VOLCANISM IN HAWAII
Chapter 16

THE 1972-1974 MAUNA ULU ERUPTION, KILAUEA VOLCANO:
AN EXAMPLE OF QUASI-STEADY-STATE MAGMA TRANSFER

By Robert I. Tilling, Robert L. Christiansen, Wendell A. Duffield, Elliot T. Endo, Robin T. Holcomb,
Robert Y. Koyanagi, Donald W. Peterson, and John D. Unger

ABSTRACT

The eruption at Mauna Ulu from February 3, 1972, to July
22, 1974, renewed the sustained activity on Kilauea’s east rift
zone that had previously ceased in October 1971. During 901
days of virtually continuous activity, about 162x10% m3 of
basaltic lava was erupted. Vent activity was confined to the
Mauna Ulu-Alae area except for two short-lived outbreaks near
Pauahi and Hiiaka Craters in May and November 1973. The
minimum average magma production rate through April 1973
was 8108 m3/mo, comparable to rates for other periods of
sustained eruptive activity at Kilauea.

The 1972—74 lava (1) covered an area of about 46 km?; (2)
raised the summit of the shield built at Mauna Ulu during the
1969-71 eruptions to a maximum height of 121 m above the
pre-1969 ground surface; (3) greatly increased the size and
height of the complex shield at Alae, which attained a maximum
height of nearly 90 m above the pre-1969 ground surface; (4)
filled the west pit of Makaopuhi Crater; and (5) entered the sea
in August—October 1972 and February—May 1973 after travel-
ing more than 12 km through well-developed lava-tube systems.

The 1972-74 eruption was dominated by active lava lakes
at Mauna Ulu and Alae, their vents linked by an efficient tube
system. The lava lakes exhibited a wide range of behavior,
including (1) complex circulation patterns of the lake surface
and low-level fountaining at drainback areas; (2) cyclic fluctua-
tions of as much as a few tens of meters in the level of the lava
column, accompanied by violent degassing during column col-
lapse (the so-called gas-piston activity); (3) complete or partial
draining of the lava lakes caused by major changes in eruptive
mode or lava-supply system; (4) repeated short-duration over-
flows and levee construction leading to shield growth; and (5)
sustained overflows and the development of lava tubes to feed
long flows.

Records of Kilauea summit tilt during 197274, as meas-
ured at Uwekahuna vault, show two periods (February 1972 to
April 1973 and December 1973 to July 1974) of oscillations
within a narrow range and little or no net change in tilt. Each of
these periods is interpreted to reflect a quasi-steady-state
regime of magma transfer from a mantle source to Kilauea's
summit reservoir and to the upper east rift zone. The first period
apparently was terminated by subsurface blockage in the
magma-transfer system, possibly caused by a 6.2-magnitude
earthquake on April 26, 1973, which also disrupted a well-
established tube system and halted lava entry into the sea. The
second period marked the reestablishment of a highly efficient
magma-transfer system following the November—December
1973 eruption at Pauahi. Our postulated periods of quasi-
steady-state regime of magma transfer are compatible with the
speculation of Daniel Dzurisin and others that the sustained

eruptive activity at Mauna Ulu may be linked to increased deep
magma production, as evidenced by above-average occurrence
of deep harmonic tremor beneath Kilauea.

Ground deformation measured by periodic resurveying of
level, ground tilt, and trilateration networks in the Kilauea
summit region generally is compatible with patterns seen in
continuous records of Uwekahuna tilt, seismicity, and observed
eruptive activity. However, some deformation patterns during
the periods of quasi-steady-state magma-transfer regime are
diffuse and not amenable to simple analysis. The most coherent
patterns obtained are related to the Pauahi-Hiiaka (May) and
Pauahi (November) eruptions during the net inflation period of
1973; each of these was associated with a deflation at
Uwekahuna of about 20 microradians. Perhaps a threshold
volume or rate of change in summit magma storage must be
exceeded before coherent ground-deformation patterns can be
derived from geodetic surveys; the volcano may possess a
characteristic yield strength, such that a finite amount of inelas-
tic deformation must be accommodated before geodetic
response can reflect elastic behavior.

INTRODUCTION

The 1969-71 Mauna Ulu eruption (figs. 16.1 and 16.2),
which lasted about 2/ years and produced 185X 106 m? of lava,
was one of the most voluminous and long-lived historical rift
eruptions of Kilauea Volcano, Hawaii (Swanson and others, 1971,
1979). The waning stage of that eruption was characterized by
monotonic subsidence of the surface of a lava lake in Mauna Ulu
crater, accompanied by sharp summit inflation, and was punctuated
by a brief eruption within the summit caldera during August 1971
and another, in the caldera and southwest rift zone, during Sep-
tember 1971 (Duffield and others, 1982). The end of the 196971
Mauna Ulu eruption was October 15, 1971, the date when lava
was last seen in the vent (Swanson and others, 1979). No eruptions
occurred at Kilauea for the next 3'2 months, a period of steady
summit inflation.

In early February 1972, lava quietly reentered the crater of
Mauna Ulu, initiating a period of sustained eruption that ultimately
lasted until mid-July 1974. The 197274 activity was confined to
the Mauna Ulu-Alae area except for an outburst from vents within
and near Pauahi and Hiiaka Craters on May 5, 1973, and a month-
long eruption at Pauahi in November—December 1973 (fig. 16.2).
For convenience of discussion, the eruptions of Mauna Ulu (which
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FiGURE 16.1.—Map of Kilauea Volcano showing summit caldera, rift zones, and principal fault systems ; locations of the Hawaiian Volcano Observatory (HVO) and
Uwekahuna vault (UWE) are also shown. Inset shows volcanoes making up Island of Hawaii: KO, Kohala; MK, Mauna Kea; H, Hualalai, ML, Mauna Loa; and K,
Kilauca. Mauna Ulu eruption site (1969—1974) is on upper east rift zone, and Puu Oo eruption site {1983 —present) is on middle east rift zone; these sites are indicated
by solid triangles. Mauna Iki (1919-20), Heiheiahulu (1750?), and Kane Nui 0 Hamo (prehistoric) are volcanic shields developed on rift zones before 1969. Modified

from Dzurisin and others (1984, fig. 2).

means “growing mountain” in Hawaiian), Pauahi, and Hiiaka
during 1972-74 are considered collectively as the 1972—74 Mauna
Ulu eruption because of their close association in space and time and
the persistence of harmonic tremor thoroughout almost the entire
period. The end of eruptive activity at Mauna Ulu is taken to be
July 22, 1974, following a three-day summit eruption (Peterson and
others, 1976), after which no molten lava could be observed at
Mauna Ulu and harmonic tremor ceased.

Following the 1972—-74 Mauna Ulu eruption, activity at
Kilauea shifted to the summit region, where short-lived outbursts
during July and September were followed by a brief eruption and
intrusion in the southwest rift zone in December 1974 (Peterson and

others, 1976; Dzurisin and others, 1984, table 1). Following
various other short-lived eruptions and intrusions at several sites on
the volcano during 197582 (Tilling and others, 1976b; Moore
and others, 1980; Dzurisin and others, 1984), the beginning of the
Puu Oo eruption in the middle east rift zone in 1983 (Wolfe and
others, chapter 17) marked the return to Kilauea of a long-lived,
voluminous flank eruption, like the Mauna Ulu eruptions during
1969-74.

The 197274 activity was particularly notable for active lava
lakes that occupied the summit craters of Mauna Ulu and Alae
shields for long periods of time. We consider a lava lake active if it is
linked, directly or indirectly, to a feeding magma column, in contrast
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FIGURE 16.2.—Sketch map showing lava fields produced by the 1969—1971 Mauna Ulu eruption (shaded) and the 197274 Mauna Ul eruption (outlined by solid line);
pali means cliff in Hawaiian. Modified from Swanson and others (1979, fig. 4) and Holcomb (1976)
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TABLE 16.1.—Some published topical studies on aspects of the 1972—1974 Mauna
Ulu eruption and general works on Kilauea that include data relevant to processes,
products, or effects of the eruptions

Topic Reference
General summaries and field
guidebooks. Greeley (1974)
Hazlett (1981)
Macdonald and Hubbard (1982)
Peterson and others (1976)
Geologic maps ____________.__________ Holcomb (1976)

Holcomb (1980)

Lava chemistry Wright and Tilling (1980)

Lava wubes ___________ Peterson (1983)
Lava lakes, variations in depth to
surface. Tilling and others (1986)

Pahoehoe-aa transition _._____________ Peterson and Tilling (1980)
Kilburn (1981)

Tilling and others (1973)
Holcomb (1973)

Holcomb and others (1974)
Tilling and others (1976b, ¢)
Dzurisin (1978)

Volcanic landforms __________________

Lavadeltas ________________________ Peterson (1976)
Lava movement under water and pillow
formation. Grigg (1973)

Tepley (1975)

Moore (1975)

Tilling (1976a)

Tilling and others (1975)
Klein (1982)

Ryan and others (1983)

Epp and others (1983)

Dvorak and others (1983)

Koyanagi and others (1973)

Klein (1982)

Dzurisin and others (1984)

Dzurisin and Koyanagi (1981)

Dzurisin and others (1984)

Ryan and others (1981)

%ya.n and otﬁmh(1983) b
oyanagi and others (1976a,

Ellesworth and Koyanagi (1977)

Unger and others (1973)

Unger and Ward (1979)

Aki and Koyanagi (1981)

Rockfall activity and seismicity _______

Pattern of historical eruptions

Ground deformation, including
modeling.

Magma intrusion into rift zones _______

Magma budget

Magma reservoir shape and mechanics _

Geoelectrical studies of volcanic

processes. Zablocki (1976)
Zablocki (1978)
Thermal studies ____________________ Casadevall and Hazlett (1983)
Gas and sublimate studies ____________ Cadle and others (1973)
Naughton and others (1973)
Miscellaneous ______________________ Sicks (1975)

Dzurisin (1980)

to an inactive lava lake formed by passive ponding of magma within
preexisting pit craters (see Swanson and others, 1979, p. 10). The
long duration and easy accessibility of the 1972—74 Mauna Ulu
eruption permitted frequent and numerous direct observations of the
activities of these lava lakes, as well as of the development and
evolution of volcanic shields, lava levees, flow channels, and lava
tubes.

