lava shield and tube-fed pähoehoe flows; and 
more than 11 years (as of January 2003) of nearly continuous 
effusion from flank vents on Pu‘u ‘Ö‘ö, again creating a lava 
shield and tube-fed pähoehoe flows. 

This chapter provides a brief overview of the Pu‘u ‘Ö‘ö-
Küpaianaha eruption, followed by general observations on 

eruptive phenomena that have spanned most of the eruption, 
with emphasis on topics not covered elsewhere in this volume. 
The final section of this chapter is a selected bibliography 
culled from the more than 1,000 publications pertaining 
directly to the eruption. 

Eruption Chronology
Setting the Stage 

Before the Pu‘u ‘Ö‘ö-Küpaianaha eruption, Kïlauea’s 
longest rift zone eruption in the past 2 centuries was at 
Mauna Ulu (fig. 1A), which erupted on the upper east rift 
zone in 1969–74 (Swanson and others, 1979; Tilling and 
others, 1987). The site of the current eruption, on the middle 
east rift zone, was host to several eruptions from 1963 to 
1969, all of them short-lived. After the M7.2 earthquake 
in 1975 on Kïlauea’s south flank, magmatic activity in the 
middle east rift zone was dominated by intrusions. A total of 10 
intrusions and a single brief eruption occurred in this section 
of the rift zone between 1977 and 1980 (Dzurisin and others, 
1984; Klein and others, 1987). Leveling and geoelectric mea-
surements in 1979–80 identified an intrusive body within 
100 m of the eventual site of Pu‘u ‘Ö‘ö (Jackson, 1988). 
Three intrusions into the upper east rift zone from Septem-
ber through December 1982 (Jackson, 1988; Koyanagi and 
others, 1988; Okamura and others, 1988) may have primed the 
magmatic system for the January 1983 intrusion.

January 1983–April 1983 (Episodes 1–3):
Fissures Erupt and Pu‘u Halulu Forms

The eruption began on January 3, 1983, after a 24-hour-
long seismic swarm propagated down Kïlauea’s east rift zone 
at the leading edge of a basaltic dike. The initial outbreak was 
from a fissure in Näpau Crater, within Hawai‘i Volcanoes
National Park (fig. 1A). Over the next 4 days, fissures exten-
ded nearly 8 km northeastward along a remote section of the 
east rift zone (Wolfe and others, 1988). 
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Figure 1. Summit and east rift zone of Kïlauea Volcano, Island of Hawai‘i, showing development of Pu‘u ‘Ö‘ö-Küpaianaha 
flow field. A, Flows emplaced during 2 centuries before 1983 and flows erupted from January 3, 1983, through July 18, 1986. 
B (facing page), Flows emplaced as of February 1, 1997. C, Flows emplaced as of March 2002. Composite flow field has covered 
much of the same ground many times. In particular, episode 55 flows have buried most of episodes 50–53 flow field and parts of 
episodes 1–48 flow fields.
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Effusion then became localized along a 1-km-long seg-
ment of the fissure system south of Pu‘u Kahauale‘a. This 
segment included the “1123 vent,” later renamed Pu‘u Halulu, 
which was the main locus of eruptive activity during episodes 
2 and 3 (table 1). Fountains from Pu‘u Halulu built a small 
(60 m high) cinder-and-spatter cone, the only substantial 
vent structure formed during this eruption, aside from Pu‘u 
‘Ö‘ö and Küpaianaha. The vent later named “Pu‘u ‘Ö‘ö” first 
erupted during episode 2.

June 1983–June 1986 (Episodes 4–47): 
Episodic High Fountaining at Pu‘u ‘Ö‘ö

Pu‘u ‘Ö‘ö made its solo debut in June 1983 (episode 4) 
and was the primary vent for the next 3 years. The eruption 
assumed an increasingly regular schedule, with brief (mostly 
less than 24 hour long) episodes, separated by repose peri-
ods averaging 24 days in length. These eruptive episodes 
were characterized by high effusion rates and spectacular 

lava fountains that reached a height of 470 m (fig. 2). Effu-
sion rates (averaged over the length of an episode) increased 
through episode 39, reaching a maximum of 1.4x106 m3/h 
(George Ulrich, unpub. data, 1986). Fountain heights gradu-
ally increased through episode 23 and were at a maximum 
during episodes 24 through 30 (table 1). Fallout from the 
fountains built a cinder-and-spatter cone 255 m high and 
1.4 km in diameter at its base. 

Tiltmeters recorded cycles of gradual inflation of Kïlau-
ea’s summit between eruptive episodes and rapid deflation, 
averaging 13 µrad, during fountaining episodes. The deflation
was accompanied by high-amplitude tremor both at the sum-
mit and on the east rift zone. As the summit reinflated during 
repose periods, the rift zone was slowly repressurized, causing 
extension and uplift across the rift zone near the vent (Hoff-
mann and others, 1990). During the same interval, the magma 
column gradually rose within the Pu‘u ‘Ö‘ö conduit, becom-
ing visible within days to weeks after an eruptive episode.

