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CHRONOLOGICAL NARRATIVE OF THE 1969-71 MAUNA ULU
ERUPTION OF KILAUEA VOLCANO, HAWAII

By DoONALD A. SWANSON, WENDELL A. DUFFIELD,
DavrLras B. JacksoN, and DONALD W. PETERSON

ABSTRACT

The 1969-71 Mauna Ulu eruption on the upper east rift zone of
Kilauea Volcano lasted from May 24, 1969 to October 15, 1971; it
was the longest and most voluminous flank eruption at Kilauea
during historic time. About 185 X 10° m® of basaltic lava was
erupted; the lava covered an area of approximately 50 km? and
built a parasitic shield 80 m high. The eruption can be divided into
four stages, each of which was dominated by a particular pattern of
behavior.

The first stage, May 24 to December 30, 1969, was characterized
by episodes of high or sustained fountaining, each lasting from a
few hours to about 3 days and interspersed with longer periods of
weak activity. Most fountaining during this stage occurred in one
general vent area located 600 m south-southeast of Puu Huluhulu,
midway between two large pit craters (since filled), Aloi and Alae
Craters. Fountains reached or exceeded 300 m in height during six
of the episodes, once towering to a maximum of 540 m. The foun-
tains supplied lava to fast-moving voluminous flows that travelled
as far as the coastline, 12 km from the vent. The flows ultimately
filled Alae Crater and partly filled Aloi Crater. The periods of weak
activity between episodes of strong fountaining lasted from a few
days to several weeks, during which time lava splashed and circu-
lated in the vent, sometimes forming low fountains, sometimes qui-
etly upwelling and overflowing the vent. Cyclic rise and fall of the
lava column characterized the periods of weak activity. This phe-
nomenon, termed gas-piston activity, is apparently caused by the
expansion and subsequent vigorous loss of gas from the column as
the gas neared the surface.

The second stage, December 31, 1969 to July 5, 1970, was marked
by weak activity at the vent similar to that which characterized the
periods between major fountains of the first stage. Lava from a new
fissure that opened across Aloi Crater in April completed filling the
crater. During this stage, particularly in late May and June, over-
flows of short duration from the main vent area built a shield, even-
tually 80 m high; it was at this time that Mauna Ulu (“growing
mountain” in Hawaiian) received its name. Much of the activity
during this stage was characterized by gas-piston cycles.

The third stage, July 6, 1970 to June 14, 1971, was marked by
cessation of overflows from the main vent area and the opening of
several vents along a new fissure on the east flank of the Mauna
Ulu shield. Activity at the new vents was often dominated by gas-
piston behavior, and overflows were common. The walls of the fis-
sure at the summit of Mauna Ulu after progressively collapsing
formed an ovoid crater within which an active lava lake circulated.
Underground conduits from this lake probably supplied lava to the
vents on the east flank of Mauna Ulu. Tubes carried lava from
these vents into the crusted lava lake occupying Alae Crater, and

an outlet tube transported lava from the lake and distributed it
downslope. Much surface and tube-fed pahoehoe entered the
ocean in September 1970 and March-May 1971. Beginning in Octo-
ber 1970, small craters formed around the individual vents on the
east flank of Mauna Ulu. These craters enlarged by collapse and
merged to form a continuous trench along the fissure by the spring
of 1971. The trench ultimately intersected the east end of the sum-
mit crater. In late May, the vents on the east flank gradually
stopped feeding lava to the reservoir in Alae Crater and the reser-
voir in turn, stopped supplying lava to the flows and tubes to the
south.

The fourth stage, June 15 to October 15, 1971, was characterized
by the slow decline and eventual cessation of eruptive activity. The
surface of the lava lake in the summit crater progressively with-
drew to lower levels, and circulation of lava grew increasingly slug-
gish. The end of the eruption was marked by the disappearance of
visible lava beneath rubble on the floor of the crater.

The four stages of the eruption accompanied other important
changes at Kilauea Volcano. Each stage was accompanied by har-
monic tremor and a characteristic pattern of ground deformation
in the summit area of Kilauea, 10 km west of Mauna Ulu. The first
three stages (the fourth was not sampled) were typified by lava
with chemistry that differed from one stage to the next. These pat-
terns demonstrate a systematic relation between the eruptive be-
havior of Mauna Ulu and the more fundamental process of magma
supply to the entire volcano.

Observations of the 1969-71 Mauna Ulu eruption provided a
wealth of information regarding the development of parasitic
shield volcanoes, the nature of the gas-piston process, the forma-
tion of lava tubes and their importance in carrying lava long dis-
tances, and a host of other processes not generally available for
study during shorter eruptions. Consequently, the eruption must
be considered one of the most important of all historic Kilauea
eruptions.

INTRODUCTION

The longest-lived and most voluminous rift erup-
tion in the recorded history of Kilauea Volcano began
at 0445 May 24, 1969. For 24 years thereafter, ob-
servers were treated to a magnificent volcanic display
that was unprecedented in its variety. At times, the
heat from towering fountains of lava forced observers
to cower behind barricades hundreds of meters away.
At other times, the activity was so benign that one
could peer directly into the vent, a seething cauldron
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of bubbling, red-hot lava. The varied nature of activ-
ity afforded members of the Hawaiian Volcano Obser-
vatory unparalleled opportunities to observe first-
hand the complex growth and evolution of a parasitic
shield volcano, Mauna Ulu.