Many features of the 1972—74 Mauna Ulu eruption were
virtually identical to those well described and illustrated by Swanson
and others (1979) for the lava-lake-dominated activity of episodes 3
and 4 (called stages by them) of the 1969—-71 Mauna Ulu eruption,
and we refer where appropriate to those excellent descriptions rather
than unnecessarily describing processes anew.

Many topical studies were undertaken during the course of the
1972—-74 Mauna Ulu eruption, and several recent syntheses of
Kilauea’s magmatic behavior included data obtained in the
1972-74 period. A listing of some of these studies is given in table
16.1 to complement similar summaries for the 1969—71 Mauna Ulu
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eruption (Swanson and others, 1979, tables | and 2). The main
purposes of this paper are to describe the eruptive phenomena in
1972-74, provide a general framework for topical studies already
completed, and identify directions for possible further topical
research.
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TABLE 16.2.—Summary of east-rift eruptive activity of Kilmea Volcano, Hawaii,
from February 1972 to July 1974 (modified from Peterson and others, 1976)

Esimated Area
lava covered
Duration Location of vents volume! by lava
Time period (days) (see fig. 16.3) (106 m3) (km?)
February 3, 1972 to 457 Mauna Ulu and Alae 125 235
May 4, 1973
May 5, 1973 1 Pauahi and Hiiaka and 1 6
nearby fissures
May 6, 1973 to 188 Mauna Ulu and Alae 25 9
November 9, 1973
November 10, 1973 to 30 Pauahi and nearby 3 1.1
December 9, 1973 fissures
December 10, 1973 to 225 Mauna Ulu 30 8
July 22, 1974
Total 901 161.5 45.6

Includes only volume remaining on surface and excludes volume that drained back into
fissures before eruption ended.

2Includes 0.47 km of new land added to south coast of Hawaii from lava entry into sea
(Peterson, 1976).
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FIGURE 16.8.—Lava from the trench fed by vent B falling approximately 20 m over the septum {(fig. 16.11) into the lava lake in Mauna Ulu Crater. Photograph taken by
D.W. Peterson, March 5, 1972.

perched Alae lava lake, which measured about 200 m across and | May, the irregular summit area of the rapidly growing volcanic
perhaps 5—10 m deep. Overflows from this lake fed many short lava | shield was more than 40 m above the mid-1971 surface of the
flows, mainly to the south and southeast (fig. 16.6B), raised the | subsidence bowl at Alae.

confining levees, and accreted lava to the surroundinc areas. By The generally steady and quiet output of vent C was dis-
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FIGURE 16.9.— Aerial view showing Mauna Ulu Crater filled with lava during March 14—24 period of overflow and shield growth. Circular structure, about 700 m across,
in background is Alae subsidence bowl (fig. 16.5). Photograph taken by W.A. Duffield, March 17, 1972.

rupted, at intervals ranging from about 30 minutes to more than 2
hours, by abrupt and brief (5-30 seconds) drainbacks, causing
considerable turbulence of the nearby lava-lake surface. Little or no
gas was emitted during such behavior and the entire process
occurred silently. Furthermore, simultaneous observations indicated
that the drainback events at Alae did not correlate with gas-piston
activity at Mauna Ulu.

Within Alae lava lake itself, quasi-solid but still highly mobile
island-like and peninsula-like masses began to develop in late April
(fig. 16.12). These islands and peninsulas eventually became fixed in
position, grew, and coalesced to form a discontinuous, roughly
northwest-southeast divider across the center of the lake, nearly
separating it into two compartments, each of which contained lava
pools (fig. 16.11). Beginning in late May, the principal inflow of lava
from vent C was into the northeastern compartment; subsequent
periodic overflows raised its surface about 5 m higher than that of the
southwestern compartment. Spillage across the divider kept the

southwestern pool active. Voluminous overflows from both compart-
ments of the lake built the complex Alae shield to an estimated height
of 80 m above the pre-1969 southeastern rim of former Alae Crater
(hg. 16.13).

SUSTAINED OVERFLOWS, LAVA TUBES,
AND LAVA ENTRY INTO THE SEA

Starting in June 1972, the eruption began to depart from the
mode of activity characteristic of the preceding months. The level of
Mauna Ulu lava lake dropped and then fluctuated between 30 and
45 m below the crater rim. Construction of the volcanic shield
continued by periodic overflows around the margin of Alae lava
lake, but some of the overflows were more sustained and gradually
became channelized. Consequently, an integrated system of lava
channels and tubes developed and carried lava great distances from
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the immediate flanks of the growing shield. At times the surface of
the Alae lake fell 1—10 m below the confining levees as lava drained
from the lake through the tube system and emerged at the surface as
far as 2 km from Alae. By June 20, surface and tube-fed lava flows
from Alae again began to spill into the deep west pit of Makaopuhi
Crater (hg. 16.6C).

The activity at Mauna Ulu remained essentially unchanged for
the next several months. Lava entered the lake from the vent complex
between vent B and the west end of the trench; surface circulation of
the lava lake was predominantly from east to west; and lava
fountains 5—10 m high played sporadically from various parts of the
lake margin where surface lava and crust circulated downward.
Meanwhile, vent C at Alae continued to feed lava through tubes into
Makaopuhi’s west pit. Near-vertical tubes developed around the
two dominant lava cascades down the west wall of Makaopuhi and
fed lava directly into the molten pool beneath the crusted floor,
gradually raising it in piston-like fashion, as also happened during
the filling of Alae Crater in 1969 (Swanson and others, 1972,
1979). In addition, prominent talus-and-lava cones formed against
the west wall (hg. 16.14).

By early August, inflow into Makaopuhi declined, but tube-
fed Pahoehoe flows accumulated in the area southeast of the Alae
shield and began to advance southeastward. During August 7—13,
intense rockfall activity in Makaopuhi ‘s west pit generated about
0.27 %10 m? of rockfall debris. Many of these rockfalls were
observed and photographed as they happened; correlations of field
observations and seismic data suggested that this unusually energetic
flurry of rockfalls was caused by eruption-induced changes in stress
patterns of the crater walls (Tilling and others, 1975). The peak
rockfall activity coincided with a small-volume eruption from echelon
fissures on the mezzanine of Makaopuhi observed on August 9 and
10 (Tilling and others, 1975, figs. 2, 4); this eruption began
between late afternoon of August 7 and early morning of August 9.
Because the mezzanine vent fissures were rootless, the cause of this
outbreak is problematic. It may in part be attributed to hydrofrac-
turing induced by the weight of the lava lake and rockfall debris in
the west pit exceeding the tensile strength of the mezzanine.

By mid-August, the tube-fed southeastward-flowing lava from
Alae had advanced over Poliokeawe Pali and Holei Pali, buried a
segment of Chamn of Craters Road not covered during the 196971
activity, and covered flows of 1970—71 and older ages along the
coastal flat. On August 23, lava reached the ocean at Kaena Point,
about 1.5 km east of the lava delta of March—May 1971 (hg.
16.6C), marking the fourth time that lava had entered the sea along
the south coast of Hawaii since June of 1969. The processes of lava
entry into the sea and formation of lava deltas were essentially
identical to those described earlier for the 1969—71 eruption of
Mauna Ulu (Moore and others, 1973) and have been summarized
by Peterson (1976). Substantial stretches of new black-sand beaches
formed along the new shoreline when molten lava shattered upon
quenching by seawater and was comminuted in the surf zone.
SCUBA-diving scientists observed pillow formation and the sub-
marine movement of lava (Grigg, 1973; Moore, 1975; Tepley,
1975).
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Similar activity continued at Mauna Ulu and Alae throughout
September and until mid-October. The lake level at Mauna Ulu
varied between 33 and 50 m below the crater rim; the lake at Alae
occasionally dropped to about 20 m below the crater rim and, at
other times, briefly overflowed its levees to add to the bulk and height
of the Alae shield. The volume rate of inflow of tube-fed lava into
Makaopuhi Crater slackened. Temperature, flow velocity, and
dimensions of lava channels were measured or estimated through
openings or skylights formed by local collapse of the roof in the
upstream parts of the principal tube systems (figs. 16.15, 16.16).
Optical pyrometer and thermocouple measurements indicated mini-
mum temperatures ranging between 1,130 and 1,165 °C. Average
flow rates were 1.5—3.0 m/s; at times of low stands of Alae lake (for
example. on October 17), flow rates in the tube systems decreased to
about 0.2-0.5 m/s.

Lava flowage to the sea from Alae lake through the well
developed southeast-trending tube system continued until mid-
October, when lava from vent C was diverted to the east and
northeast, away from the tube system. By November 8, the diverted
lava had accumulated to form a well-defined lava pond, in effect a
much smaller version of the Alae lake. This northeast pond
periodically overflowed to construct a satellitic shield on the north-
eastern flank of the larger and complex Alae shield.

The diversion of vent C lava to the northeast diminished the
rate of lava supply to Alae lake and to the tube system between
Alae and the sea. Consequently, lava entry into the sea ceased
completely by about October 20, after having formed a lava delta
about 8.6x10° m3 in volume and 0.18 km? in area (Peterson,
1976, table 1).

By early November the main lava tube draining Alae had
become choked off at a point near the southeastern rim. Lava from
Alae spilled into Makaopuhi again briefly in late October and more
voluminously in mid-November (hg. 16.6D). The west pit of
Makaopuhi was then virtually full of lava, the irregular surface of
which sloped gently eastward from the west wall and averaged 2—3
m below the floor of the eastern mezzanine (hg. 16.17A).

ADDITIONAL GROWTH OF ALAE SHIELD

Activity at Mauna Ulu and Alae varied little for the
remainder of 1972; the Mauna Ulu lake level fluctuated between 28
and 36 m below the crater rim, but was most commonly at about 31
m. Steady outpouring of lava from vent C through surface channels
or short tubes fed numerous flows, which built the complex Alae
shield higher and wider. The areas of major growth included Alae
summit (around vent C) and three secondary vent areas on the
southern flank of the complex shield. Accretions around these
secondary vents, presumably the outlets of tubes within the shield,
rose as much as 10 m above the sloping flanks of the main shield.
Overflows also flooded the crusted surfaces of both compartments of
the Alae lava lake, obliterating their former distinct edges.