The style of the eruption at Pu‘u ‘Ö‘ö progressively 
changed through its first year from low fountains and pähoehoe
rivers to high fountains and ‘a‘ä fans. Episodes 4 through 19 
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(June 1983–May 1984) were characterized by channeled 
pähoehoe flows that spilled from a lava pond at the base of 
the fountains (Wolfe and others, 1988). These fluid rivers 
carried most of the lava away from the cone before making 
the transition to ‘a‘ä 1 to 2 km from the vent. 

Beginning in episode 20 (June 1984), fountain-fed ‘a‘ä 
flows became the norm, mainly because of a substantial 
increase in fountain heights. During the early Pu‘u ‘Ö‘ö 
episodes, fountain heights rarely exceeded 250 m, but during 
episodes 20 through 39, fountains consistently reached 
heights greater than 300 m and, during about half of these 
episodes, greater than 400 m. Flows were fed directly by 
fallback from the fountains, resulting in lava with a higher 

viscosity and yield strength, owing to the loss of heat and 
volatile components (Sparks and Pinkerton, 1978). When 
sustained fountain heights decreased during episodes 42 
through 47 in 1986, channeled pähoehoe flows were obser-
ved once again. 

From January 1983 through mid-1986, lava flows cov-
ered an area of 42 km2 (for detailed maps, see Wolfe and 
others, 1988; Heliker and others, 2001). Flows soon threat-
ened the sparsely populated Royal Gardens subdivision, 
located on a steep slope 6 km from the vent (fig. 1A). ‘A‘ä 
flows reached the subdivision in as little as 13 hours during 
several eruptive episodes and destroyed 16 houses in 1983 
and 1984 (Wolfe and others, 1988). 
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Figure 3. Overflows from Küpaianaha lava pond quickly 
built a lava shield. View southwestward; photograph taken 
November 24, 1986. 

Figure 2. Spectacular lava fountain, 450 m high, erupts from 
the Pu‘u ‘Ö‘ö vent during eruptive episode 25. View southwest-
ward from Pu‘u Halulu; photograph taken September 19, 1984.
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frequent overflows built a broad, low shield 1 km in diameter 
and about 56 m high (fig. 3). 

After weeks of continuous eruption, the main channel 
leaving the pond gradually evolved into a lava tube as crust at 
the sides of the channel extended across the lava stream, form-
ing a roof. By the end of 1986, this tube became a persistent 
outlet to the pond; thereafter, the pond rarely overflowed, and 
shield growth declined. 

A broad field of tube-fed pähoehoe spread slowly toward 
the coast, 12 km to the southeast, taking 3 months to cover 
the same distance that ‘a‘ä flows from Pu‘u ‘Ö‘ö traveled in 
less than a day. Inflated pähoehoe sheet flows dominated the 
composite flow field on the low-angle slope near the coast 
(Hon and others, 1994; Kauahikaua and others, 1998 and this 
volume). Over the next 5 years, the Küpaianaha flow field 
covered an area of 41 km2 (fig. 1B).

Late in November 1986, flows reached the ocean for the 
first time during this eruption, cutting a swath through the 
community of Kapa‘ahu (fig. 1B) and closing the coastal 
highway. A few weeks later, the lava took a more easterly 
course and overran 14 homes on the northwest edge of Kala-
pana in a single day. This flow abruptly stagnated when the 
tube became blocked near Küpaianaha. 

From mid-1987 through 1989, most of the lava that 
erupted from Küpaianaha flowed through lava tubes to the 

Eruptions from fissures or discrete vents on or near the 
base of the Pu‘u ‘Ö‘ö cone accompanied nine of episodes 4 
through 47. Most of these vents opened just before, or concur-
rently with, the start of high fountaining from the main Pu‘u 
‘Ö‘ö vent, and most died within a few hours once fountaining 
relieved some of the pressure on the magmatic system. Epi-
sode 35 was a conspicuous exception: a fissure on the uprift 
flank of the cone erupted early in the episode, propagated 2.5 
km uprift after the high fountaining ended, and then erupted 
for the next 16 days. 

July 1986–February 1992: Continuous 
Effusion from Küpaianaha

On July 18, 1986, the conduit beneath Pu‘u ‘Ö‘ö rup-
tured, and lava was erupted through new fissures at the base 
of the cone. Fissures A and B of episode 48 were active for 
only 22 hours, but fissure C, which opened 3 km downrift of 
Pu‘u ‘Ö‘ö on July 20, evolved into a single vent, later named 
“Küpaianaha” (fig. 1B). This event marked the end of the 
beginning of 51⁄2 years of nearly continuous, quiet effusion 
(the main phase of episode 48). A tadpole-shaped lava pond, 
140 by 300 m in diameter, formed over the new vent, and its 



Figure 4. Steam plumes 
mark sites where lava flows 
from Küpaianaha enter ocean 
on Kïlauea’s south coast. 
Line of fume to right of 
Küpaianaha reveals trace of 
tube feeding lava to coast. 
Streets of Royal Gardens 
subdivision, which lie on 
steep slope below vents, are 
partly covered by ‘a‘ä flows 
from Pu‘u ‘Ö‘ö. Photograph 
taken December 28, 1987.