The eruption is termed the 1969-71 Mauna Ulu
eruption to distinguish it from other Kilauea erup-
tions in 1971 (August and September) and from later
eruptions of Mauna Ulu in 1972-74 (Peterson and
others, 1976).

Many papers have already been written dealing
with specific aspects of the eruption (table 1), but they
provide no broad overview of it. In this paper, we pre-
sent a detailed chronological narrative of the entire
eruption, summarizing as neccessary the pertinent ob-
servations of the previous papers. Several motion pic-
tures consisting wholly or largely of scenes from the
eruption (table 2) provide additional visual documen-
tation.

TABLE 1.—Papers dealing with aspects of the 1969-71
Mauna Ulu eruption

Topic Reference

General summary Swanson, Jackson, Duffield
and Peterson (1971); Peter-
son, Christiansen, Duffield,
Holcomb, and Tilling (1976).

Wright, Swanson, and Duffield
(1975).

Peterson and Swanson (1974);
Cruikshank and Wood
(1972); Greeley (1971, 1972).

Swanson (1973); Schmincke
(1971).

Swanson, Duffield, Jackson,
and Peterson (1972).

Swanson and Peterson (1972).

Duffield (1972).

Duffield, Jackson, and Swan-
son (1976); Endo (1971).

Swanson (1972).

Davis, Jackson, Field, and Sta-
cey (1973).

Anderson, Jackson, and Frisch-

Lava chemistry

Lava tubes

Pahoehoe flows

Alae Crater, filling

Alae Crater, partial draining
Crust of Mauna Ulu lava lake
May 1970 intrusive event _ _

Magma supply rate _ _ _ _ _ _
Volcanomagnetic effect

Detection of lava in tubes using

geophysical methods _ _ _ _
Lava delta

Mechanism of fountaining _ _

Volatile loss during eruption
and lava flow

Pele’s hair

kencht (1971).

Moore, Phillips, Grigg, Peter-
son and Swanson (1973); Pe-
terson (1976).

Cristofolini (1969).

Swanson and Fabbi (1973).

Duffield, Heiken, and Gibson
(1974).

Muenow (1973).

Naughton (1973).

Naughton, Lee, Keeling, Fin-
laysen and Dority (1973).

Naughton, Lewis, Hammond
and Nishimoto (1974);
Naughton, Greenberg, and
Goguel (1976).

Holcomb, Peterson, and Tilling
(1974).

TABLE 2.—Motion pictures dealing wholly or largely with the
1969-71 Mauna Ulu eruption.

Name Producer Subject
Heartbeat of Encyclopedia Britannica General eruptive activity
a volcano Educational Corporation, and how volcanologists

Chicago. monitor it.
Fire Mountain _ _ _ _ _ do. Eruption scenes artfully
coordinated with music
(no narration).
Fire under Lee Tepley, Lava movement under
the sea Moonlight Productions water;
2650 California St., pillow formation.
Mountain View, CA., 94040.
Mauna Ulu plate W. A. Duffield (U.S. Movement of crust of
tectonics Geological Survey) lava lake.

Menlo Park, CA., 94025.

The eruption took place along part of the upper east
rift zone of Kilauea (fig. 1), where much volcanic ac-
tivity had occurred during the preceding eight years
(table 3; pl. 1). The line of eruptive fissures between
Aloi and Alae Craters, where most of the 1969-71 ac-
tivity occurred, crosses at a small angle the trace of the
December 1965 fissure system; principal vents of
Mauna Ulu are less than 100 m south of the December
1962 fissure (pl. 1; Moore and Krivoy, 1964; Fiske and
Koyanagi, 1968). Fumarolic activity, which had char-
acterized this general area since the early 1960’s, in-
creased after the December 1965 eruption and formed
thick deposits of sulfurous sublimates along ground

TABLE 3.—Data for eruptions along east rift zone of Kilauea
Volcano, 1961-1971

[See plate 1 for precise locations]

Area
Volume covered
of lava' by lava
Date Locality (10°m?*) (km?) Reference
1961
Sept. 22-25 Near Napau Crater 1.39 0.76 Richter, Ault, Eaton,
and 22 km eastward and Moore(1964).
1962
Dec. 7-9 Aloi Crater to Kane 12 .08 Moore and Krivoy
Nui 0 Hamo (1964).
1963
Aug. 21-23 In and near Alae 63 .07 Peck, Wright, and
Crater Moore(1966).
1963
Oct. 5-6 Between Napau Crater 6.8 3.3 Moore and Koyanagi
and Kalalua Cone (1969).
1965
Mar. 5-15 Makaopuhi Crater to 15.2 7.05 Wright, Kinoshita, and
Kalalua Cone Peck(1968).
1965
Dec. 24-25 Aloi Crater to Kane .59 .63 Fiske and Koyanagi
Nui 0 Hamo (1968).
1968
Aug. 22-26 Hiiaka Crater and 014 .02 Jackson, Swanson,
20 km eastward Koyanagi,and
Wright(1975).
1968
Oct. 7-22 Napau Crater and 7.5 3.5 Do.
6 km eastward
and westward
1969
Feb. 22-28 Near Aloi Crater and 20 6 Swanson, Jackson,
11 km eastward Koyanagi, and
Wright(1976).
1969
May 24-
1971
Oct. 15 Mauna Ulu (between 185 50 This paper.
Aloi and Alae
Craters) and
vicinity

'Includes only volume remaining on surface. Does not include volume of lava that
drained back into fissures before eruption ended.
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FIGURE 1.—Kilauea Volcano, showing rift zones, fault systems, and localities mentioned in text. Aloi and Alae Craters have been buried
by flows from Mauna Ulu. The subaerial part of the east rift zone is loosely divided into three parts: the upper part extends from the
summit caldera to Makaopuhi Crater; the middle part, from Makaopuhi to Heiheiahulu; the lower part, northeastward from Hei-

heiahulu to the seacoast.

cracks and former vents. Other eruptions occurred
within 1 km of the Mauna Ulu area in August 1963
(Peck and others, 1966) and February 1969 (Swanson,
Jackson, Koyanagi, and Wright, 1976), only three
months before the 1969-71 Mauna Ulu eruption be-
gan.