The growth of the Alae shield was the dominant and most
conspicuous activity in November—December 1972, but significant
overflows to the south built a new system of lava channels and tubes,
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FIGURE 16.10.—Profile of Mauna Ulu volcanic shield as seen from Alae, following February—March 1972 overflows; prominent knob is the 10-m-high

which gradually became well integrated. Toward the end of
December, lava was being transported progressively greater dis-
tances from vent C through an increasingly efficient channel-tube
system; as a result, shield-building processes became sporadic and
subordinate. By December 27, a partly roofed, south-trending
channel fed a flow that advanced to within 1 km of the edge of
Poliokeawe Pali (hg. 16.6D). The continuing lava-lake activity at
Mauna Ulu was not affected by the change of Alae’s main activity
from shield building to lava-tube development. In the months to
come, shield bullding would be only an mntermittent and minor
eruptive process at Alae.

JANUARY 1-MAY 4, 1973

RENEWED OVERFLOWS, LAVA-TUBE FORMATION, AND
LAVA ENTRY INTO SEA

Eruptive activity during January—April 1973 was dominated
by continued voluminous lava output from vents at Alae, develop-
ment of well-integrated lava-tube systems, and renewed entry of lava
into the sea. Mauna Ulus behavior during this interval remained
basically the same as that during much of 1972; the lava-lake level
was fairly steady, mostly ﬂuctuating between 30 and 35 m below the
crater rim (total range 24—41 m). Whereas during 1972 the surface
movement of the lake was most commonly from east to west, in 1973
no net circulation direction prevailed.

Vent C remained the principal source of lava output at Alae
during January—April 1973, and secondary nearby sources were
intermittently active. Gas-piston activity became notable at vent C:
a cycle consisted of the slow, quiet rise of the lava column for 15
minutes to one hour, followed by vigorous degassing and an abrupt

drop of 5—20 m in the level of the column. As degassing ended, the
quiet rise of lava resumed and the cycle repeated.

Associated with the steady activity at Alae during Janu-
ary—February, two major tube systems developed, one a south-
trending system that began in December 1972 and the other a
rejuvenated east-northeast-trending system toward Makaopuhi (fig.
16.18A). ‘Tube-fed lava from the south-trending system spilled over
Poliokeawe Pali and Holei Pali by January 12 and began to pond at
the base of Holei Pali. Extension of the east-northeast-trending
system resulted in renewed filling of Makaopuhi beginning on
January 24. By mid-February the west pit of Makaopuhi was filled
to the mezzanine level, and soon thereafter pahoehoe lava covered
more than half of the mezzanine floor (fig. 16.17B).

Pahoehoe flows fed by the south-trending tube system con-
tinued to spread slowly over the coastal flat and on February 24
reached the ocean about 1 km west of Apua Point (fig. 16.18A4),
marking the fifth consecutive year that lava from Mauna Ulu
eruptions had entered the sea. By March 20, the subaerial part of
the lava delta at Apua Point had grown to about 0.18 km?. Lava
entered the sea at Apua Point throughout March and April, and
the lava delta attained an area of about 0.29 kmZ and a volume of
13.0% 10° m? (Peterson, 1976, table 1). As m 1972, SCUBA-
diving scientists were again able to observe lava movement and
pillow formation beneath the sea surface.

While inflow into Makaopuhi dwindled and finally stopped m
early March, numerous overflows issued from two lava-tube sky-
lights about 100—120 m east-northeast of vent C. These overflows
and several from vent C itself resulted in a brief period of shield
building at Alae summit, but the rate of fiow in the south-trending
system showed no decrease.



16. THE 1972-1974 MAUNA ULU ERUPTION, KILAUEA VOLCANO 419

spatter cone of vent B. This profile changed little through late 1973. Composite of photographs taken by R.T. Holcomb, February 6, 1973.

Activity at Mauna Ulu and Alae through Apnil varied little
from that of earlier 1973. At times during this period, Mauna Ulu
and Alae lava lakes varied roughly in concert (fig. 16.19). In md-
March, part of the east wall of Mauna Ulu crater collapsed and the
lava lake lengthened eastward by about 20 m into the area of the
trough. However, within about a week, the collapsed part of the

wall was rebuilt and the lake perimeter retreated to near its former
position. Beginning in early April, the western part of the Mauna MAUNA ULU :g'%;:be
Ulu trench subsided, and lava from vent B reached the lake in the ento
western crater by periodic surface flows across part or all of the
trench floor, rather than by flow beneath it. Summit  Septu
crater entB /
EFFECT OF THE APRIL 26, 1973, HONOMU EARTHQUAKE gg:ger
At 1026 on April 26 i e
on April 26, an earthquake of magnitude 6.2 shook Pro-1988 rim—\ 7

the [sland of Hawaii. The hypocenter was 48 km beneath Honomu N of Alae Crater  \ Z
(fig. 16.1, inset) on the northeast coast of Hawaii (Unger and ' ,,/’ ;
others, 1973; Unger and Ward, 1979). Observations from the air r 0 100 200 300 400 METERS
and on the ground showed ne appreciable immediate effect of this L L1 1 )
earthquake on the eruptive activity at Mauna Ulu and Alae, but the EXPLANATION
south-trending lava-tube system feeding the flows entering the ocean .
near Apua Point apparently was sevegrely disrupted by subsurface % Hauid laveiake surfece Crusted lavariake surfoce
collapse-induced obstructions that impeded and ultimately halted B

lava transport.
The rate of lava entering the sea showed a temporary increase FIGURE 16.11.—Sketch map showing two compartments in lava lake at Alae and
immediately after the earthquake but then declined rapidly. By May location of vents C and D. Vent C was fed through lava tubes from Mauna Ulu

. ) trench and in turn supplied vent D through surface channels and tubes. Configura-
I, lava entry into the sea had ceased. Blod(age of the tubes above tion of Alae lava-lake surface varied daily, but the distinction of southwest and

Polickeawe Pali caused several copious overflows from upstream northeast compartments persisted for many weeks. See also Holcomb and others
skylights, which in turn fed spectacular cascades down the face of (1974, figs. 5-12, 5-13).
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FIGURE 16.12.— View to west showing island-like masses of semisolid lava developed in Alae lava lake, which was fed by lava issuing from opening at base of fuming vent C

spatter cone (center). Mauna Ulu shield, with its prominent vent B spatter cone, and Puu Huluhulu are seen in upper left. Photograph taken by D.W. Peterson, April
23, 1972.

Poliokeawe Pali and Holei Pali a few hundred meters east of the | and south rim of the crusted Alae lake. By May 3, the activity at
blocked tube system. These cascades continued until May 5. Tube | the secondary vents had nearly ended, and the lava column in vent C
blockage may also have caused the overflows and 5-m-high fountains dropped to about 7 m below the ground surface.

on May 1 from vent C and several secondary vents on the southwest We assume but cannot prove that this rather abrupt cessation in
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FiGURE 16.19.—Fluctuations in the depth from crater rim to the surface of lava lakes at Mauna Ulu and Alae compared with variations in the east-west component of
summit tilt measured at Uwekahuna. Data plotted are from Tilling and others (1986) and figure 16.4; tilt record has been adjusted to remove the 18-microradian offset

caused by the April 26, 1973 Honomu earthquake (see also figs. 16.4, 16.37).

the two deep pits of the crater; presumably lava had returned quietly
during the night. Each pool rose rapidly, particularly that in the
eastern deep pit. By May 15, the lava level in the eastern pit had
reached as high as 97 m below the crater rim, but the level for both
pits then fluctuated between 100—120 m below the rim during the
next several days (fig. 16.22B). Then the level again rose rapidly
and by May 25 the two pools had coalesced and the surface was 50
m below the crater rim. The level had risen another 10 m by May
30, and a small island of semisolid lava protruded above the surface
of the lake (fig. 16.22C). This island, though changing somewhat in

FIGURE 16.18.—Lava flows developed during 1973 and 1974 in the Mauna Ulu
region. A, January—April, 1973. B, May—October, 1973. Flows and vents of
the May 5 Pauahi-Hiiaka eruption are shown in greater detail in the inset. No
molten lava was seen at Alae after the June 9 draining of Mauna Ulu lava lake. C,
November—December, 1973. Major overflow from Mauna Ulu during November
4-8 and flows and vents of the November 1011 outbreak at and near Pauahi are
shown in greater detail in the inset. The flow field of Pauahi eruption was formed in
less than 9 hours of activity, but weak activity associated with the vent and perched
lava pond within the west pit of Pauahi persisted through December 9 (see fig.
16.29). D, January—June 1974. All flows were produced in eleven relatively
short-lived (no longer than 2 days) eruptive episodes: five in January—February,
two in March, three in April, and one in May—June (see text). The only flow that
advanced beyond Holei Pali in 1974 formed during the most voluminous eruptive
episode (May 31-June 2).

size and position and occasionally disappearing, persisted during
much of the subsequent lava-lake activity (figs. 16.22 D—F). Prior
to the 1972—74 Mauna Ulu eruption, the development and move-
ment of such semisolid masses in liquid lava had only been observed
at Halemaumau Crater within Kilauea’s summit caldera (see, for
example, Jaggar, 1920, 1947).

The lake continued to rise and on June 5 reached a level only
18 m below the rim, the highest stand since the overflows of
February—March 1972, before subsiding to a depth of 23 m by
June 7. Although the recovery of the lava lake was rapid, the
sluggish lava circulation that prevailed throughout this time suggests
that the effective viscosity of the lake lava was greater than before the
May 5 draining.

On May 30, when the lava reached the 40-m level in Mauna
Ulu, fresh lava was observed about 34 m below the crater rim in
vent C of Alae. As the lava rose at Mauna Ulu, the level
correspondingly rose at Alae, confirming the general sympathetic
variation in the levels of the two lakes noted earlier (fig. 16.19). On
June 5, when Mauna Ulu was at its highest level, the 100-m-
diameter crater of Alae was filled to within 5 m of the rim by an
active, bubbling lava lake. On June 7 the level at Alae subsided to
12 m, simultaneously with the drop at Mauna Ulu, and the lake
surface became entirely crusted over.
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FIGURE 16.20.— Aerial view looking east on May 6, 1973, showing dust-choked Mauna Ulu Crater and western half of trench (to vent B spatter cone, indicated by arrow),
which collapsed during draining of lava lake on May 5 (see text). Contrast between February—March 1972 overflows (dark) and 1969-71 lava (light) is obvious in this
photograph. Trail to left of crater leads to viewing platform established by the National Park Service for visitors to Hawaii Volcanoes National Park. Photograph taken
by R.T. Holcomb.