Figure 5. Percentage of days per year when lava entered ocean (black bars) since flows from Küpaianaha first 
reached coast in November 1986, and area of new land created (shaded bars). Greatest area of new land formed dur-
ing 1990 and 1993, when flows filled two largest embayments on coastline, at Kaimü and Kamoamoa, respectively. 
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sea, a distance of 12 km (fig. 4). The long-lived lava-tube 
system extending from the vent to the ocean began to break 
down in spring 1989, and lava flows encroached on new 
territory, overrunning the Waha‘ula Visitor Center in Hawai‘i 
Volcanoes National Park. 

In March 1990, the eruption entered its most destructive 
period to date when the flows turned toward Kalapana, a 
village on the flat coastal plain 12 km southeast of Küpaia-
naha (fig. 1B). Over the next several months, a succession of 
pähoehoe sheet flows inundated the community (Mattox and 
others, 1993; Heliker and Decker, in press). Lava reached the 
sea at Kaimü and filled the shallow bay, extending the shore-
line 300 m seaward. In May 1990, a Federal Disaster Declara-
tion was issued for Kalapana and all other areas previously 
affected by the eruption. 

In late 1990, a new tube diverted lava away from Kala-
pana and back into the national park, where flows once again 
entered the ocean. During Küpaianaha’s tenure, from 1986 to 
1992, lava entered the ocean approximately 68 percent of the 
time (fig. 5), creating about 130 ha of new land.

Although Pu‘u ‘Ö‘ö did not produce any lava flows 
during the 51⁄2 years that Küpaianaha erupted, Pu‘u ‘Ö‘ö 
remained actively linked to the conduit that fed magma from 
Kïlauea’s summit to Küpaianaha. Beginning in June 1987, 
repeated collapses over the Pu‘u ‘Ö‘ö vent formed a crater 
approximately 300 m in diameter. A lava pond began to 
appear intermittently at the bottom of the crater in 1987; by 
mid-1990, the pond was present most of the time. 

Except for a week-long pause in the eruption in 1988 
(table 2), lava effusion from Küpaianaha was continuous
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Table 2. Eruptive pauses, intrusions, surges, and large earthquakes, 1983–2001. 

[Start and end times for episodes in italics. Tilt plots for the 1990 pauses were reexamined, and start and stop times for pauses were picked in a manner consistent with current 
practice: in general, pause starts at bottom of brief interval of steep deflation at summit and ends at top of intervening summit inflation. Last three pauses originally reported for 1990 
(Heliker and Wright, 1991; Mattox and others, 1993) were omitted, because, although instrumental signature resembled those of earlier pauses, we had insufficient evidence 
that eruption actually stopped. Start and stop times for intrusions and magmatic surges are based solely on beginning and end of period of elevated seismicity at summit. Seismicity 
tends to tail off gradually, and so end time is much more uncertain than start time. Deformation and eruptive changes associated with these events continue much longer than seis-
micity. All earthquakes of M>5.5 since 1983 are listed, along with two smaller earthquakes near vent that may have affected eruptive activity.]
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Table 2. Continued.
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until 1990. From February through August 1990, nine 
pauses, lasting from less than 1 to 3 days, interrupted the 
steady effusion of lava. 

The 1990 pauses accelerated the demise of the Küpaia-
naha lava pond, which had been gradually diminishing in 
size since late 1987. During the first pause, the pond drained 

to a depth of 35 to 40 m. When the eruption resumed, the pond 
partly refilled, but a broad, inner ledge reduced its diameter to 
50 m. After subsequent pauses, the shrinking pond was active 
for a few days when the eruption restarted, and then crusted 
over. Shortly after the sixth pause in June 1990, the lava pond 
crusted over for good. 

Table 2. Continued.



Figure 6. The cone of Pu‘u ‘Ö‘ö. Spatter cones on skyline 
to left mark site of episode 51 vents. Lines across lower part 
of cone are foot trails. View northward; photograph taken 
December 15, 1992.

Figure 7. Lava flow beginning to fill bay at Kamoamoa on 
November 12, 1992. Narrow flow has not yet covered picnic 
ground visible on near side of flow. Dark flows in distance are 
from Küpaianaha. 
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The lava output from Küpaianaha began to decrease in 
mid-1990 and steadily declined through 1991 (Kauahikaua 
and others, 1996). This change also was probably triggered by 
the frequent pauses, which induced cooling and constriction in 
the conduit between Pu‘u ‘Ö‘ö and Küpaianaha (Mangan and 
others, 1995; Kauahikaua and others, 1996). Concurrently, the 
level and activity of the Pu‘u ‘Ö‘ö lava pond rose. 