Throughout the 1960’s, the area centered around
Aloi and Alae Craters was the western limit of volcanic
activity on the rift zone, except for a small eruption in
and near Hiiaka Crater (pl. 1) in 1968 (Jackson and
others, 1975). Much activity took place farther east
(downrift), however (see pl. 1; Moore and Koyanagi,
1969, pl. 1; Swanson, Jackson, Koyanagi, and Wright,
1976, pl. 1).

The Aloi-Alae area occupies an important structur-

al location at the southeast end of the area where the
Koae fault system and the east rift zone intersect (fig.
1). This area of intersection is doubtless complex at
depth, magma conduits extend southeast from the
summit caldera crossing and interact with east-north-
east-trending fractures of the Koae system (Swanson,
Duffield, and Fiske, 1976; Duffield, 1975). Such struc-
tural complexity may facilitate temporary blockages
in magma conduits connecting with the summit reser-
voir, leading to temporary storage, increased magma-
tic pressure, and eruption uprift from the blockage. In
their discussion, Swanson, Jackson, Koyanagi, and
Wright (1976) relate this theme to the origin of
magma reservoirs and pit craters along the upper east
rift zone.
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EVENTS BEFORE THE ERUPTION

The 1969-71 Mauna Ulu eruption was only one in a
series of Kilauea eruptions that began in November
1967 and continued through December 1974. The No-
vember 1967-July 1968 eruption (Kinoshita and oth-
ers, 1969) was confined to Halemaumau Crater in
Kilauea’s summit caldera (fig. 1). Thereafter, activity
shifted to the upper and middle parts of the east rift
zone, with eruptions in August and October 1968
(Jackson and others, 1975) and February 1969 (Swan-
son, Jackson, Koyanagi, and Wright, 1976). Each rift
eruption was larger than its predecessor; the February
1969 eruption, with a volume of lava of 20 X 10° m?,
was probably the largest historic rift eruption at Ki-
lauea prior to the 1969-71 Mauna Ulu eruption.

The summit area of Kilauea began swelling even be-
fore the end of the February eruption and continued
to swell at a nearly constant rate until the Mauna Ulu
eruption began (fig. 2). By May 10, summit strain had
reached about the same level as just before the Febru-
ary eruption (table 4; fig. 3). On this basis, we antici-
pated an eruption in the near future, and on May 21 a
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staff meeting was held to plan our course of study
when the eruption began.

Along with the greater strains, seismic activity in
the upper east rift and summit areas increased
episodically several days before the eruption (pl. 2B
and C).

SUMMARY OF ERUPTION

The 1969-71 Mauna Ulu eruption lasted almost 29
months, from May 24, 1969 to October 15, 1971; the
end of the eruption is taken arbitrarily as the last date
on which lava was seen in the vent. About 185 X 10¢ m?
of basaltic lava was erupted from a 4-km-long set of
fissures centered at a vent area between Alae and Aloi
Craters (since buried), where most activity took place
and where a large parasitic shield, Mauna Ulu (“grow-
ing mountain” in Hawaiian), was built. Lava flows
that erupted from this set of fissures eventually cov-
ered an area of approximately 50 km? (fig. 4). In addi-
tion, a small volume of lava was erupted in August
1969 from a fissure 7-8 km downrift from Mauna Ulu.
During the eruption, magma was supplied to the high-
level storage complex with Kilauea at a rate of about 3
X 10° m#/day (about 0.1 km?/yr); some of this magma
was erupted to the surface, and some remained under-
ground (Swanson, 1972).

The eruption can be divided into four stages (pl. 2;
fig. 3) on the basis of the type of activity. The first
stage, ending on December 30, 1969, was characterized
by 12 short-lived (4% hrs-3 days) episodes of high or
sustained fountaining separated by periods of weaker
activity a few days to several weeks long. Six episodes
of the first stage produced lava fountains 300 m or
more in height, and one fountain was 540 m high.
Fountain height correlated roughly with the rate of

FIGURE 2.—Summary of ground tilt and horizontal strain in sum-
mit area of Kilauea Volcano before and during the 1969-71
Mauna Ulu eruption. A, Ground tilt. East-west and north-
south components of tilt measured with short-base water-tube
tiltmeter in Uwekahuna vault (UWE in inset map in B). B,
Horizontal strain. Extension and extensional strain for geodi-
meter line across Kilauea Caldera between stations HVO 113
and HVO 10 (inset). Vertical bars, periods of strongest or un-
usual eruptive activity during the 1969-71 eruption. Erup-
tions also took place in late February 1969 (Swanson, Jackson,
Koyanagi, and Wright, 1976) and in mid-August and late Sep-
tember 1971 (Peterson and others, 1976); all three of these
brief eruptions were accompanied by marked changes in
ground tilt(A) and horizontal strain (B).
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TABLE 4.—Cumulative extensional strain for distances in summit
strain monitor during two periods of inflation, Kilauea Volcano!

