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northeasterly direction, 3 km wide, and
approximately 150 m deep at the
north end. The general outline of the
caldera has not changed much since it
was first described by Rev. William
Ellis in 1823, but its depth and inter-
nal structurc have changed greatly as
a result of eruptions and repeated epi-
sodes of subsidence within it. It is one
of the centers of eruption on Kilauea
Volcano and has been the site of five
major cruptions in the last 3 years.
Two rift zones radiate from the cal-
dera,one to the southwest and the
other to the east. Along with the cal-
dera, these two rift zones are the loci of
virtually all of the eruptions on Kilauea
Volcano.

OBSERVATORY FOUNDED
IN 1912
The Hawaiian Volcano Observa-
tory was started in 1912 by Thomas
A. Jaggar, who was then the chairman
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of the Geology Department at Massa-
chusetts Institute of Technology.
Money for the new Observatory came
from business leaders in Honolulu and
from a research grant from M.LT.
The volcano Research Association was
formed in Honolulu to raise local
moncy to augment these funds. In
1912, Jaggar left M.LT. to take up
permanent residence at the new obser-
vatory on Kilauea. Before the observa-
tory was finally brought into the U.S.
Geological Survey in 1948, it was suc-
cessively sponsored by M.LT., the
U.S. Weather Bureau, the Geological
Survey, and the National Park Service.
The observatory’s early years were de-
voted to making detailed studies of the
active lava lake in Halemaumau, the
principal eruptive vent in the caldera,
and on developing new techniques and
equipment for studying the volcano.
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N Observatory
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As financial support incréased in re-
sponse to the scientific su-zesses of -
the early 19207, the scismic studies
were expanded and sophisticated sur-
veys of Kilauea and Mauna Loa were
begun. In 1933, with the country in a
depression, the budget for the obser-
vatory was drastically cut, and the
staff was absorbed by Hawaii National
Park. During the lean years that fol-
lowed, a small net of scismograph sta-
tions was maintained and records of
ground tilt were kept. In 1948, when
the USGS took over the observatory,
the slow process of reviving volcano
research began in earncst. Since then,
the scope of the research has contin-
vally expanded. Scientists from all
over the world visit the observatory ei-
ther to learn about the work, or to

carry out some special project that in-
volves an active volcano.

KILOMETRES

Kilauea summit region. The upper part of the east rift zone is delineated by a series of pit craters; the

southwest rift zone by parallel, en echelon ground cracks. The cross symhol (+)
the 1,270 m deep hole drilled in 1973 and it also marks the approximate center
reservolr, Selsmograph stations around the summit region are indicaled by solid tr
locations of continuously recording tiltmeters are shown by the letter T.
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MANY R@L)U'E'!NEC AND SPRCIAL
STUDIES

The x%scnrch stafl at 1IVO is in-
volved with many continuing and
shoft-term Hpmjccls. Many ol the rou-
tine activities are associated with mon-
itoring chahges in the size and shape
of the summit region of Kilauea Vol-
cano as the internal magma pressure
changes. Iivery 3 months approxi-
mately 35 km of continuous first-order
leveling is run; 60 horizontal distances
up to len
using a laser geodimeter, and 25 tilt
siteg are surveyed. These tasks take 1
or 2 weeKs to complete depending
upon the ;uﬁ predictable weather, When
an crup{i(?n is occurring, muck time is
spent coll;c‘ ting samples for chemical
and minera] analysis, mapping the ex-
tent|of the yents and flows, and simply
keeping tabjon the eruptive site for any
changes. !A‘fter an eruption has oc-
curred, thq rocks and minerals are
carefully analyzed to determine how
they compdre with those from pre-
vious recent eruptions.

Durir‘lg certain long-lived erup-
tions, intc:rdsting and baffling features
are created by the flowing lava. One
of these is the formation of lava tubes.
This phe‘n mena is being intenscly
studied b§ zeologists at HVO because
much of the mass transfer of lava in
large flows (those longer than about 1

km) appela s to be by subsurface lava

LA i

conduits or|tubes. The roofs of active
tubes can‘ e as thin as a few centi-
metres or‘ s thick as a few metres.