UNE 9 DRAINING OF LAVA LAKES: DEMISE OF ALAE VENT . . .
! k abruptly at 0350 on June 9, by which time the summit had deflated

At 2346 on June 8, strong harmonic tremor began abruptly, | by 8 microradians (fig. 16.4). When observers reached Mauna Ulu
accompanied by rapid summit deflation and earthquakes in the | summit after daybreak, they discovered that the lava lake had fallen
eastern part of the Koae fault system. This activity ended equally | to about 112 m below the crater rim—a drop of 94 m from its stand
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FICURE 16.21.—Hiiaka Crater after the eruption of May 5., 1973, show

(about 6 m above pond surface) marks highest stand of lava lake during the eruption. Photograph taken by R.T. Holcomb, May 6, 1973.

just four days earlier (fig. 16.19). The large drop again triggered a
rash of rockfalls from the unstable crater walls. The crusted lake at
Alae also had dropped, and no molten lava could be seen anywhere
on the rubble-covered floor of vent C, which was about 20 m below
the crater rim. In effect, the events of June 8—9 were a smaller scale
repetition of the May 5 draining of the lava lakes, but accompanied

this time by intrusion into the upper east rift zone and the eastern
part of the Koae fault system (Dzurisin and others, 1984, table 1)
without a surface outbreak.

The lava lake at Alae never recovered from the June 9
draining, and all vent activity ceased there for the remainder of the
eruption. However, the lava lake at Mauna Ulu immediately began
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B

FiGURE 16.22. —Filling and draining of Mauna Ulu Crater during the period

May—November 1973; all views are eastward from the western end of the crater.
A, Summit crater one day after the lava lake drained; crater is approximately 100
m wide and 200 m deep. Vent B spatter cone (arrow) serves as reference landmark
in later views. Photograph taken by R.I. Tilling, May 6, 1973. B, Renewed
eruption has begun to fill the crater. Lava is shown here flowing over the levee of the
lava lake in the eastern part of the crater and into deeper western part. Photograph

taken by R.1. Tilling,. May 18, 1973. C, Filling of the crater resumed following
draining of the lava lake on June 9. Here levees confine an active lava lake that
frequently overflowed into the surrounding moat. A semisolid island in center of
lake, which first formed in late May and then briefly foundered following the June 9
draining, reappeared as the lake rose. Photograph taken by R.I. Tilling, June 15,
1973. D, The island has grown larger, and the surface of active lake has decreased
also as levees grew inward from the crater walls. Dominant flow direction of lake
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FIGURE 16.29.—View from Pauahi’s west pit on December 5, 1973, toward Puu Huluhulu (arrow) and Mauna Ulu shield to right of it. Continued eruption in Pauahi’s
west pit through December 9 built a low lava shield, the small summit crater of which contains a perched pond of molten lava (lower left). Small amounts of lava from this

perched pond have flowed across septum into the east pit. Also seen are the high mark of lava lake in east pit before drainback, and the fissure that fed the east-pit lake.
Photograph taken by R.T. Holcomb.

The first of the 1974 eruptive episodes began on January 24 | lava fountain (figs. 16.31, 16.32) fed by vent E, (hg. 16.3) filled
and was preceded by several days of heightened harmonic tremor, | Mauna Ulu to the brim, built a 15-m-high spatter cone atop the
increased shallow summit earthquakes, and summit inflation (fig. | shield, and fed numerous overflows, one of which advanced more
16.30). During the ensuing 36-hour burst of activity, a 60-m-high | than | km from the vent. This episode was accompanied at Kilauea
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FiGURE 16.30.—Correlation of the eruptive episodes during January—March 1974, characterized by vigorous fountaining and voluminous overflows, with vanations in
Uwekahuna tilt and daily number of shallow (depth less than 5 km) summit earthquakes (see table 16.3 and text).

summit by abrupt but modest deflation and a decrease in seismicity.
Once the episode ended, inflation began again and seismicity
increased immediately, culminating in another eruptive episode on
January 29. During the quiet period between the two eruptive
episodes, low-level activity persisted at Mauna Ulu. The crusted
lava-lake surface sagged to about 3 m below the rim, and bursts of
spatter from vigorous gas-piston degassing reached heights of 20 m
above the vent.

The time, duration, amount of inflation or deflation, tilt
variations, and summit seismicity for five exceptionally well docu-
mented eruptive episodes during January—February 1974 are sum-
marized in table 16.3 and figure 16.30. Lava spilled over all flanks
of the Mauna Ulu shield during each episode, but the most
voluminous overflows were directed northward. Much lava ponded
in the saddle between Mauna Ulu and Puu Huluhulu, and a well-
defined levee grew around the pond during the January 24-26
episode (hg. 16.32).

A month-long quiet peried followed these January—February

eruptive episodes; during the first part of this (February 15—March
5), vent activity was restricted entirely to the vent E; spatter cone at
Mauna Ulu summit. On March 5 a new vent (designated F) opened
about 140 m east-northeast of vent E, (hig. 16.3), accompanied by
summit deflation of about 2 microradians. Both vents E, and F
operated until March 17, and lava output from each varied within
the range 2—5 m?/s. Both vents exhibited gas-piston activity that
generated spatter, enlarged their cones, and fed numerous short-lived
flows. Their activities, however, could not be closely correlated in
time; any connection between them was apparently complex despite
their close proximity.

Two eruptive episodes occurred in March (table 16.3 and hg.
16.30). The first began in the early evening of March 17, lasted
about 30 hours, and resulted in a summit deflation of about 5.5
microradians. In contrast to the January—February episodes, this
one produced a maximum fountain height of only 15 m, even though
lava output was equally great. South-directed overflows advanced 3
km (hg. 16.18D). The eruptive episode of March 23-24 (fig.
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FIGURE 16.31.— Lava fountain and thermal plume produced during January 24—26 eruptive episode of Mauna Ulu viewed from Hawaiian Volcano Observatory more than

12 km away. Photograph taken by R.T. Holcomb, January 24, 1974.

16.30) produced copious overflows mainly directed southward and
built the vent E; spatter cone even higher (fig. 16.33). This episode
also included strong rockfall activity at Pauahi Crater. These
frequent and large rockfalls, combined with high-amplitude tremor

and rapid deflation, were reminiscent of the precursors to the May
1973 and November 1973 eruptions in the Pauahi area. This time,
however, the movement of magma into the Pauahi area remamed
entirely underground and fed a brief intrusion into Kilauea’s east nft
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zone (Dzurisin and others, 1984, table 1), which had no observable
effect on activity at Mauna Ulu. The sharp deflation ceased at 0700
on March 24, signaling the end of the episode. However, even
though vigorous vent activity and voluminous surface overflows had
largely ended by the morning of March 24, lava primarily from vent
F continued to feed a south-moving flow through a channel-tube
system. This flow cascaded over Poliokeawe Pali on Apnl 3 and
stopped several hundred meters farther two days later. During
March, the southeastern flank of Mauna Ulu became underlain by a
complex maze of anastomosing lava tubes, and there were abundant
opportunities to observe lava-tube processes.

During the first half of April, relatively quiet activity prevailed
at Mauna Ulu. The spatter cone at vent £, (fig. 16.33) collapsed
on April 2, and continuing collapse resulted in a small (20 m by 15
m) active lava lake, which commonly exhibited gas-piston behavior.
This activity apparently was confined to the area of the Mauna Ulu

vents, as it was not reflected by Kilauea summit deflation or inflation.
However, three larger eruptive episodes in mid-Apnl (Apirl
13—14, 16—17, and 18—19) were accompanied by summit defla-
tions of 5, 1.5, and 2 microradians, respectively. These episodes

FIGURE 16.32.—View from the summit of Puu Huluhulu on January 25, 1974,
during first of a series of brief eruptive episodes that were interspersed with longer

quiet periods of only feeble visible activity. The lava fountain was about 60 m high. A K
The lava lake surrounding the vent overflowed the confining levee and fed a copious produced overflows, which moved down all sides of Mauna Ulu but

flow that ponded in the saddle between Mauna Ulu and Puu Huluhulu (middle | did not enter the eastern part of the trench. The Apnl 13—14

foregroundl Ponded flow developed levees and evolved into a perched lava pond. | gverflows continued virtually nonstop for 16 hours, and a dome
lopographic feature to the left of lava fountain is the spatter cone of vent B.

Photograph taken by R.T. Holeomb, fountain 5—-10 m high played for many hours from an opening

between vents E; and F (an excellent example of a dome fountain is
shown by Swanson and others, 1979, fig. 28).

No well-defined eruptive episodes occurred during late April,
but activity during this time was nonetheless fairly strong. All vent
activity was confined to E; and a 2-m-wide new opening (desig-
nated E,) 30 m farther east (fig. 16.3); vent F became inactive.

TABLE 16.3.—Date and time of beginning and end of eruptive and associated premonitory quict periods, and duration and amplitude of Kilauea summit deflation and inflation as
measured by Uwekahuna mercury-pool tillmeter January 20 to February 15, 1974

[All times given are in Hawaii standard time]

Quiet periods Eruptive episodes

Inflation Activity Deflation
. e Duration Amount : Beginning Beginning - 5 Duration Amount

B ining End 4 o 0

eginning e (hours) (microradians) Ko intermittent continuous End Beginning End (hours) (microradians)
1/20, 2200 1/24, 1900 93 5.6 I 1/24, 0800 1/24, 1400 1/26, 0500 1/24, 1900 1/26, 0530 35 5.1
1/26, 0530 1/29, 1400 90 5.0 IT 1/29, 1800 1/29, 2400 1/30, 2400 1/29, 2400 1/30, 2400 24 7.3
1/30, 2400 2/2, 0400 52 4.5 ITI 2/1, 1100 Not observed, 2/2, 1607 2/2, 0400 2/2, 1600 12 5.8
but

cont inuous
by 2/2, 0545

2/2, 1600 2/8, 2000 148 6.9 v 2/8, 1900 2/9, 0100 2/9, 0600 2/8, 2000 2/9, 0700 11 5.0

2/9, 0700 2/14, 2000 133 6.8 v 2/14, 0300 Never 2/15, 0830 2/14, 2000 2/15, 0900 13 4.9
continuous,
but
intermittent
fountaining
became
strongest on
2/14, 2200
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FIGURE. 16.33.— View of Mauna Ulu shield from the west on March 27, 1974, showing steep-sided spatter cone of vent E;, which collapsed on Apnl 2. Flank of Puu
Huluhulu is seen center left; Alae shield is behind and to right of Mauna Ulu. Photograph taken by R.1. Tilling.