Cumulative extensional strain®

Geodimeter Approximate (units of 107)
line* length (m) 12 Oct. 1968- 24 Feh-
12 Feb. 1969 20 May 1969
HVO 113-HVO 10 ——3097 6.56 6.83
HVO 119-HVO 10 —-2893 4.94 4.80
HVO 113-HVO 114 —-5128 4.74 5.23
HVO 119-HVO 114 —-3070 5.15 5.18
HVO 119-HVO 113 —- 3155 4.75 4.12

'From Swanson, Jackson, Koyanagi, and Wright (1976).

*See figure 3 for location of measured lines.

‘Relative to assumed zero strain at start of each period of inflation.
Determined by comparing geodimeter measurements at different times and dividing
the change in length by the initial length of the line.

165° 15’
|

19° 25" —

EXPLANATION

o

Tilt station

Trilateration 0 1 2 3 KILOMETERS

station

FIGURE 3.—Locations of Uwekahuna (UWE) vault containing
short-base water-tube tiltmeter and trilateration stations used
in determining the level of summit strain. See figure 2 and
table 4.

eruption (fig. 5A), which ranged from 0.05 to 1.45 X
10¢ m3/hr for the 12 episodes (table 5). The total vol-
ume of lava produced during short-lived episodes gen-
erally varied directly with eruption rate (fig. 5B),
consistent with model (Shaw and Swanson, 1970) and
empirical (Walker, 1973) studies. A large mound of
partly welded spatter and pumice was built downwind
of the vent area. Lava flows fed by the fountains filled
Alae Crater, which subsequently drained and then
was quickly refilled (Swanson and others, 1972); lava
also partly filled Aloi Crater. Flows advanced far to
the south, and one flow entered the ocean 12 km away.

Periods of weak activity between episodes of strong
fountaining were typified by the presence of an ob-
servable lava column within the Mauna Ulu vent. Nu-
merous small flows were fed by the lava column when

it rose high enough to spill out of the vent. Short-lived
spatter cones were formed from time to time. A cyclic
rise and fall of the lava column, termed gas-piston ac-
tivity, was often observed. During such cycles, the lava
column, capped by a solidified but flexible crust, first
rose quietly a distance of a few meters to several tens
of meters in 15-20 minutes. No spattering accompa-
nied this rise. The column either continued its slow
rise until the next stage began or stopped rising a
short time before the next part of the cycle began. The
next part of the cycle was violent. Suddenly, vigorous
bubbling within the column generated intense spat-
tering, the crust was torn to shreds, and the column
withdrew turbulently to its starting level. The time
from the onset of bubbling to the completion of with-
drawal was generally a minute or two. This type of ac-
tivity is ascribed to uplift of the column by expanding
gases trapped beneath a relatively impermeable crust;
eventually gas pressure overcame the strength of the
crust, degassing of the column quickly resulted, and
the lava withdrew to fill the void evacuated by the lost
gas.

The second stage of the eruption, December 31,
1969 to July 5, 1970, was marked by weak activity and
no major fountaining episodes. The lava column was
visible deep within the main vent for most of the time.
Occasionally, however, it rose to the surface and
spilled out as thin flows that added to the height of
Mauna Ulu (fig. 6). Hundreds of such flows were
erupted in five major pulses during a major period of
growth at Mauna Ulu between late May and the end
of June. Mauna Ulu broadened and nearly doubled its
height between January and July to become a promi-
nent shieldlike edifice standing 80 m above its base.
This was the last period in which the height of Mauna
Ulu increased during the eruption. Throughout the
first two stages of the eruption, the height of the
shield increased episodically but at a nearly linear rate
of about 6 m per month, if averaged over periods of
several weeks (fig. 6). The rate of volume increase with
time could not be calculated owing to inadequate data
on the shape of the shield, which grew asymmetrically.
After June 1970, lava outpourings were confined to
fissures on the flanks of Mauna Ulu and beyond its
base; only during Mauna Ulu’s later eruptions in
1972-1974 did its height again increase (Peterson and
others, 1976).

A new fissure opened across Aloi Crater on April 9,
1970 and erupted lava that eventually filled the crater.
This activity continued until April 29. On May 15-16,
a swarm of earthquakes (pl. 2B and C; Endo, 1971) ac-
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companied what we interpret to be the forceful intru-
sion of magma beneath the southeast part of Kilauea
Caldera (Duffield and others, 1976). This intrusion
apparently caused structural readjustments in the up-
per east rift zone, reopening or widening magma con-
duits to Mauna Ulu and leading to the shield-building
of late May and June.
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FIGURE 5.—Average rate of eruption compared with maximum
fountain height (4) and volume of lava erupted (B) for the 12
episodes of high or sustained fountaining in 1969. Episodes, rates
of eruption, volume of lava erupted, and maximum fountain
height given in table 5. For most episodes of fountaining, the
average rate of eruption is probably not much less than the maxi-
mum rate, as fountains typically varied in height by no more
than a factor of 1.5-2 except during brief periods at the start and
end of an episode. Note that both fountain height and volume of
lava tend to vary directly with eruption rate. The four long-lived
episodes (1, 2, 3, and 10) produced more lava at low eruption
rates than predicted by the other data.