Another puzzling feature of active
lava|{lows Is their tendency to some-
times change from a smooth, fluid
type Huw‘ i(called pahochoe) to a
rougher te)&urcd, clinkery type flow
(called aa) . This change most likely is
related to the increase in viscosity of
the flowing| lava due to changes in
|

ths of 20 km are measured’

temperature, gas content, and degree
of crystallization, but the details are
complicated.

An important instrument for the
study of lava flows is a specially de-
signed temperature  probe used to
mecasure the temperature of lava in
flows and in tubes; these temperatures
usually range between 1000°C and
L100°C. Electrical geophysical meth-
ods are also being applied to the study
of lava flows. Very low frequency
(VLF) radio signals are used to de-
tect the lava-filled tubes beneath the
ground surface, Using this method,
not only the location but also the size
and depth of the lava tube can be esti-
mated. Another method involves the
measurement of minute clectrical cur-
rents in the ground. Although scien-
tists do not know precisely the pri-
mary cause of these currents, they
appear to delineate “hot” regions
around the volcano that possibly over-
lic shallow intrusions or conduits of
magma.

MONITORING GROUND TILT
AND EARTHQUAKES

Of all the ongoing projects at the
observatory, the two that have pro-
vided the most information about the
internal workings of the volcano are
direct measurement of ground defor-
mation and tilt, and seismic studies.
The ground deformation studies con-
sist of monitoring vertical ground
changes by precise leveling, of detect-
ing horizontal changes by measure-
ments with the laser geodimeter that
can measure distance accurately to
within about one part in one million
(1 mm for 1 km of distance), and of
continuously recording the amount of
ground tilt using tiltmeters that are
sensitive to tilts as small as 0.1 second
of arc. The seismograph network on
the island presently consists of 35

-
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short  period instruments, The data
from these seismic stations are teleme-
tered to the observatory by either
VHF radios for the more distant sta-
tions or by cables for the stations
closer to the obscrvatory, Twenty-four
of the seismographs are located on or
close to Kilauea Volcano.
Interpretation of the data col-
lected  from these instruments has
given rise to a crude model of vol-
canic activity that explains many of
the observations made at HVO over
the years. Briefly, the model calls for
a continuous movement of magma
from its source, which is probably 60
to 80 km beneath Kilauea, upwards
into a shallow rescrvoir complex cen-
tered 3 to 6 km under the southern
part of Kilauea Caldera. If no erup-
tions are occurring, the continuous
supply of magma from the mantle
causes the upper reservoir, or cham-
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ber, to swell, and the ground surface
responds by forming a gentle uplift,
The vertical ground movement can be
measured by precise leveling and by
tiltmeters placed along the flanks of
the “bulge” which will show tilting
outwards from the center of the uplift,
Such swelling creates stresses in the
cap rock over the reservoir, As many
as a few thousand small carthquakes
per day are sometimes recorded on
nearby seismographs when the swell-
ing is increasing, The pressure in the
summit reservoir is relieved suddenly
when an eruption occurs and the
magma moves from the reservoir and
is extruded as lava cither in the sum-
mit region or along the rift zones, The
“deflation” of the reservoir causes the
ground surface, which has been bulged
upwards, to return rapidly to normal.
This sudden change is shown by in-
ward tilting on the tiltmeters during

positive
vertical
changes

Negative
vertical
changos
from(2)

Tilt Decreases

Time

a Volcano. (1) The episode is

e upper reservoir. (2) The infiow of magma has distended

eformed the ground surface over it. The tiltmeters on the
flanks of this “bulge” titt outward from the center; the vertical

distance beween points A & B has in

and the ground surface over the reservoir moves downward as evi-
denced by the tiltmeters and a decrease in the distance between

in the overlying rock is relieved, the frequency of earthquakes ra

points A & B. Also, because the stress
pidly diminishes. (4) ldealized graphs of

rface tilt on the side of the reservoir as a function of time.