Many brief but copious overflows from E, and E, added to the
shield, burying vent F in the process. By the end of Apnl, the
height of the Mauna Ulu shield had increased about 15 m, to 117 m
above the pre-1969 base, and its width increased proportionately.
During the period of rapid shield growth, a sustained flow fed by
vent ., formed a tube system that extended southward. Lava spilled
over Poliokeawe Pali on April 30, and on May 7 the flow front
reached the lip of Holei Pali before stopping the next day.
Gas-piston processes dominated the behavior of the overflows:
a strong overflow would issue from vent E, or E, for a period of 5
minutes to more than one hour; then a brief but spectacular burst of
degassing would abruptly terminate the overflow, and the lava
column would drop 10-20 m. The lava column would then rise
slowly over a period of 15 minutes to several hours. When the lava
reached the rim of the vent, a new overflow would begin. The gas-
piston cycles of vents E| and E, apparently operated independently.
During May, the eruptive activity at Mauna Ulu progressively
declined: overflows stopped, lava in channels and tubes solidified,
and the lava column dropped several meters. Piecemeal wall col-
lapse enlarged vents E, and E,; by May |2 the two openings
coalesced to form an elongate crater, which measured approximately
40 m by 90 m on May 20. The lava lake within the western part of
this crater was about 15—20 m below the nim. Lava circulated from
west to east and then plunged over a septum into a pit at least 50 m

deep in the eastern part of the crater.

During late May, lava-lake circulation became increasingly
sluggish until the late evening of May 29, when summit deflation
began and harmonic tremor increased. By the next moming the
summit crater at Mauna Ulu had refilled, and low fountams were
active along much of the lake margin. Lava was spilling over at two
points on the southeast rim, and a flow already had advanced nearly
2 km southward. As the day progressed, the activity increased, as
did the rate of summit deflation. During the night of May 30, gassy
fountains at the lava lake threw spatter about 20 m high, and
voluminous overflows began to cascade down all sides of the Mauna
Ulu shield.

Fountains and overflows continued until June 1, when weather
conditions permitted excellent aerial photography during peak
activity (fig. 16.34). Most of the lava traveled southward, and the
main flow poured over Polickeawe Pali and Holei Pali (fig. 16.35).
At about midnight the summit deflation stopped and inflation
resumed; overflows ended about 0200 on June 2.

The May 29— June 2 eruptive episode was the largest of 1974
and was accompanied by about 10 microradians of summit deflation.
It added another 4 m of lava to the Mauna Ulu shield to raise its
summit to the maximum height reached during the 197274 erup-
tion, 121 m above the pre-1969 ground surface (Peterson and
others, 1976), and sent lava over Holei Pali for the first time in 1974
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FIGURE 16.34. —Vertical aenal photograph (north is to left) taken June 1, 1974,
showing active radial overflows from Mauna Ulu lava lake during the May— June
eruptive episode. Also shown (center) are summit crater of Puu Huluhulu and lava
pond in saddle between Mauna Ulu and Puu Huluhulu, which first formed in
January 1974 (fig. 16.32) and was reactivated during several later eruptive
episodes. Photograph taken by R.M. Towill Corporation.

(hg. 16.18D). This episode, as it turned out, also knelled the end of
the 1972—74 Mauna Ulu eruption.

CESSATION OF THE 1972-74 MAUNA ULU ERUPTION

Soon after the May—June eruptive episode, Mauna Ulu's
summit lake subsided, and lava circulated sluggishly 20—32 m below

FIGURE 16.35.—Lava stream of May—June 1974 eruptive episode becomes
braided during cascade over Poliokeawe Pali (about 165 m high). Northwest is to
left; lava Alows from upper left to lower right. Vertical aerial photograph taken by

R.M. Towill Corporation on June 1, 1974.

VOLCANISM IN HAWAII

the crater rim. In response to the lower lake level, numerous rockfalls
from steep and overhanging walls enlarged the crater at its rim from
40 m by 90 m on May 20 to 107 m by 147 m by June 20. Lava
activity declined through June and much of July; the lava lake
changed little in configuration and was largely obscured by fumes.
Circulation became increasingly sluggish, and the crusted and rubbly
lake surface continued to subside gradually, approaching about 40 m
below the rim by mid-]July.

As Mauna Ulu activy waned, the summit region of Kilauea
remained highly inflated, the tilt at Uwekahuna fluctuating within a
range of 4 microradians. A summit eruption on July 19-22
(Peterson and others, 1976) caused no observable changes in the
already feeble activity at Mauna Ulu. Following the summit erup-
tion, however, the small, subsiding lava pool disappeared beneath
the rubble-covered crater bottom. After July 22, no molten lava was
visible anywhere on Kilauea, and harmonic tremor in the Mauna
Ulu area ceased.

Months after July 22, Mauna Ulu Crater was obscured by
extremely heavy emission of fumes. Visible observations of the crater
were impossible, but sounds of rockfalls were commonly heard,
indicating continued piecemeal collapse of the walls and possible
subsidence of its rubbly floor. During November 1974, attempts
were made to determine the depth of the crater by hurling percus-
slon-Impact, noise-emitting probes into the crater and measuring the
time elapsed between release and impact. These measurements
yielded six depth estimates ranging from 56 m below the rim in the
shallow northwestern part of the crater to 133 m in the considerably
deeper eastern part. Large uncertainties are attached to these
measurements, but they nevertheless suggest that the deepest parts of
Mauna Ulu Crater in November 1974 (averaging perhaps 130 m)
were Considerably shallower than the maximum depth of 200 m
measured following the complete drainage of the lake in May 1973.
The decrease in depth presumably reflected solidification of residual
lava and partial filling of the crater by rockfall debris. The depth of
the Mauna Ulu crater at the end of the 196971 eruption was 145
m (Swanson and others, 1979, fig. 7).

GROUND DEFORMATION AND SEISMICITY

The general relations between eruption, intrusion, ground
deformation, and seismicity at Kilauea Volcano have been well
documented from systematic studies by scientists of the Hawanan
Volcano Observatory since its founding in 1912, A comprehensive
model that integrates the data on subsurface structure, magma
storage and transport, and eruptive processes was first described in
the early 1960’ (see Eaton and Murata, 1960; Eaton, 1962); many
subsequent studies have refined and increasingly quantified this
model (for example, Fiske and Kinoshita, 1969; Swanson, 1972;
Kinoshita and others, 1974; Koyanagi and others, 1976a, b;
Swanson and others, 1976b; Ryan and others, 1981, 1983; Ak
and Koyanagi, 1981: Dvorak and others, 1983; Dzurisin and
others, 1984). In the discussion to follow, we assume that the reader
is familiar with the well-documented behavior typically observed for
Kilauea rift activity: between eruptions, summit inflation occurs as
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TABLE 16.4,.—Dates of reoccupations of the ground-deformation networks of
Kilauea summit pertinent to 1972—74 Mauna Ulu eruption

[Measurements obtained during these reoccupations provide the data for figures 16.38-16.43.
Some reoccupation periods were prolonged because of inclement weather. Reoccupations of
two or more types of networks during a closely bracketed time period are indicated by an
asterisk (*). Data are stored on magnetic tapes at the Hawaiian Volcano Observatory]

Level Tilt Trilateration

Inflation period before eruption

* 9/29-30/71 10/1-7/71 10/4-7/71
10/20-22/71

11/1-2/71

11/11-12/71

11/19-24/71

* 11/30-12/1/71 11/29-12/1/71

12/13-14/71
* 12/27-30/71 12/20-23/71
1/10-11/72
* 1/17-20/72

1/26-28/72 1/26-28/72

During the 1972-74 Mauna Ulu eruption

2/1-9/72
2/22-25/12
3/7-9/72
4/3-1/12
4/17-18/72
* 6/12-13/72 6/5-8/72 6/5-14/72
7/17-20/72
8/21-29/72
9/27-29/72
12/4-11/72

* 12/4-13/72 12/5-29/72

3/13-26/73
* §/10-11-73

5/7-14/73 5/7-10/73

5/21-6/1/73
6/26-28/73

5/29-6/1/73
(partial)

*  9/19-20/73
* 11/13-14/73

9/20-10/3/73 9/24-27/73

11/11-14/73 11/15-21/73

12/10-20/73

1/14-29/74
3/12-25/74

* 4/4-5/74 4/1-3/74
5/22-30/74

* 7/26-31/74 7/22-26/74 7/22-25/74

magma is supplied from the upper mantle to a reservoir 2—4 km
deep; during flank eruptions, summit deflation occurs as magma
moves into a rift zone.

Ground-deformation and seismic data for the 1972-74
Mauna Ulu eruption are summarized in table 16.4 and figures 16.4
and 16.36-16.46. In general, crustal deformation and seismicity
during the 1972—74 Mauna Ulu eruption were typical for Kilauea
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east-rift eruptions. Periods of weak or no vent activity generally
correlated with net inflaion and increased number of shallow
earthquakes in the summit region, whereas vigorous eruptive activity
correlated with deflation and reduced summit seismicity.

VARIATION IN SUMMIT TILT MEASURED AT UWEKAHUNA

Tilt at Kilauea summit, especially as measured daily by the 3-
m-base, water-tube tiltmeters at Uwekahuna vault (fig. 16.1) to a
precision of about | prad (I microradian), provides a sensitive and
continuous record of the inflation-deflation state of the shallow
magma reservoir. These daily measurements are augmented by
continuously recording mercury-pool capacitance tiltmeters at the
same site; data from these instruments correlate well with the daily
water-tube measurements. In addition to these tilt-measurement
instruments, Kilauea caldera is laced by the summit electronic-
distance-measurement (EDM) monitor (fig. 16.36). The five EDM
lines of the summit monitor are measured on a fairly frequent basis
between periodic occupations of the entire summit trilateration
network of 47 lines (Kinoshita and others, 1974, fig. 9). In general,
summit inflation is indicated by extensions on these EDM lines and
deflation by contractions.

