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EXPI~ive erYPl ion of IKilauea in 1924 sends huge 
colu . n of ash nd steam upward from Halemaumau 
Crate . SUCh ' e uptionJ are rare events at Kilauea, 
and 2ie pres imed tb be caused by sea water 
some ·le\{ gain' g acc~ ss to the plumbing system 
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H e ilsl nd of Hawaii (or the 
"big slandl' s it is known locally) is 
th :::: s tithefn , lost Imember of a chain 
of v lCanil!: islanCls that stretch for 
2,40( kn1 It Miriway Island at the 
north vest e I d. The islands become 
progr ~SSiV~) older as one goes up the 
chain frO! awaii. Hawaii is thought 

I 

to bless t an 1 million years old; 
wher :lS the [slant! of Oahu, 300 km 
to th · nort vest, is between 2.5 and 
3.0 li[!iO~ . I cars old. This systematic 
chan e in ~ e has fostered many theo
ries 'or trl e fOfIl1ation of the island 
chai . Sci~n ists are still searching for 
an e. plan5ti ' n that fits all of the facts 
as w und9r and them today. 

irtual y an i of Kilauea Volcano 
and he sulr it rfgion of Mauna Loa 
Vole no a f. inside the boundaries of 
Haw ii V01 anoes National Park. Ki-

I I • I laue Cal j a 1S a crater formed by 
subsidence ,f thJ summit of the vol
cano and i about 5 km long in a 
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northeasterly direction, :3 km WIde, anci 
approximately 150 m deep at the 
north end. The general outline of the 
caldera has not changed much since it 
,vas first described by Rev. William 
Ellis in 1823, but its depth and inter
nal structure 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 eruptions 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 Tcchnology. 
Money for the new Observatory came 
from business leaders in Honolulu and 
from a research grant from M.l.T. 
The volcano Research Association was 
formed in Honolulu to raise local 
money 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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As financial support increased in re-
. sponse to thc scic·ntific S!.1 ~C: (;SSCs of · 

the early 1920's, the seismic studies 
were expanded ane! sophisticated sur
veys of Kilauea and Mauna Loa were 
begun. Tn 1933, with the country in a 
depression, the budget for the obser
vatory was drastically cnt, and the 
staff was absorbed by Hawaii National 
Park. During the Jean 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 earnest. Since then, 
the scope of the research has contin
ually 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. 
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Kilauea summit region. The upper part of the east rift zonc isdclinC(ltcd .by a series of pit craters; the 
southwest rift zone by par;!Ilel, en ech()lon ground cracks. The cross symbol (+) shows the ioca tion of 
the 1,270 In deep hole dril!ed in 1973 and it also marks the approximate center of tho. upper magmu 
rOou/volr, Sul~lllUgrilph statiuns aruund lhe summit region are Indica led hy solid lriangle ( .... ), anu the 
!~cati9n~ ~! c~lltil1~~~sly r~~ording ~ilt~£ter~ ~r~ sh9Wn by lho leller T. 
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STUDIES 

TI}(.: I I: 'sl:,m:h st:tlT :11 I IVa is in
voi cel \vi h nLny continuing and 
,~h () 'l.'(l: I·+ lrojl:f ts. Many or till: rou

tin e act iv iti . s ar9 associated with mon
itor ng ella Iges in thc size and shape 
or tIC sulll nit r~gi\l11 or Kilauea Vol-

II . I I 
Gill 1 ,IS ! I' IIltcm:l magma pressure 
clla 19C5. II very~ ] months approxi
mat Iy 3 ~ m of continuollS first-order 
leve il~g is lun; 0 horizontal distances 
up 0 lcnk 1S of l20 km are measured' 
usino- a lh r ge1odimeter, and 25 tilt 
site are ~ veyetl. These tasks take 1 
or wee s to J complete depending 