In response to pressurization of the magmatic system 
uprift of Küpaianaha, fissures opened on the northeast flank 
of Pu‘u ‘Ö‘ö in November 1991 and quickly propagated 2 
km downrift to the base of the Küpaianaha shield. The down-
rift end of the fissure system erupted for 3 weeks (episode 
49), creating a channeled flow that extended 6.5 km along 
the western margin of the Küpaianaha flow field (Mangan 
and others, 1995). Küpaianaha continued to erupt during this 
event, but its output waned. By February 7, 1992, the Küpaia-
naha vent was dead.

1992–96: The Return to Pu‘u ‘Ö‘ö

Ten days after Küpaianaha died, the eruption returned to 
Pu‘u ‘Ö‘ö. Lava erupted in low fountains along a radial fissure 
on the west flank of the massive cone (episode 50). New flank 
vents opened nearby in March 1992 (episode 51), October 
1992 (episode 52), and February 1993 (episode 53; Heliker 
and others, 1998a, b). As at Küpaianaha, the style of the erup-
tion was nearly continuous, quiet effusion. Flows from the 
flank vents quickly built a lava shield that banked up against 
the south and west slopes of Pu‘u ‘Ö‘ö. Spatter cones formed 
over the initial fissure vents (fig. 6), and during the first 4 
months of episode 51, a tube from one of these cones fed a 
perched lava pond.

By July 1992, new lava tubes formed that bypassed the 
perched pond. Within a few months, the active vents were 
completely crusted over, feeding directly into tubes. Tube-fed 
pähoehoe flows gradually advanced toward the coastal plain. 
In November 1992, flows crossed Chain of Craters Road in 
Hawai‘i Volcanoes National Park and entered the ocean at 
Kamoamoa, an archeological site and campground 11 km from 
the vents (figs. 1B, 7). From the end of 1992 through January 
1997, tubes fed lava to the ocean almost continuously, form-
ing approximately 93 ha of new land. Surface breakouts from 
the lava-tube system broadened the new flow field, which was 
mostly contained within the national park. 

During the first year of flank-vent activity at Pu‘u ‘Ö‘ö, 
the eruption was erratic, with frequent pauses, multiple vents,
and two intrusions on the upper east rift zone (table 2; fig. 8). 
Once episode 53 began in late February 1993 (fig. 9), no 
more pauses occurred for a year. Pauses resumed in March 
1994, with a series of 15 pauses that continued through 
November 1996. 

By 1993, the shield produced by the flank vents was 
pockmarked with collapse pits, which formed as lava tubes 
eroded vertically as much as 29 m through the thick depos-
its of tephra on the downwind side of the Pu‘u ‘Ö‘ö cone 
(Heliker and others, 1998b). The level of the magma column 

in the vents feeding the tubes dropped in tandem with the 
downcutting tubes. As the magma column in the vents 
dropped, so did the level of the pond in the Pu‘u ‘Ö‘ö crater 
(fig. 10), demonstrating the hydraulic connection between 
the flank vents and the crater’s pond. The downcutting tubes 
and the drop in elevation of the magma column beneath the 
flank vents opened voids that undermined the west side of 
the Pu‘u ‘Ö‘ö cone.

In addition to the collapse pits on the shield, pits formed 
on the side of the Pu‘u ‘Ö‘ö cone upslope of the flank vents. 
The largest of these features, known as the “Great Pit,” had 
engulfed most of the west flank by the end of 1996 (see 
Heliker and others, this volume). 



Figure 8. Timeline showing pauses, intrusions, and eruptive surges during Pu‘u ‘Ö‘ö-Küpaianaha 
eruption, from 1990 through 2001.
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Figure 10. Throughout early 1990s, lava pond in the Pu‘u 
‘Ö‘ö crater was typically circular and occupied east end of the 
crater. Depth to crater floor is 37 m, and pond is about 80 m 
in diameter. Photograph by M.T. Mangan, taken from north 
rim of crater on April 16, 1992.

Figure 9. Episode 53 vent on southwest flank of the Pu‘u 
‘Ö‘ö cone. Photograph taken February 21, 1993, 1 day after 
vent began erupting.
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January 1997: Cone Collapse and
Fissure Eruption

On the night of January 29, 1997, the conduit leading 
from the summit reservoir to Pu‘u ‘Ö‘ö was depressurized 
as magma was diverted to an intrusion uprift of Pu‘u ‘Ö‘ö 
(Owen and others, 2000; Thornber, 2001; Thornber and 
others, in press). In rapid sequence, the Pu‘u ‘Ö‘ö conduit 
drained, the crater floor dropped about 150 m, and the west 
flank of the cone collapsed, producing a plume of red rock 
dust that blanketed an area of more than 4 km2. When the 
dust settled, Pu‘u ‘Ö‘ö had a nearly vertical walled crater 
210 m deep, and the Great Pit had been replaced by a 115-
m-wide gap in the west flank of the cone. The height of the 
cone was reduced by 34 m. 