Summit tilt measured at Uwekahuna (figs. 16.4, 16.37)
generally correlates systematically with evidence of inflation and
deflation from leveling, trilateration, and gravimetric data (Dzurisin
and others, 1980, 1984; Dvorak and others, 1983). Because the
locus of maximum uplift most commonly lies southeast of the
Uwekahuna site, northward down tilt on the north-south axis or
westward-down tilt on the east-west axis almost always indicates
inflation; similarly, opposite senses of relative tilt of the two compo-
nents generally indicate deflation. As will be seen, however, excep-
tions to this general relationship sometimes occur.

For the 1972—74 Mauna Ulu eruption, the east-west compo-
nent of the Uwekahuna tilt shows the variations more clearly than
does the north-south component; for convenience we discuss the
summit tilt in terms of change in microradians (+, apparent
inflation; —, apparent deflation) only in this east-west component
(fig. 16.4). Whether the apparent inflation or deflation registered by
the Uwekahuna tilt corresponds to actual inflation or deflation of the
entire summit region can be evaluated by comparison of level, ground
tilt, and trilateration surveys. With the exception of those related to
non-elastic rotation of tectonic blocks, large changes in Uwekahuna
tilt indicate true summit inflation or deflation, but small changes may
not be amenable to simple interpretation. Like Dzurisin and others
(1984, p. 191), we assume that net summit inflation reflects
increased summit storage and cumulative summit deflation reflects
increased rift-zone storage, which can be manifested as eruptive
activity, intrusive activity, or both.

The variation curve for Uwekahuna tilt during 1972-74
shows two plateau-like segments (fig. 16.37), each of which is
characterized by variations in tilt of less than 25 prad during
periods of at least 8 months. The first of these segments encompasses
the period from the start of the eruption through April 1973, and
the second period from December 1973 to the end of the eruption.
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FIGURE 16.36.—Map showing location of the electronic-distance-measurement (EDM) bench marks (triangles) of the Kilauea summit trilateration network. The straight
lines shown make up the so-called summit EDM monitor: solid lines are remeasured more frequently than dashed lines (see fig. 16.39). Distances between all other bench
marks in the summit network (Kinoshita and others, 1974, fig. 9) are remeasured periodically depending on eruptive activity. Craters, the summit caldera, and faults in

the rift zones shown for reference. HVO, Hawaiian Volcano Observatory.

These two prolonged periods of little net change in summit tikt
suggest that a quasi-steady-state regime prevailed in the summit
magma reservoir: supply of magma to the reservoir was counter-
balanced by migration of magma into the east rift zone. This delicate
balance was upset in early May 1973, possibly as a consequence of
the Honomu earthquake (April 26, 1973), after which magma
entered the reservoir faster than it was transferred to the rift zone,
and net summit inflation occurred for the next seven months.
December 1973 marked the reestablishment of open communication
between the summit reservoir and the Pauahi-Mauna Ulu area, and
the second period of quasi-steady state magma transfer began.
The amount of summit deflation during the May 1973 and
November 1973 eruptions, about 20 prad for each (fig. 16.37), is

similar to the range of tilt oscillations during the various stages of the
1972-74 Mauna Ulu eruption (variation within the shaded bands
in fig. 16.37). We suggest that the gross equivalence of the ranges of
tilt changes reflects transfer of magma from the summit reservoir to
the rift zone in increments just sufficient to maintain a quasi-steady-
state condition that prevailed during most of the eruptive period.
A more detailed plot of the Uwekahuna tilt record for the
1972-74 Mauna Ul eruption (fig. 16.4), adjusted for the
18-prad tectonic offset caused by the April 1973 Honomu earth-
quake, reveals interesting second-order variations. The reap-
pearance of lava at Mauna Ulu on February 3, 1972, did not
appreciably disrupt the marked trend of net inflation that began in
mid-1971. On February 5, the summit tilt reached a maximum since
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FIGURE 16.45. —Cumulative numbers of earthquakes with well-determined hypocenters, magnitude 1 or greater, at Kilanea from January 1969 to June 1974. A, Subcrustal
earthquakes (reference area: lat 19°11” to 19°33’ N., long 154°48" to 155°20° W.). Dashed line is extrapolation of slope for period before onset of 1972-74 Mauna
Ulu eruption. B, Earthquakes of crustal depth (reference area: same as for subcrustal earthquakes) and shallow earthquakes in the summit area and east rift zone
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extrapolation of slope of crustal-earthquake plot for pre-eruption net summit inflation beginning in mid-June 1971 (fig. 16.37); slope decreases after onset of 197274
eruption and then is similar to that during the 1969-71 Mauna Ulu eruption.

SEISMICITY BEFORE AND AFTER THE 1972-74 MAUNA ULU

brief overview of the variation in seismicity (figs. 16.44—16.46) ERUPTION

within the framework of the chronological narrative of volcanic
activity. Systematic, more quantitative studies of the selsmicity Seismicity during the 1972-74 Mauna Ulu eruption was
associated with the 1972—74 Mauna Ul eruption are pending. moderate relative to that of the preceding and subsequent periods.
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FIGURE 16.46. - Variation in seismicity during 1972—1974 Mauna Ulu eruption. Data also shown at smaller scale in figure 16.44. Significant changes in eruptive activity
correlate with increased seismicity. Shallow summit-area earthquakes for the period January to March 1974 are shown in greater detail in figure 16.30.

Occurrence of long-period earthquakes at crustal depths (5—13 km)
beneath Kilauea’s summit became more frequent beginning in June
1971 (hgs. 16.44, 16.45B), at about the same time as summit
inflation. The generally reduced level of seismicity during the
1972—-74 Mauna Ula eruption, particularly of shallow (short-

period) summit and east-rift earthquakes (depth less than 5 km), is
especially evident during the first period of quasi-steady-state
activity during February 1972—April 1973. Moreover, the occur-
rence of deeper Kilauea earthquakes (13—50 km) during the
1972—74 Mauna Ulu eruption decreased, as compared with that
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during the 1969—71 Mauna Ulu eruption (fig. 16.44A).

As commonly observed at Kilauea, variations in the number of
shallow summit earthquakes correlate closely with variations in tilt
measured at Uwekahuna (see figs. 16.4, 16.37, 16.44—16.46).
This correlation is well exhibited during the June 1971—January
1972 period, when the 1969—71 Mauna Ulu eruption gradually
ended and the summit inflated in response to increased storage of
magma in the summit reservoir (Duffield and others, 1982). A
similar correlation exists between net inflation and incidence of
upper-east-rift earthquakes during this period, implying periodic
leakage of magma into the rift zone as the stressed summit reservoir
failed repeatedly during reestablishment of the magma conduit
system leading to Mauna Ulu. Within this context, the August 1971
summit eruption and the September 1971 southwest-nift eruption
may be considered as massive and rather abrupt leakages by surface
venting, inasmuch as the strong net summit inflation was only briefly

interrupted by these events (Duffield and others, 1982).

SEISMICITY DURING THE ERUPTION

Sporadic bursts of low-level harmonic tremor in the summit
region and upper east rift were recorded throughout the September
1971—-January 1972 period of summit inflation. However, tremor
increased in amplitude and became sustained in the early morning of
February 4, 1972, only a day after the start of renewed eruption at
Mauna Ulu. Within the next two days, as the new lava lake rose
rapidly and vent activity increased, the numbers of shallow summit
and upper-east-rift earthquakes decreased dramatically and there-
after remained low through April 1973 (fg. 16.46). This prolonged
period of low seismicity implies the existence of a highly efficient and
open system of magma transfer between the summit reservoir and the
eruption site. We interpret the gradual net decline of shallow summit
earthquakes during this period as reflecting a progressive improve-
ment in the ability of the conduit system to transfer magma freely.
Most of the conspicuous departures from the prevailing background
of low seismicity can be correlated with changes in eruptive and
associated activity and are so annotated in figure 16.46. Perhaps the
most notable seismic events in 1972, however, were those associated
with the continuous lava inflow into Makaopuhi in June—July and
with the intense rockfall activity at Makaopuhi in August (Tilling
and others, 1975), rather than with vent activity at Mauna Ulu or
Alae.

An abrupt change in the magma-transfer regime, beginning in
early May 1973, is clearly reflected in a seismic signature that that is
distinct from that for the previous 15 months (figs. 16.44, 16.46).
We correlate this change with obstruction of the magma transfer
conduit caused by the April 26, 1973, Honomu earthquake,
although we concede that their coincidence in timing could be
fortuitous. Whatever the cause, the changed magma regime was
expressed initially by an immediate increase in the number of shallow
summit earthquakes, followed by increased east-rift seismicity in
early May that preceded and accompanied the May 5 draining of
Mauna Ulu and Alae lava lakes, the Pauahi-Hiiaka eruption, and

the associated intrusion into the Koae fault system. After the
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eruption, the level of earthquake activity and harmonic tremor
remained high until the early morning hours of May 6. Most of the
carthquakes during this time occurred in the upper east rift zone and
in the middle and eastern portions of the Koae fault system, with a
secondary zone of seismicity around the summit caldera. Weak
tremor, fluctuating in intensity, continued for about a week after-
ward.

Lava returned to Mauna Ulu’s crater on May 7 and to Alae
on May 30. Alae was probably entirely tube fed from Mauna Ulu,
although local, limited feeding by dikes could also have occurred.
The posteruption reinflation and related increase in the number of
shallow summit earthquakes suggest that the reestablished link
between the summit reservoir and Mauna Ulu and Alae was not a
good conductor of magma. Alternatively, the increase in seismicity
may reflect adjustment in brittle rock of the summit region and east
rift zone during reinflation of the magma reservoir. After May 5,
both the east-rift and summit seismicity were characterized by higher
background levels than previcusly (fig. 16.46). The partial draining
of Mauna Ulu lava lake and the demise of the Alae vent in early
June are not clearly recognizable in the record of east-rift seismicity,
though they are reflected by brief deflation at Uwekahuna and
associated slight decrease in summit seismicity. The next significant
increase in east-rift seismicity after the May 5 eruption occurred in
late July 1973 (fig. 16.46), when collapse of the Mauna Ulu Crater
floor triggered a flurry of rockfalls.