The third stage of the eruption, July 6, 1970 to June
14, 1971, was characterized by repeated activity at
several vents along an extension of the fissure system
on the east flank of Mauna Ulu. Vent activity was of-
ten dominated by gas-piston behavior, with or with-
out overflows. Concurrently, the walls of the summit
fissure progressively collapsed, forming a large elon-
gate crater containing a constantly circulating lava
lake. Underground conduits from this lake probably
fed the vents along the eastern fissure. Lava flowed
nearly continuously from these vents through lava
tubes (Peterson and Swanson, 1974) into and out of
the molten part of the lava lake in Alae Crater, which
served as a holding reservoir that modulated the rate
of outflow despite some fluctuation in rate of inflow.
Lava left Alae through a tube system and eventually
spilled out to form a complex tube-fed pahoehoe flow.
This flow, a compound flow in Walker’s (1972) ter-
minology, advanced 12 km southward and poured into
the ocean on two occasions, September 21-26, 1970
and March 8-May 14, 1971 (Moore and others, 1973;
Peterson, 1976). The crust of the Alae lake subsided
twice, in early August 1970 and late February 1971,
when the clogged outlet tube reopened and some lava
drained from the lake to resupply the tube-fed flow
(Swanson and Peterson, 1972).

Throughout late 1970 and early 1971, a subsidence
trench gradually developed along the fissure system
on the east flank of Mauna Ulu as craters at several of
the vents enlarged by collapse and eventually merged.
The trench was separated by a narrow septum from
the elongate summit crater.

A new fissure opened across the site of Aloi Crater
on January 28, 1971 and erupted lava until February
10. The flows built a low mound on the west flank of
the Mauna Ulu shield.

The fourth stage of the eruption, June 15 to October
15,1971, was marked by the slow decline and eventual
cessation of eruptive activity. No flows were added to
the surface, and the only molten lava visible was in the
circulating lake in the summit crater. The surface of
the lava lake lowered at a nearly constant rate of
0.7m/day (fig. 7), and circulation became increasingly
sluggish. The eruption was arbitrarily considered at
an end on October 15, when the lava lake could no
longer be seen beneath rubble at the bottom of the
crater, 145 m below the rim. The crater and trench
continued to widen by collapse as the eruption died.
Eventually, the summit crater was more than 185 m
long and 100 m wide, and the trench was 520 m long,
40-60 m wide, and 50 m deep.

The total volume of lava produced during the erup-
tion was calculated in three steps, which involved ac-
counting for the volumes of new lava flows and of the
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Table 5.—Summary of episodes of high or sustained fountaining during the 1969-71 Mauna Ulu eruption

Average

Episode Date (1969) Volume rate of Maximum

Duration erupted eruption’ fountain

Started Ended (hours) (10°m?) (10°m?/hr) height (m)
1 0445 May 24 1500 May 25 34V 4.5 0.13 50
2 1900 May 27 0900 May 29 38 3.5 0.09 50
3 o ____ 1330 June 12 1100 June 13 21% 4.0 0.19 100
4 _______ 2145 June 25 0700 June 26 9% 4.5 0.49 220
5 o _____ 0345 July 15 1220 July 15 8% 4.0 0.47 375
6 __ _______ 1715 Aug. 3 0010 Aug. 4 7 3.5 0.50 150
T o ___ 2100 Aug. 5 0545 Aug. 6 8% 4.0 0.46 300
8 _ ________ 0015 Aug. 22 0440 Aug. 22 4% 3.5 0.78 400
9 __ 1930 Sept. 6 0430 Sept. 7 9 12.0 1.33 540
10 _ ________ 0900 Oct. 10 1100 Oct. 13 74 4.0 0.05 30
11 ___ 0100 Oct. 20 0820 Oct. 20 TV 10.5 1.45 300
12A ________ 0500 Dec. 30 0825 Dec. 30 3% 1.0 0.29 75
12B _ _______ 1000 Dec. 30 1830 Dec. 30 8% 10.0 1.18 390

'Average eruption rate was computed by dividing the volume of lava erupted, estimated from the area and thickness of new flows, by the duration of fountaining.
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FIGURE 6.—Increase in height of Mauna Ulu shield with time.
Ephemeral spatter cones occasionally rose 10-15 m higher than
summit of shield (fig. 41). Heights determined by theodolite
measurements from the top of Puu Huluhulu. Estimated eleva-
tion of preeruption ground surface directly beneath summit of
Mauna Uly, 951 m (3,120 ft), is calculated from the U.S. Geologi-
cal Survey’s 1:24,000 topographic map of the Makaopuhi Crater
quadrangle and adjusted for the thickness of the December 1965
flow.

shield itself, and the filling of Alae Crater (table 6).
The volume of lava filling Aloi Crater is too small to be
considered in the calculation in light of the probable
errors in the measurements, estimated at about 15 per
cent. The results show that the field of new flows is
about 71 percent, the shield about 19 percent, and the
Alae filling about 10 percent of the total volume of 185
x 10¢ m?* (table 6).