A few hours later, fissures began to erupt in, and down-
rift of, Näpau Crater, 4 km uprift of Pu‘u ‘Ö‘ö (figs. 1C, 11). 
The fissure eruption (episode 54) lasted less than a day and 
was notable for producing lava with the first major differen-
ces in whole-rock chemistry in the eruption since 1985—a 
result of the dike incorporating older magma stored within 
the rift zone (Thornber, 2001; Thornber and others, in press). 
Episode 54 was also the first fissure eruption to occur since 
continuous Global Positioning System (GPS) monitoring 
of the east rift zone began, resulting in a detailed geodetic 
record of dike emplacement (Owen and others, 2000; Segall 
and others, 2001). 

February 1997 to Present: Eruption of 
Pu‘u ‘Ö‘ö Flank Vents Resumes

Episode 54 was followed by the longest eruptive hiatus in 
more than 10 years. Twenty-four days passed before episode 
55 began on February 24, 1997, when lava rose through the 
rubble on the floor of the crater to form a new pond. Lava first 
erupted outside the crater on March 28, after the pond had 
risen to within 50 m of the crater rim. Over the next 3 months, 
several new vents opened on the west and southwest flanks 
of the cone (see Heliker and others, this volume). As during 
episodes 50 through 53, the new flank vents initially formed 
spatter cones (fig. 12) and fed short surface flows onto the 
shield. Within weeks, however, each vent crusted over and fed 
lava directly into tubes rather than to surface flows. Before all 
the vents sealed over, the episodes 50–55 shield grew rapidly. 
By the end of 1997, the shield was about 80 m high and 0.8 by 
1.8 km wide.

In April 1997, the active lava pond in the Pu‘u ‘Ö‘ö crater 
was replaced by a single vent on the west side of the crater. 
Flows from this vent intermittently ponded at the crater’s east 
end. In June 1997, the lava rose until it overtopped the gap in 
the west wall of Pu‘u ‘Ö‘ö formed by the January 1997 col-
lapse. Lava spilled from the crater for the first time in 11 years 
(fig. 13). Subsequent crater overflows in 1997 also overtopped 
the east crater rim and extended as far as 1.5 km downrift. 
The spillovers were brief events, ending when the lava pond 



Figure 11. Fuming fissures and fresh black pähoehoe mark 
episode 54 fissures, which stopped erupting a few hours before 
photograph was taken on January 31, 1997. Pu‘u ‘Ö‘ö, in back-
ground, is tinted red from rock dust deposited during collapse 
of crater floor and west side of cone.

Figure 12. Episode 55 flank vent, viewed from the west 
slope of Pu‘u ‘Ö‘ö. Lava from spatter cone is feeding lava pond 
to left. Photograph taken April 24, 1997.
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April–May 2002; lava flows floored the shield part of the pit 
on both occasions. By mid-2002, Puka Nui was 180 by 200 m 
in diameter, and headward erosion of the upper edge of the pit 
had carved a notch in the rim of the cone. 

A total of 31 pauses had interrupted episode 55 as of May 
2002 (fig. 8), two-thirds of which occurred during the first 2 
years of the episode. The latest pause was in December 2000. 

Long-Term Observations
Effusion and Magma-Supply Rates

The estimated long-term effusion rate averaged over the 
first 19 years of the Pu‘u ‘Ö‘ö-Küpaianaha eruption is about 
0.12 km3/yr (dense-rock equivalent; using methods given in 
table 1. Sutton and others (this volume) average VLF-and 
SO2-emission-derived efusion rates to obtain 0.13 km3/yr.) Tilt-
meters at Kïlauea’s summit have recorded long-term deflation 
during the eruption (see Cervelli and Miklius, this volume), 
indicating that nearly all the magma entering the shallow 
summit reservoir passes through it to the eruption site. Accord-
ing to several workers who have used geodetic data to model 
long-term deformation of Kïlauea’s south flank, however, the 
effusion rate does not approximate the full magma-supply rate 
(Delaney and others, 1993; Owen and others, 1995; Cayol 
and others, 2000). Their models invoke an extensional source 
within the deep rift zone that requires diversion of a significant 
proportion of the magma supply to fill the space opened by 
this source. Depending on the details of the source geometry, 
this component of the magma supply rate has been variously 
estimated at 0.025 km3/yr (Delaney and others, 1993) and 0.06 
km3/yr (Owen and others, 1995). Added to the effusion rate, 
these estimates give a magma-supply rate of 0.15 to 0.18 km3/
yr over the course of this eruption. 

Alternative models (both old and new) for south-flank 
deformation do not include a deep rift-zone source (for 

drained through conduits in the crater floor. Crater overflows 
continued intermittently through January 1998 and plated the 
west gap and east flank of the cone with fresh pahoehoe. 

From February 1998 through 2001, eruptive activity 
within the crater dropped to its lowest level since early 1990, 
relieved only by a 2-month interval of spattering and extrusion 
of small flows after a pause in September 1999. In early 2002, 
crater activity again became conspicuous, with multiple vents 
contributing lava flows that resurfaced the crater floor and 
raised its level to within 10 m of the east rim (fig. 14). 