The month-long dramatic increase in the number of shallow
summit earthquakes during October 1973 was the most noteworthy
seismic activity since late 1971 and coincided with a period of strong
inflation. The heightened seismicity began to wane in late October,
when renewed vigorous activity in the rapidly rising Mauna Ulu lava
lake indicated increased east-rift magma storage, and returned to
background levels with the onset of the overflow from Mauna Ulu
during November 4—8. Curiously, the east-nift seismicity preceding
and accompanying the draining of Mauna Ulu lava lake and the
November 10 outbreak at Pauahi was relatively weak and short-
lived compared to that for similar events in May 1973 (fig. 16.46).
The reappearance of Mauna Ulu lava lake on December 13 was
heralded by increased local harmonic tremor, but otherwise it was
not expressed seismically, either at the summit or the east rift zone.

We have postulated a period of quasi-steady-state activity from
December 1973 to July 1974, largely on the basis of the small net
change in Uwekahuna tilt. However, we have shown that this period
differs from the quasi-steady-state period of February 1972—April
1973 in eruptive style. It also has a different seismic signature,
characterized by significantly greater variation in the number of
shallow summit earthquakes, which generally can be correlated with
more variable oscillations in Uwekahuna tilt. The variations in both
seismicity and Uwekahuna tilt during the final 8 months of the
eruption bear a crude resemblance to those during stages 2 and 3
(January 1970-June 1971) of the 1969-71 Mauna Ulu eruption
(fig. 16.44; Swanson and others, 1979, pl. 2).

The irregular increase in the number of shallow summit earth-
quakes following the November 10, 1973, Pauahi outbreak is

inferred to reflect increased summit storage, even while the conduit
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system between the summit and Mauna Ulu was gradually becoming
more open and efficient in magma transfer. By mid-January 1974,
the magma pathway between the summit reservoir and Mauna Ulu
was fully reestablished, as evidenced by the precise correlation
among the bursts of high fountaining and overflows, summit seis-
micity, and minor changes in Uwekahuna tilt during the five closely
spaced eruptive episodes during January—February 1974 (figs.
16.30, 16.46; table 16.3). We believe that such an exact correlation
can be achieved only if the magma transfer system between the
summit reservoir and Mauna Ulu is fully engorged in order to
maintain hydraulic equilibrium.

Shallow summit earthquakes typically increased in number
before observed eruptive episodes during January—June 1974, but
summit seismicity dropped abruptly and summit deflation began
immediately before the high lava fountaining and voluminous over-
flows of the eruptions. As the summit deflated and magma moved to
the eruption site during most such episodes, east-rift seismicity
increased and summit seismicity decreased, in a manner like that
during some of the high-fountaining events in stage 1 of the 196971
Mauna Ulu eruption (Swanson and others, 1979, pl. 2) and the
well-documented example of summit to east rift magma transfers

during April-August 1980 (Dzurisin and others, 1984, fig. 4).

VARIATION IN HARMONIC TREMOR

At Kilauea and well-monitored volcanoes elsewhere in the
world, harmonic tremor has been shown to be linked to magma
movement, surficial as well as subterranean, and to commonly
precede and accompany intrusions and eruptions (Aki and
Koyanagi, 1981). As during the 1969—71 Mauna Ulu eruption,
shallow harmonic tremor in the upper east rift zone and summit area
occurred at varying intensities throughout the 1972—74 Mauna Ulu
eruption. Harmonic tremor typically increased in intensity and (or)
became sustained shortly before and during changes in loci of
energetic vent activity, including the opening of new vents. When
visible activity was feeble or absent, harmonic tremor typically was
more sporadic and barely detectable; on rare occasions, for as long
as a few days, tremor decreased to levels too low to be discerned
from background with normal gain settings of the seismic instru-
ments.

Of perhaps greater significance is the increased occurrence of
the so-called deep harmonic tremor during the period 1969-75
(Dzurisin and others, 1984). Such tremor is believed to originate in
Kilauea's deep magma source region at a depth of approximately
40-50 km and to reflect the production and ascent of magma
supplying Kilauea’s shallow summit reservoir. A marked increase in
the amplitude and duration of recorded deep tremor was observed
coincident with the onset of the 1969-71 Mauna Ulu eruption.

The trend of increasing deep tremor peaked at the end of
1972, but occurrence remained much above average through 1975
(Dzurisin and others, 1984, fig. 10). We suggest that the period of
maximum deep tremor correlates with the February 1972—April
1973 period of quasi-steady-state activity at Mauna Ulu. However,
the increased occurrence in deep tremor apparently was not accom-
panied by concomitant increase in deep or crustal earthquakes at
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Kilauea (fig. 16.45). The foci of Kilauea crustal earthquakes (depth
5—13 km) are interpreted to define the feeding conduits from the
deep magma source region to the shallow summit reservoir
(Koyanagi and others, 1976a, fig. 5). Thus, our data may corrobo-
rate the speculation of Dzurisin and others (1984, p. 203) that “the
rates of deep magma production and shallow supply to Kilauea may
be closely linked” and that “a pulse of relatively rapid magma supply
during 1968—1975 may have been responsible for the sustained
eruptions at Mauna Ulu during 1969—-1971 and 1972-1974.” We
recognize, however, that the correlation between deep tremor,
magma supply, and eruptive activity is imperfect. For example, the
1967-68 Halemaumau eruption (Kinoshita and others, 1969) had
the same magma supply rate as the 1969—1971 Mauna Ul
eruption (Swanson, 1972) but there was little associated deep
tremor (Dzurisin and others, 1984, fig. 10).

SIGNIFICANCE OF THE 1972-74 MAUNA ULU
ERUPTION

During the 1969-71 eruption, volcanic shield development
was greatest during periods characterized by numerous short-
distance and short-duration overflows from the main vents at Mauna
Ulu. Swanson and others (1979, fig. 6) traced in detail the growth
of Mauna Ulu shield, whose height grew at an average rate of about
6 m/mo and reached 80 m above the pre-eruption ground surface by
the end of the major overflow activity in July 1970. At Alae, the
complex filling, overflows, and draining of the lava lake between
February 1969 and April 1971 resulted in net accretion of 29—40
m of lava above the rim of buried Alae Crater (Swanson and
Peterson, 1972, fig. 2; Swanson and others, 1972, fig. 10).
However, when activity ended in 1971, the altitude of the lowest
point on the Alae lake surface, which rose or dropped by much as
19 m in response to the individual episodes of filling and subsidence,
was determined in June 1971, after final settling, to be about 6 m
higher than the pre-1969 datum (Swanson and Peterson, 1972,
table 1).

During the 1972—74 eruption, countless overflows from vent
C and subsidiary vents at Alae again filled the shallow subsidence
bowl formed in 1971, and they accreted approximately another 60 m
onto the complex Alae shield, increasing its height to about 100 m
above the pre-1969 datum (the pre-eruption southeast rim of Alae
Crater at 915 m above sea level, the same datum used by Swanson
and Peterson, 1972).

At Mauna Ulu, the shield grew only slightly and irregularly
from many small overflows during February—March 1972 and
again during early November 1973. Vigorous growth comparable
to that during 196970 occurred only during voluminous but short-
lived eruptive episodes in 1974. By the end of April 1974, the
height of the Mauna Ulu shield was 117 m above the pre-May 1969
ground surface (datum is 951 m above sea level, the same as used by
Swanson and others, 1979, fig. 6) and its width increased propor-
tionately. The final and most voluminous overflow of May 29—]June
2, 1974, added another 4 m to the summit of the shield, resulting in
its maximum height of 121 m above the pre-May 1969 base at the
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end of the eruption. The May 1972 configuration of Mauna Ulu
and Alae shields in May 1972 and of a mound filling the deep west
pit of Makaopuhi Crater is schematically shown in figure 16.13.
This configuration essentially persisted throughout the 1972-74
Mauna Ulu eruption, but the elevations of the landforms were
modified by posteruption settling.

A comparison of the 1963 1:24,000 topographic map (based
on 1954 aerial photographs) and the 1981 topographic map (based
on 1977 aerial photographs) shows the following changes associated
with the 1969—-74 Mauna Ulu eruptions:

(1) The summit area of Mauna Ulu shield in 1977 is about 111
m above the pre-eruption ground surface, and the summit crater is
deeper than 30 m.

(2) The site of buried Aloi Crater is well expressed
topographically by a crudely circular area of minor subsidence (not
more than 5 m) on the west flank of Mauna Ulu shield.

(3) The highest areas on the complex Alae shield, which rim
the small collapse pit in the area of the (former) vent C, are nearly
90 m above the pre-1969 datum. The subsidence bowl that existed
in 1971 is still reflected by a broad area of subsidence roughly
coincident with the deeper compartment of the buried Alae Crater.

{4) Benchmarks not buried by 1969—74 flows have been
raised or lowered a few meters, presumably in response to complex
ground deformation related to eruptions during the period
1954—1977, principally the Mauna Ulu eruptions.

(5) Comparison of the maximum heights attained by Mauna
Ulu and Alae during the eruption (121 m and 100 m, respectively)
with their heights in 1977, as indicated by the 1981 topographic
map (111 m and 90 m, respectively), demonstrates posteruption
settling of about 10 m.

SUSTAINED OVERFLOWS: DEVELOPMENT OF LAVA-TUBE
SYSTEMS

The 1969—74 Mauna Ulu eruptions afforded the opportunity,
for the first time at Kilauea, to study the formation and evolution of
lava tubes (see Greeley, 1971, 1972; Crukshank and Wood, 1972;
Peterson and Swanson, 1974; Peterson, 1983). Lava-tube and
related flow processes have been described in detail by these
geologists; we wish here only to outline some general observations
especially pertinent to the 1972—74 eruption:

This paper is in general a sequel to the study by Swanson and
others (1979) of the 1969—71 Mauna Ulu eruption. Indeed, we
have presented our observations and inferences on the 1972-74
Mauna Ulu eruption in a format parallel to theirs in order to
empbhasize the continuity of similar eruptive processes and to facili-
tate the comparison of these two eruptions, separated by about 32
months of inactivity, in the same area of Kilauea's east rift zone. Not
surprisingly, much of Swanson and others’ (1979) perception of the
significance of the 1969—71 Mauna Ulu eruption applies also to the

1972—-74 eruption.