the cruption imd by downward vertical
changes over| the reservoir when level-
ing is done after the eruption. As one
might| expecty the above sequence is
somewhat idpalized, and some crup-
tions do not|exactly follow this pat-
tern. However, the general processcs
occur | within| the framework of this
model.

n 1971

bat refieclive SL;':t nrotects a scientist placing a
qmpling rod inty front of advancing lava flow
om Kilauca, |

DRILL BURIED BY LAVA

In 1958, a very spectacular erup-
tion occurred in Kilauca iki Crater
that filled the bottom 100 m of the
crater with a lava lake. When solid
crust rapidly formed on the lake, ob-
scrvatory scientists began to plan a se-

g SRR O o
dvances cautiously to margin of lava
flowing from Mauna Ulu,

S

ries of unique experiments to drill
through the crust and into the molten
rock below. These experiments were
successfully completed and much new
information was collected on the cool-
ing rate of the lava in the lake and on
the type of minerals that formed at
the bottom of the crust as it gradually

M |

thickened. A few years later, similar
drilling experiments were successfully
completed on smaller lava lakes
formed in Alac and Malaopuhi Cra-

ters in 1963 and 1965 on Kilauea’s

cast rift zone. However, in 1969, a
drilling program in a freshly formed
lake in Alac was abruptly terminated

Lava flow entering the sea during the 1950 eruption of Mauna Loa. At that time, three flo
rapidly from the southwest rift of the volcano and advanced downslope into the sea.

s dotaer

Lava flow pouring dom the side of Maunav Loa

toward the sea during the 1950 eruption.

ws traveled

Summit craters of Maunc

moupner east

rift of Kilauea during tie er.piisa of 1972, Lava

from one creater is cascading inlo an adjacent
crater.
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itly, much time and effort
spent searching for usable

geothermal energy in Hawaii. Discov-

ery and ut

. o !
il zation of such a resource

would be
Hawaiian

‘especially valuable in the
Islands because all of the

clectric power now generated comes
from impci)r ed fuel oil, and, conse-
quently, the|cost of electricity is high

and is expected to increase. As one

might expe
on Hawaii
continental

| .
ct, locating a source of heat

1§ not as difficult as in the
-~ United States. The prob-

Iem i§ the :cxtrcmcly high porosity and
permsabi]iqy of the basalt flows that
comprise the island make it difficult to

locate a

self-sustaining geothermal

“system” that would directly yield usa-

ble steam.

In order to test some of the

theories postulated for the shape and
size of the Shallow magma chamber

beneath Xi

auea and also to look for a

possible closed geothermal system that

might directly form high pressure

steam, a
drilled on
1973, - Alt

1270 m deep hole was
Kilauea Caldera early in

}Pcugh the temperature at

bottom was |about 140° C. and was

rising| with

increasing depth, no steam

Or magma was encountered during the

drilling. Because commercial develop-

ment of a

ny geothermal resource is
1

not a‘lloweoT vithin the bounds of Ha-
waii Volcanoes National Park, current

1in

exploration is centered on the portions

ol Kilauca's cast and southwest rift o
zones hat lic outside the park and

also on the southwest rilt zonc of
Mauna Loa.
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Drill rig used to drill 4,100 foot research hole financed Y
the National Science Foundation. Hole drilled near summi
of Kilauea, about 1 mile south of Halemaumau.,

eruption of Kilauea ki,

A stainless steel rod is pushed through the roof
of a lava tube and into the actively flowing lava

river below. This is done to determine the depth of
the lava river.

Explosive eruption of Kilauea in 1924 sends
huge column of ash and steam upward
from Halemaumau Crater. Such eruptions are
rare events at Kilauea, and are presumed to
be caused by sea water somehow gaining ac-
cess to the plumbing system of the volcano.