Tube-fed flows from the episode 55 flank vents reached 
the ocean in July 1997 near the east boundary of Hawai‘i Vol-
canoes National Park. Episode 55 flows have subsequently 
buried much of the episodes 50–53 flow field (fig. 1C). In 
early 2000, flows crossed the east boundary of the park and 
encroached on private property. During the next 2 years, lava 
overran five abandoned houses in Royal Gardens subdivision, 
bringing the total number of structures destroyed by this erup-
tion to 189 by the end of May 2002. 

Flank-vent activity continued to undermine the Pu‘u ‘Ö‘ö 
cone during episode 55. In December 1997, a new collapse pit, 
Puka Nui, formed on the southwest flank of the cone. During 
the next year, Puka Nui expanded rapidly by coalescing with 
pits on the adjacent shield. Several spatter cones formed 
within Puka Nui in September–October 1999 and again in 



Figure 13. Lava from crater of Pu‘u ‘Ö‘ö flows through west 
gap in cone. View eastward; photograph by J.P. Kauahikaua, 
taken October 20, 1997. 

Figure 14. Crater of Pu‘u ‘Ö‘ö. Fume rises from several vents 
on crater floor, which is covered with pähoehoe erupted in 
2002. View westward; photograph taken April 11, 2002.
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example, Douglas and Cervelli, 2002). If these models are 
correct, then the effusion rate during sustained eruptions 
does approximate the magma-supply rate, as proposed by 
Swanson (1972) and Dvorak and Dzurisin (1993). The cur-
rent effusion rate of about 0.12 km3/yr is essentially the same 
as their estimated average magma-supply rates of 0.11 and 
0.09 km3/yr, respectively.

Our estimate of the total volume of lava erupted in 1983–
2001 omits the 7 intrusions in the upper east rift zone and 1 
intrusion in the middle east rift zone that have occurred since 
late 1990 (table 2; fig. 15). The volumes of the upper-east-rift-
zone intrusions were small: for example, the volume of the 
September 1999 intrusion was approximately 3.3x106 m3 (Cer-
velli and others, 2002), or about a 1-week magma supply to the 
eruption. The middle-east-rift-zone intrusion of January 1997, 
which preceded the episode 54 fissure eruption, was much 
larger, with a modeled volume of 23x106 m3 (Owen and others, 
2000). (The January 1997 event is considered an intrusion 
because the volume of lava erupted—about 0.3x106 m3—was 
small relative to the volume of magma intruded.) On the basis 
of these figures, the total volume of all eight intrusions would 
not significantly increase the estimated magma-supply rate.

By updating estimates of the total volume of lava erup-
ted by Kïlauea since 1840 (Dvorak and Dzurisin, 1993), we 
calculate that about half this total volume is from the Pu‘u 
‘Ö‘ö-Küpaianaha eruption. The ongoing eruption has pro-
duced nearly twice the volume erupted during Kïlauea’s sus-
tained summit activity from 1840 to 1932.

Volcanic Air Pollution

Once the eruption shifted to Küpaianaha in mid-1986, 
the continuous emission of SO2 from the vent resulted in 
persistent volcanic smog, called vog, downwind of Kïlauea. 

SO2 in the eruption plume reacts with O2, dust particles, and 
atmospheric moisture to form H2SO4 droplets and solid sul-
fate particles that result in vog and acid rain (Sutton and 
others, 1997). The west side of the island, 125 km from the 
eruption site, is most persistently impacted, because prevail-
ing trade winds cause the vog to accumulate along the Kona 
coast. The health effects of vog on island residents are still 
under study, but vog is known to aggravate preexisting respi-
ratory problems.

Another persistent and conspicuous type of gas release 
during this eruption is created where tube-fed lava enters the 
ocean. The resulting large steam plume contains a mixture of 
HCl, concentrated seawater, and particulates created when 
seawater boils and vaporizes (Gerlach and others, 1989; 
Sutton and others, 1997). The acidity of this plume decreases 
rapidly with distance from its source and so is a much more 
localized hazard than vog.

The Slow Process of Building
New Land

Since November 1986, lava flows have entered the ocean 
more than 70 percent of the time (fig. 5), by far the longest 
such interval in Hawai‘i in the past 500 years. The longest 
lived ocean entry was active for 151⁄2 months (May 1988–Aug. 
1989); 30 others lasted longer than 2 months (see Kauahikaua 
and others, this volume). 