The four stages of the eruption broadly correlate
with the degree and rate of tumescence in the Kilauea
summit area (fig. 2; pl. 2). During the first stage, ex-
pansion took place between fountaining episodes and
contraction during each episode. The expansion and
contraction nearly cancelled each other, leaving only a
small net contraction (fig. 2B) at the end of the first
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FIGURE 7.—Depth to surface of lava lake below northwest rim of
summit crater of Mauna Ulu from May 12 to October 14, 1971.
Depth was determined with rangefinder (see fig. 49) and dip an-
gle.

stage. During the second stage, the summit expanded
at a rapid rate until late May 1970 and at a reduced
rate thereafter, during the period of copious overflows
at Mauna Ulu. During the third stage, horizontal ex-
pansion (fig. 2B) continued at a roughly constant rate
except for an inflation-deflation cycle centered
around the January-February 1971 outbreak. Sum-
mit tilt (fig. 24; pl. 2A4) increased and then decreased
during the third stage. During the fourth stage, the
southern part of the summit area began to inflate rap-
idly (fig. 24, N-S component), and this inflation con-
tinued throughout the summer. Eruptions took place
in Kilauea Caldera and along the southwest rift zone
in August and September 1971, but neither visibly af-
fected the dying Mauna Ulu activity.
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TABLE 6.—Calculation of volume of 1969-71 Mauna Ulu lava

Lava field:
Area covered, 44 X 10° m*
Average thickness (estimated), 3 m
Volume of Lava field, V7, = (44 X 10° m?)(3 m) = 132 X 10° m®
Mauna Ulu shield:
Approximates ellipsoidal cone with height h of
80 m and major and minor half axes a and b of
800 m and 500 m respectively x
Volume of Mauna Ulu shield, Vps7, = — (abh) = 34 X10°m®
Alae Crater 3
Preeruption pit approximates sum of two ellipsoidal cylinders:
%2a, = 600 m, 2b, = 400 m, h, = 64 m and
2a, = 350 m, 2b, = 280 m, h, = 92 m
Volume of Alae, V4, =V, + V, = x(a,bh, + a,b;h,) = '19 X 10°m?®
Total volume of Mauna Ulu lava= V[, + Vg7 + V4 =185 X 10°m?

Q‘GES‘;xcluding more than 3 X 10°m’ of lava that drained out of the crater on August 4,

The first three stages of the eruption represent a pe-
riod of continuous magma supply at a nearly constant
rate to Kilauea (Swanson, 1972). The first and third
stages each produced flows at average rates of about 9
X 10° m? per month (fig. 8). The rate was less during
the second stage, coincident with increased swelling
and assumed storage of magma in the Kilauea summit
area. The volume of stored magma computed from
ground-deformation data, combined with that of the
second-stage lava, indicates an average rate of magma
addition to Kilauea of about 8.3 x 10° m* per month
during the second stage, close to the rate for stages 1
and 3 when uncertainties in the deformation models
are considered (Swanson, 1972).

Three of the four stages of the eruption are charac-
terized by slightly different chemical compositions of
the basaltic lava. Of the five chemical variants defined
by Wright, Swanson, and Duffield (1975), variants 1-3
were erupted during only the first stage, variant 4 dur-
ing only the second stage, and variant 5 during the
third stage. No samples could be collected during the
fourth, dying stage. A hybrid involving mixtures of
variants 3 and 4 was erupted early in the second stage.
These variants cannot be related to each other by any
recognized fractionation scheme (Wright and others,
1975). Chemical variations during the three main
stages apparently reflect processes of magma genera-
tion or supply not usually acting during a single Ki-
lauea eruption; most Kilauea eruptions generally
produce lava that is rather uniform chemically except
for the effect of shallow mixing and fractionation. In
part, the chemical variations may simply be related to
the longer duration of this eruption than most Kilauea
eruptions. However, at least some past Kilauea erup-
tions lasting several months, such as the 1967-68 Ha-
lemaumau eruption, produced chemically similar lava
throughout the duration of activity (Wright, 1971).

The eruption was the first flank eruption at Kilauea

during historic time to include a long-lived active lava
lake. Lava in this lake, which can be considered as the
upper part of the magma column supplying Mauna
Ulu, actively circulated and degassed throughout
most of the eruption. Previously, active lakes at Ki-
lauea had been observed only in Halemaumau Crater,
in the summit caldera. All other so-called lava lakes
observed to form at Kilauea have been “inactive”
lakes, as they were simply lava flows that ponded
within pit craters and were not formed directly on top
of a magma column. This kind of lake formation is
true even for the well known 1959 Kilauea Iki and
1965 Makaopuhi “lava lakes,” which were fed from
vents on the crater walls that ceased activity when the
level of ponded lava reached and “drowned” them
(Richter and Moore, 1966, p. 3; Wright and others,
1968, p. 3196-3197). The easily accessible and long-
lasting 1969-71 Mauna Ulu eruption afforded good
opportunities to study the long-term processes of cir-
culation, growth of crust, drainback, and degassing in
the active lava lake (Duffield, 1972).

FIRST STAGE OF ERUPTION
MAY 24-26, 1969

The first episode of fountaining began at about
0445 May 24 from a zone of fissures that crossed the
northern part of Aloi Crater and extended as far east
as due north of Alae Crater (pl. 34). Lava flooded the
broad area of active fumaroles just west of Aloi, de-
stroying a bordering swath of forest and leaving a
grove of lava trees. The fissure zone quickly opened
westward, crossing the Chain of Craters Road by 0500.
Several earthquakes were felt by local residents at
about this time. By 0830, a fissure extended across the
Ainahou Road (fig. 9) and soon thereafter reached a
point 150 m west of the road.