LONG-LIVED FLANK ACTIVITY
It has previously been noted (Peterson and others, 1976;
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Swanson and others, 1979) that the Mauna Ulu eruptions were the
longest nearly continuous rift activity at Kilauea in historical times
(that is, since about A.D. 1750): the 196971 eruption lasted 875
days and the 1972—74 eruption lasted 901 days. Most historical
flank eruptions of Kilauea have lasted a few weeks at most and more
typically a few days or less. The Mauna Ulu eruptions of 196974
included several prolonged periods of remarkably continuous lava-
lake activity, previously observed only at Halemaumau within the
summit caldera during the 19th and early 20th centuries.

CONTINUOUS LAVA-LAKE ACTIVITY
Throughout much of the 1972-74 Mauna Ulu eruption,

active lava lakes operated within the summit crater of Mauna Ulu
and at Alae. Mauna Ulu lava lake was apparently fed directly by
the magma conduit leading from the summit reservoir, whereas Alae
lava lake was supplied through a very efficient tube system connected
to Mauna Ulu. Lake circulation patterns and persistent vent activity
suggest that magma from Kilauea summit most likely entered the
Mauna Ulu system at an intricately branched inlet located beneath
the area between vents A and B (fig. 16.3). The magma was
directed from there through complex branches westward to feed
Mauna Ulu lava lake and eastward to supply Alae lake, generally
through vent C. We speculate that from mid-March 1972 through
April 1973, eastward shunting of lava from the inlet dominated and
resulted in vigorous activity at or near Alae and relatively sluggish
activity at Mauna Ulu lava lake. The tube system connecting
Mauna Ulu and Alae never fully recovered from its disruption in
early May 1973, and vent C at Alae was severed from the inlet by
early June. Magma thereafter was shunted westward from the inlet
area to feed activity at Mauna Ulu for the remainder of the eruption.

Gas-piston activity associated with rises and falls of lava
columns at Mauna Ulu and Alae was commonly observed during
the 1969—74 eruptive activity. Short-term minor fluctuations in level
of Mauna Ulu and Alae lava lakes may simply be due to larger scale
gas-piston activity of a magma column of greater volume and lateral
extent. However, large variations in lake levels over a period of time
probably reflect major changes affecting either the magma-transfer
system linking the Kilauea summit reservoir and the eruption site, or

possibly even changes in the reservoir itself. The levels of Mauna
Ulu and Alae lava lakes often varied sympathetically (fig. 16.19);

at no time during 1972 did a drop in level at Mauna Ulu correlate

with a rise in level at Alae or vice versa, but this correlation was
weaker in early 1973. Moreover, the variations in lake level at times
exhibited an unmistakable positive correlation with summit tilt (fig.
16.19). These observations suggest that a hydrostatic balance
existed between the Kilauea summit reservoir, the Mauna Ulu
holding tank, and the vent at Alae, compatible with the postulated
quasi-steady-state magma regime operating during two long periods
of the 1972-74 eruption. Detailed study of the hydrodynamics and
evolution of active lava lakes at Mauna Ulu and Alae should bear
importantly on the overall magma-transfer regime of Kilauea during
sustained rift activity.
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SHORT-DURATION OVERFLOWS: VOLCANIC SHIELD
DEVELOPMENT

Volcanic shields are built by repeated eruptions of fluid lava
from centralized vents. A number of small shields dot the flanks of
Kilauea Volcano; examples include Kane Nui o Hamo (pre-
historic) and Heiheiahulu (circa A.D. 17502) on the east rift zone,
and Mauna Iki (1919-20) on the southwest rift zone (fig. 16.1).
However, it was not until the 196974 Mauna Ulu eruptions that
shield development at Kilauea could be systematically observed and
documented.

(1) Steady lava output from the vent over a long period of time
(weeks to months) is the most important prerequisite in the develop-
ment of channelized flows and, ultimately, lava tubes. Short-lived or
erratic vent activity, even if of high volume, does not allow the
formation of lava tubes.

(2) As shown in the chronological narrative, periods of
sustained overflows leading to lava-tube development and periods of
frequent short-duration overflows leading to shield growth generally
are not coincident. On occasion, however, these two types of
eruptive activity may grade from cne into the other over a transition
interval of several weeks; thus, both activities may go on con-
currently for short periods of time.

(3) Systematic field observations of the transition of pahoehoe
to aa during the sustained overflows permitted the documentation of
several modes of transition and demonstrated that moving lava flows
function as natural viscometers. Peterson and Tilling (1980) pro-
posed the concept of a transition threshold zone to portray the
observed inverse critical relation between viscosity and shear rate in
the transition from pahoechoe to aa; this model was refined by
Kilburn (1981).

(4) Sustained overflows and development of well-integrated
tube systems enabled lava to be transported as far as 12 km from
vents at Mauna Ulu and Alae. Flows that filled the deep west pit of
Makaopuhi Crater were tube fed, as were those that entered the sea
in August—October 1972 and in February—May 1973.

(5) Lava-tube systems are efficient but fragile conductors of
lava and can be easily blocked or disrupted, as evidenced by the
apparent drastic effect of the April 26, 1973, Honomu earthquake
on the tube system feeding lava into the sea. By May 1, earthquake-
induced impediments and blockage caused all flow to cease.

CHEMICAL VARIATIONS (MAGMA BATCHES)

The long-ived Mauna Ulu eruptions provided a unique
opportunity to study and model subtle variations in major-element
chemistry during the course of a lengthy eruption. Using the
chemical composition of the lava from the 196768 summit eruption
at Halemaumau (Kinoshita and others, 1969) as the reference
analysis, Wright and others (1975) identified, after adjusting for
olivine control, five chemical variants (magma batches) for the
1969-71 Mauna Ulu lava. Identification of these subtly different
chemical variants in turn enabled Wright and others (1975) to
demonstrate that the lava from a new fissure cutting Aloi Crater and
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the adjacent west flank of Mauna Ulu shield in early April 1970
was identical to that erupted by Mauna Ulu on the same date but
distinct from that in preceding Mauna Ulu eruptions. Swanson and
others (1979, p. 38-39) concluded that “a batch of new magma
entered both the Mauna Ulu and Aloi plumbing systems just before
the outbreak, implying that the systems were interconnected at some
unknown depth.” Hoffman and others (1984) contend, however,
that the variations in the composition of the 1969-71 Mauna Ulu
lava can be interpreted in terms of a partial melting model without
resort to different magma batches from the mantle.

Whight and Tilling (1980) extended such chemical studies to
include lava erupted during the two 1971 summit eruptions, the
1972-74 Mauna Ulu eruption, and the eruptions of July, Sep-
tember, and December 1974. They recognized five new magma
batches (chemical variants) and concluded that the following proc-
esses were common to all eruptions in the period 1969-1974

(Whight and Tilling, 1980, p. 786):

“l. appearance of new chemically distinct batches of magma,
2. mixing of two or more of these batches prior to eruption,
3. subordinate isolation and cooling of magma followed by flow
differentiation leading to eruption of differentiated com-
positions.”

Analysis of the distribution in time and space of the chemically
distinct magma batches makes it passible to estimate the residence
times and volumes of these batches. For example, on the basis of
such information, Wright and Tilling (1980, p. 777) suggest that the
appearance of fractionated magma in July 1974 can be related to the
isolation and cooling of magma introduced into shallow storage 22
to 4 years before.

QUASI-STEADY-STATE ACTIVITY

The small amount of net summit inflation observed, together
with other evidence presented earlier in this paper, suggests that a
quasi-steady-state magma-transfer regime prevailed throughout
much of the 1972—74 eruption. If our concept of quasi-steady-state
activity is valid, then the magma influx from the deep source region
‘must be approximately constant, at least on a time-averaged basis,
and nearly equal to the increments transferred into the rift zone.

The ground-deformation patterns derived from level, ground
tilt, and trilateration surveys during the periods of quasi-steady-state
magma transfer, which show little net summit inflation or deflation
between surveys, are not always in good agreement with the
variations in Uwekahuna tilt (see section titled “Results of level, tilt,
and trilateration surveys”). In contrast, deformation patterns during
the period of net summit inflation related to the 1973 eruptions in the
Pauvahi-Hiiaka area, are more coherent. These observations suggest
that a threshold amount or rate of summit tilt change must be
exceeded in order for the results of ground-deformation surveys
encompassing the entire summit region to yield definitive interpreta-
tions. This in turn implies that the volcanic edifice has a yield
strength and that a finite amount of inelastic deformation must be
accommodated before elastic behavior sets in.
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COMPARISON WITH 1969-71 MAUNA ULU ERUPTION

The 1972-74 Mauna Ulu eruption shares many charac-
teristics with the 1969—71 eruption. It differs, however, in the
following aspects:

(1) The later eruption lacked the high-fountaining episodes
(maximum 540 m) and associated larger summit deflation (maximum
about 30 wrad) of the 1969 activity (stage 1 of Swanson and others,
1979). Although the behavior in 1974—brief eruptive episodes
separated by longer intervals of weak vent activity—was
qualitatively reminiscent of the stage | activity, fountain heights were
smaller by an order of magnitude (40—80 m).

(2) The 1972—74 eruption occurred with practically no net
summit inflation, whereas the 1969—71 activity resulted in a net
summit inflation of approximately 60 prad, suggesting that a more
efficient magma-transfer regime existed during 1972-74.

(3) The February 1972—April 1973 period of low seismicity
on the summit and east rift has no counterpart in the 1969-71
Mauna Ulu eruption.

SUMMARY REMARKS

The 1969-71 and 1972—-74 Mauna Ulu eruptions provided
an unparalleled opportunity to conduct systematic studies of ongoing
eruptive processes associated with long-lived active lava lakes.
Many of these studies have already been published (table 16.1;
Swanson and others, 1979, table 1), others are in progress. Long-
lived lava lakes were commonly active within or near Halemaumau
Crater during the 19th and early 20th centuries, but it was not until
the Mauna Ulu eruptions that such lava lakes were observed in a
flank eruption. As of this writing (June 1985), the current long-lived
eruption at Puu Oo in Kilauea’s middle east (Wolfe and others,
chapter 17) resembles activity during stage | of the 1969-71
Mauna Ulu eruption. Will it later evolve into a subsequent stage
dominated by one or more active lava lakes? Qur experience at
Mauna Ulu suggests that it is possible.
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