New land formed as lava deltas build seaward over steep, 
prograding submarine slopes of hyaloclastite debris and 
pillow lava (Kelly and others, 1989; Hon and others, 1993; 
Kauahikaua and others, this volume). These slopes are inher-
ently unstable and prone to slumping, which removes support 
for the active, leading edge of the lava delta, or “bench.” The 
catastrophic collapse of a bench can submerge several hectares 



Figure 15. Frequency of eruptive pauses, intrusions, and eruptive surges during Pu‘u ‘Ö‘ö-
Küpaianaha eruption, from 1988 through 2001.
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of land in a matter of minutes or hours. Large collapses com-
monly precipitate violent littoral explosions when the severed 
lava tubes are exposed to the surf (Mattox and Mangan, 1997). 
Not all bench collapses are dramatic, however; small, piece-
meal collapse has been the dominant process at many benches. 

More than 210 ha of new land has been created during 
this eruption—a net value that does not include new land 
claimed by calving of active benches or by wave erosion of 
inactive ones. Owing to these processes, in some years a net 
decrease was noted in the total area of new land, even though 
flows entered the ocean the entire year. Both the steep offshore 
slope and the exposure of the coastline to storm surf have con-
tributed to the slow rate at which new land has formed. 

The continuous interaction of lava and seawater at the 
ocean entry points created black sand that was entrained in 
the southwest-bound longshore current. Kïlauea’s wave-bat-
tered coastline has few places sheltered enough to capture and 
retain sand, and so most of the black sand beaches that formed 
during this eruption were small and ephemeral. The largest 
beach (approximately 400 m long by 40 m wide) began to 
form at Kamoamoa (fig. 1B) in January 1988. For the next 2 
years, it was fed by ocean entries 2 to 4 km to the northeast. 
This beach subsequently was buried by lava flows from Pu‘u 
‘Ö‘ö flank vents in November 1992 (fig. 7). 

Eruptive Pauses, Intrusions,
and Surges

When the eruption paused for a week in 1988, the event 
seemed completely anomalous, occurring midway through 
42 months of continuous effusion from Küpaianaha. In 1990, 

however, the first of 4 series of pauses began (fig. 8). From 
February through August 1990, 9 pauses, each lasting approxi-
mately 1–31⁄2 days, punctuated the steady effusion of lava. The 
Küpaianaha pauses were preceded by sharp, but small, defla-
tion of the summit reservoir and increasing summit tremor 
(Okubo and others, 1990). After each pause began, the summit 
inflated rapidly, summit tremor decreased, and microearth-
quakes beneath the summit increased. The supply from the 
summit probably resumed at the peak of inflation. The erup-
tion started 4 to 8 hours later. 

The 1990 pauses ended in mid-August, and no more pau-
ses occurred as the output of lava from Küpaianaha declined 
over the next 171⁄2 months. During this interval, however, 
three magmatic intrusions took place in the upper east rift 
zone, followed by a fourth shortly after Küpaianaha stopped 
erupting and all activity returned to Pu‘u ‘Ö‘ö (Okubo and 
others, 1991). These were the first intrusions anywhere on the 
volcano since the eruption began in 1983.

Since the era of Pu‘u ‘Ö‘ö flank-vent eruptions began, 
long intervals of frequent pauses have been the norm. During 
episodes 50 through 52 (Feb. 1992–Feb.1993), 21 pauses 
occurred, lasting a total of 65 days. About 50 percent of these 
pauses were immediately preceded by slight summit deflation, 
but many comparable intervals of deflation were not followed 
by pauses (see discussion in Heliker and others, 1998b). The 
most consistent change at the summit was inflation during 
most pauses. The episodes 50–52 pauses occurred at irregular 
intervals, separated by periods as short as 8 hours or as long as 
90 days, and each pause lasted an average of 3 days.

The last pause in this series was triggered by the fifth 
upper-east-rift-zone intrusion in February 1993 (Heliker 
and others, 1998b). Episode 53 began shortly thereafter, and 
throughout the next year no pauses occurred. In March 1994, 
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a new series of pauses began (Thornber and others, 1995), 
with 15 pauses occurring over the next 23⁄4 years of episode 
53. Overall, these pauses had an instrumental signature 
similar to those during the previous series. The episode 53 
pauses, however, were briefer, on average, and less frequent 
(figs. 8, 15).

The eruption was especially erratic after the long hiatus 
that followed the cone collapse in early 1997 (see Heliker 
and others, this volume). The first 2 years of episode 55 
were marked by 21 pauses; another 10 pauses punctuated the 
eruption in 1999–2000. No pauses occurred from January 
2001 through 2002. 

During the first half-year of episode 55, the tremor ampli-
tude recorded at the closest seismic station (sta. STC, 2.1 
km WSE of the Pu‘u ‘Ö‘ö crater), fell to background levels 
during each pause. This decrease in tremor contrasted mark-
edly with many of the episode 53 pauses, which were accom-
panied by little detectable change in the station STC tremor. 
As episode 55 progressed, however, defining a “typical” 
pause became increasingly difficult. Most episode 55 pauses 
occurred without any increase in summit tremor; many had no 
seismic signature either at the summit or on the rift. Yet the 
last pause in 2000 was preceded by 41 hours of high tremor at 
the summit that dropped off a few hours after the pause began. 