Color aerial photographs taken by personnel of San-
dia Laboratories at 0940 show that spatter cones and
ramparts were forming at two main areas of fountain-
ing, one between the western end of the fissure zone
and the Chain of Craters Road, the other about half-
way between Aloi and Alae Craters, where fountains
jetted as high as 50 m (table 5). The photographs also
show that Aloi Crater, earlier filled to a depth of 25 m
with a pool of new lava, was now largely empty owing
to drainback into a gaping fissure in the floor. Lava
was pouring into Alae Crater and had already covered
the floor, burying drilling equipment being used in a
study of the February 1969 lava lake (Swanson, Jack-
son, Koyanagi, and Wright, 1976).

Most of the pahoehoe flows from the western area of
fountaining advanced southward before ponding at
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source of the flows. When fountaining stopped at 1220
July 15, lava in the pool quickly drained into the two
eruptive fissures, leaving a glaze on the ramparts that
was much richer in olivine than the associated flows.
The abundant olivine phenocrysts may be “lag gravel”
left after liquid drained away, or, more likely, they
may indicate that the last lava erupted was enriched
in olivine while still underground. The eastern vent
produced much more than half the total volume
erupted, 4 X 10° m? (table 5), but this was the last time
that it was visibly active until August 2-3, 1970.

Ten hours after fountaining ended, welded spatter
and large masses of glowing semisolid material were
still oozing and rolling from the steep ramparts back
down the east vent, which was about 5 m in diameter.
Hot sand-sized debris abraded from falling blocks was
blasted into the faces of observers by gases rushing
from the vent.

Harmonic tremor slackened markedly when the
July 15 fountaining stopped, then increased only two
hours later, seemingly a premonition of future erup-
tive activity, but no lava was seen until July 20.

JULY 20-AUGUST 2, 1969

The lava column reappeared in the western vent on
July 20 and periodically rose and fell for the next sev-
eral days. Generally the pumping action changed the
level of lava by only a few meters, but occasionally the
top of the column would drop 45-50 m, to a point
about 50 m below the lip of the fissure, within 5-10
minutes. Then the column would begin slowly rising,
regaining its old level in an hour or less. Relatively
small quantities of spatter were ejected during this ac-
tivity, almost always as the column receded. Lava re-
mained within the fissure, which varied in width
between 3 and 7 m daily depending on the amount of
accretion or collapse of the walls, until the night of
July 28, when a thin overflow partly covered the floor
of the vent depression.

On July 29-30, a notable sequence of events pro-
vided fine examples of the gas-piston mechanism for
observers, who could look down into the fissure from
their perch on a spatter rampart a few meters away.
The lava column, capped by a shimmering layer of
flexible but solidified crust several centimeters thick,
would slowly rise from a depth of 30-50 m to the
ground surface in 10-15 minutes, accompanied by lit-
tle or no spattering. Lava would then spill outward
from the fissure, pooling against the gentle slope
(about 1 in 20) of the vent basin. The top of the lava
column was convex upward, and the edge of the lava
pool was about 1 m lower than the central part di-
rectly above the feeding column. Sometimes the pool
reached a diameter of 150 m, but generally it was half

that size. Suddenly, spattering would start from the
east end of the drowned fissure, and the pooled lava
would begin to drain rapidly back into the fissure, ac-
companied by extremely vigorous spattering and gas
discharge. This drainback was most dramatic; the lava
column would drop 25-30 m within 30 seconds and
would reach 50 m depth in another minute. Then the
cycle would repeat itself, after a brief recovery time of
1-3 minutes. A complete 10-20 minute cycle, includ-
ing a surface pool and deep drainback, was typical, but
sometimes the column never reached the surface be-
fore drainback, and at other times the level sank only
a few meters during drainback before a new uprising
began.

Several times on these two days, we were able to
trigger drainbacks by throwing rocks through the thin
crust on the pool. Vigorous spattering began immedi-
ately after the crust was broken and gases could es-
cape. During subsequent months, we repeatedly
triggered drainbacks using various materials to break
through the crust. Generally, the experiments caused
drainback only when the system was already prepared
to drain back naturally. Slightly premature drainback
could sometimes be induced by throwing containers
filled with water or gasoline through the crust. These
bombs burst forcefully after immersion for several
seconds, tearing large holes in the crust and stirring
the lava, leading to vigorous degassing, loss of volume
of the columns, and drainback.

The total volume of lava and gas that evacuated the
fissure during a typical drainback, whether natural,
artificially triggered, or induced prematurely, varied
from 10¢ to 3 X 10* m?, calculated from the observed
dimensions of the fissure and the surface pool. Such a
volume typified all subsequent gas-piston activity for
which calculations were made, despite very different
vent configurations in 1970 and 1971.

The fissure became largely roofed over by July 31,
the result of accretion of crust and spatter to the up-
per part of its walls, leaving a lens-shaped opening 3 m
by 7 m. The seal was completed the next day except
for two holes, around which low spatter cones were
built. Eerie blue and green flames of burning hydro-
gen played from the cones, a common occurrence
around vents from which hot gas escapes (Naughton,
1973; Cruikshank and others, 1973). Conditions re-
mained unchanged until the afternoon of August 3.

AUGUST 3-4, 1969

The sixth episode of strong fountaining began at
1715 August 3; it was one of the most noteworthy se-
quences of events of the entire eruption. This episode
differed from the previous two in that the fountains
were lower (150m) (table 5), the eastern vent was inac-



18 CHRONOLOGICAL NARRATIVE OF THE 1969-71 MAUNA ULU ERUPTION OF KILAUEA VOLCANO

tive, and several vents periodically erupted west of the
main vent complex. These subsidiary vents were not
alined along the trend of the main fissure and define
no trend of their own. We suspect that they were
openings in small lava tubes developed in the July 15
flows and that lava was fed into the tubes from the
main vent itself.