The criteria for picking the start and stop times of pauses 
have evolved over time. Through episode 53, we generally 
picked the start of the pause by visual evidence of flagging 
activity at a vent. This evidence was difficult to obtain when 
vents had crusted over and flows were encased in lava tubes all 
the way to the ocean. Our first indication of a pause commonly 
came only when the steam plume at the ocean entry point 
died, sometimes more than a day after the eruption stopped. 
With the advent of a much more sensitive tiltmeter, installed 
at Kïlauea’s summit during episode 55, the summit tilt signal 
became the most consistent indicator of the beginning of a 
pause. Many pauses were preceded by a brief interval of steep 
deflation at the summit. This interval seemed to mark the point 
at which the magma supply to the eruption site was interrupted; 
most pauses ended after an interval of summit inflation.

The precursory tilt changes at the summit indicate that 
most eruptive pauses were initiated by a shutoff of magma 
supply from the summit. The episodes 50–55 pauses varied 
widely in their instrumental signature, however, and some 
were probably triggered locally by transient blockages in the 
connections between the main Pu‘u ‘Ö‘ö conduit and the flank 
vents. A new generation of borehole tiltmeters, extending 
from the summit down the east rift zone to the Pu‘u ‘Ö‘ö cone, 
may yield the answers to the origin of the pauses once the next 
series begins. 

Two more upper-east-rift-zone intrusions occurred in 
episode 55: the first in September 1999 (Cervelli and others, 
2002), and the second in February 2000. During the past 51⁄2 
years, we have also witnessed a different type of magmatic 
event that begins at the summit and results in a substantial 
surge in effusion rate at the eruption site. The first of these 
“surge” events occurred on February 1, 1996 (Lisowski and 
others, 1996; Okubo and others, 1996; Thornber and others, 

1996), and four others occurred before the end of 2001 (table 
2; figs. 8, 15). The surges varied in duration, amplitude, and 
instrumental signature but generally were characterized by 
increasing seismicity and rapid inflation at the summit, fol-
lowed by rapid summit deflation and a surge in effusion rate at 
the eruption site (for a discussion of four of these events, see 
Cervelli and Miklius, this volume). 

The surge in effusion rate caused by these events is strik-
ing. Long-dormant vents in the crater become active, and flows 
break out of the tube on the upper flow field, where breakouts 
are uncommon. These breakouts generally originate from pre-
existing skylights in the lava tube, and low fountains are typi-
cal at the breakout points during the first few hours of a surge, 
when effusion rates may be 10 times higher than normal.

The Show Goes On

The chronology of the first 2 decades of the Pu‘u ‘Ö‘ö-
Küpaianaha eruption lacks a final chapter. Our ability to 
predict the onset of a Kïlauea eruption far exceeds our abil-
ity to predict its end. In the early years of this eruption, we 
speculated that a large earthquake might disrupt the rift-zone 
plumbing and bring the activity to a close. Although the 
eruption has not yet been tested by an M>7 earthquake, the 
activity has proven remarkably impervious to lesser tectonic 
and magmatic events. 

In its first decade, the eruption weathered the M6.6 
Ka‘öiki earthquake of 1983 and the M6.1 Kalapana earth-
quake of 1989. In March–April 1984, Mauna Loa erupted for 
3 weeks, while at Pu‘u ‘Ö‘ö, episode 17 occurred on schedule, 
and the two volcanoes erupted simultaneously (Wolfe and 
others, 1988). In 1997, Pu‘u ‘Ö‘ö revived after substantial 
edifice collapse and a prolonged hiatus in activity. Thus far, 
the Pu‘u ‘Ö‘ö-Küpaianaha eruption has withstood all of these 
events and shows no sign of faltering; the eruption continues 
unabated.

Selected Bibliography for the
Pu‘u ‘Ö‘ö-Küpaianaha Eruption

Our initial search of the Hawai‘i Bibliographic Database 
(Wright and Takahashi, 1998) yielded more than 1,000 ref-
erences pertaining to the eruption published between 1983 
and early 2002. We first culled the list for all references in 
the geosciences. Additional selection criteria included (1) 
abstracts containing material not published elsewhere; (2) 
the most recent, inclusive publication by the same author(s) 
on an identical topic; (3) articles published in journals with 
widespread distribution, favored over publications with lim-
ited distribution; (4) M.S. and Ph.D. theses not published 
elsewhere that contained a unique dataset; and (5) USGS 
Open-File Reports with unique datasets not published in 
mainstream publications.
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Including every report written about every aspect of this 
eruption is impossible. Readers interested in a complete listing
for a particular topic should consult the Hawai‘i Bibliographic
Database. Updated instructions on how to access this remark-
able research tool are posted on the Hawaiian Volcano Observa-
tory Web site, at URL http://wwwhvo.wr.usgs.gov/products/
database.html. To find every reference about this eruption, we 
recommend searching for the keyword “kl.erz.1983” and for 
any of the following words within the abstract or title: Kïlauea 
and East Rift, Pu‘u ‘Ö‘ö, and Küpaianaha. 
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