The basin around the inactive eastern vent filled
when lava that had ponded in the western vent spilled
over the intervening spatter rampart. Lava then
flowed through a low point in the eastern rampart and
cascaded into Alae Crater, raising lake level to within
10 m of the low part of the rim. As on July 15, the
surface crust on the Alae lake floated upward as lava
from the cascades plunged beneath it; now the crust
was more than 20 m higher than when it originally
formed on June 25-26. About half of the newly erupt-
ed lava entered Alae; the rest was distributed as thin
flows that extended short distances away from the
vent area. The basic configuration of the vent area was
little modified, but the large mound of welded spatter
and pumice downwind of the fountains grew several
meters higher.

The fountaining episode ended at about 0010 Au-
gust 4, and those observers still on the scene quickly
went home to bed. However, they got little rest, as
Swanson, Duffield, Jackson and Peterson (1972, p.
114-116) described:

A vigorous epsiode of harmonic tremor and earthquakes took
place between 0400 and 0430, August 4—just 4 hours after the
Mauna Ulu vents quieted and lava stopped flowing into Alae. The
sky was lit in a brilliant glow over Alae during that dramatic half
hour, prompting observers to suspect resumption of eruptive activ-
ity. Actually, however, Alae lava lake was catastrophically draining
into one or more cracks that had suddenly opened and intersected
the still molten February 1969 lava in the bottom of Alae’s deepest
pit. In this half hour, the level of the lake dropped 80 m as about 10
million m? of lava drained out. The mezzanine [the flat floor of an
older crater exposed at the west end of Alae] was uncovered, even
though coated by several meters of viscous lava and solidified
crust. This episode was accompanied by violent ground cracking
between Alae Crater and Kane Nui o Hamo, a cone north of Ma-
kaopuhi Crater. A complex deep crack and fault-bounded graben
10 m wide and locally more than 70 m deep extended 800 m east-
ward from near the rim of Alae Crater, and a shallow topographic
trough continued eastward for another 700 m. The graben and re-
lated cracks are probably the surface expressions of the fissure that
drained the crater. Prehistoric lava veneer clinging to the walls of
the graben shows it to be an old structure reactivated during the
draining event.

The lava that drained from Alae apparently intruded eastward
beneath the graben and trough, for rocks along the fractured zone
were too hot to touch as late as 1000 that morning. About 1400 that
same day a lava flow began issuing quietly from a new fissure 3 km
east-north-east of Napau crater [pl. 1; pl. 3E]. This lava is the same
chemically and petrographically as that drained from Alae. ***The
volume of lava ***[added]*** to the surface is only 25 percent of
the volume of lava drained, so about 7.5 million m?* of lava was

added in storage to the rift conduit system.

No draining took place from Alae during daylight hours of Au-
gust 4, but cool viscous lava continued to ooze from pockets left on
the crater walls. Masses of partly molten, partly solidified lava as
large as houses slowly slid across the gently sloping mezzanine floor
like hot earthflows, draped over the newly exposed rim, and
ploughed into the sticky degassed lava left in the deeper pit. Occa-
sionally large plates or solidifed lava veneer clinging to the vertical
wall of the crater broke loose and crashed to the floor. A black
‘bathtub ring’ marking the highest stand of the lake encircled the
crater walls.

The eruptive activity east-northeast of Napau
Crater continued until August 10 or 11. We originally
thought (Swanson and others, 1972, p. 115) that this
lava might have been stored in the east rift zone since
the August 1968 eruption (Jackson and others, 1975),
but further chemical study shows instead that this
lava is more similar to that erupted at the Mauna Ulu
vent area during the summer of 1969 (Wright and
other, 1975, table 6, sample DAS69-67-4). Hence the
new flow may well have contained some of the same
lava that drained out of Alae Crater.

We do not know the reason for the draining of Alae
and the severe ground cracking and dilation of the rift
zone (one 250-m-long geodimeter line across the gra-
ben lengthened 2.7 m). One interpretation is that the
weight of new lava added to Alae Crater since Febru-
ary 21, 1969 (between 10 and 10" kg) caused the floor
of the crater to collapse into a magma reservoir, whose
initial draining hundreds of years previously had
caused Alae Crater to form. The south flank of Ki-
lauea underwent no detectable seaward displacement
during this event (Swanson, Duffield, and Fiske, 1976,
fig. 10), as commonly accompanies the forceful injec-
tion of magma into the rift zone.

AUGUST 5-6, 1969

No eruptive activity was noted at the Mauna Ulu
vent area on August 4, but spattering was observed at
1000 August 5. Such activity continued throughout
the afternoon, building a horseshoe-shaped spatter
cone 8 m high around the west end of the western
vent. Occasionally lava spilled out of the fissure and
fed small flows in the vent basin, much as before the
August 3-4 activity (fig. 16).

Fountaining to heights of 15-20 m began slowly at
about 1900 that evening. The activity waned at 2000,
allowing close approach to the vent, then picked up
quickly at 2100, with lava spurting to 30 m. The height
of the fountain continued to increase, eventually at-
taining 300 m, so that we arbitrarily set the start of the
seventh episode of high fountaining at 2100 August 5.
The western vent was again the principal source of
lava, although two subsidiary vents a few tens of me-
ters west contributed a small volume; these subsidiary
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