, I 

uro 1 the II prcd f tablc weather. Whcn 
an ruPti91 is oocurring, mucl~ timc is 
SpCI t col le ling ~amplcs lor chemical 
and minera analysis, mapping the ex
tent of th l; ents land flows, and simply 
kee ' ing d on tHe eruptive site for any 
cha gcs . I ter kn eruption has oc-

currt d' tl~ rocks and minerals are 
carefully a alyzJd to determine how 

t~ey com re \li~h those from pre--
VIOU rec9n eruptIons. ' 

Durip . ceriain long-lived erup
tion" int9r Isting l and baffling features 
are reated by the flowing lava. One 
of t ese i ~ e fotmation of lava tubes, 
This phen men J ' is being intensely 
stud ed b~ . eoloiists at HVO because 
muc of t ' mars transfer of lava in 
larg , f!ow~ thosf longer than about 1 
km) appela s to be by subsurface lava 
cone uits or tubeJ. The roofs of active 
tube' can e as I thin as a few centi
met es or s thif k as a few metres . 
Ana her p zzling feature of active 

I

I ' 
lava 110ws their tendency to some-
time cham e frbm a smooth, fluid 

type flo 7'1 (call Jd pahoehoe) to a 
roug le r te, ured, clinkery type flow 

(called aa r
l 

. Th.is I chang~ mo.st li~ely is 
relnt 'ct to t e ma:rcase lD vIscosIty of 

:he ]O\vir Java! due to changes in 

1c II Ijll'l':il lJIL'. g:IS l'Olllcllt, alld degre,e 
or crys ta lliza tion, but tile de tails " re 
complicated. 

An important instrument for the 
study o[ lava flows is a spccially de
signed temperature probe used to 
measure the temperature or lava in 
flows and in tubes; these temperatures 

usually range bctwec'l1 IOOOoe and 
II OO"c. Electrical geophysical m eth
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 dcplh of the Java tube can be esti
matcd. Anoth er m ethod involves the 
measurement of minute electrical 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
lie 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
tercd to the observatory by either 
VHF radios for the more dis tant sta
tions or by cables for the stations 
closer to the observatory. Twenty-four 
of the seismographs are located on o r 
close to ,Kilauea Volcano. 

J nterprdatiol1 of the c1ata col
lectcll 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 continuolls movement of magma 
from its source, whieh is probably 60 
to 80 kl11 beneath Kilauea, upwards 
into a shallow reservoir 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 uPFer reservoir, or cham-
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ber, to ~well, and the grounc! surface 
responds hy forming :l gentle uplill 
The vertical ground movement can be 
measurecl hy precise leveling and by 
tiltmctcrs placed a long the Hanks of 
thc' "bulgc" which will show tilting 
outwards rrom till' Cl:n((:r of' till: lIpli f t. 
SIICh swL'iling l'rC:IIl'S stresses ill the 
cap rock o ycr the reservoir. As many 
as a few thousand small C<lrthquakes 
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 Java either 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 
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Schematic diagram of three stages in an idealized eruptive episode on Kilauea Volcano. (1) The episode is 
started when magma from depth feeds into the upper reservoir. (2) The inflow of magma has distended 
and swollen the reservoir which in turn h.a.s deformed the ground surface over it. Tile tiltmeters on the 
flanks of this "bulge" tilt outward from the center; the vertical distance beween points A & B has in 
creased; and the rock above the reservoir is highly stressed, causing many small earthquakes, (3) Finally, 
the magma pressure becomes too great, and an eruption breaks out at a weak point. The pressure in the 
reservoir is released very suddenly, and the ground surface over the reservoir moves downward as evi. 
denced by the tiltmeters and a decre,asein the distance between points A & B. Also, because the stress 
in the overlying rock is relieved, the frequency of earthquakes rapid Iy diminishes. (4) Idealized graphs of 
earthquake frequency over the reservoir and surface tilt on the side of the reservoir as a function of time. 
Part (1), (2), and (3) are indicated on each graph. 



nd by dowllward vertical 
the reservoir when leveJ

the eruption. As one 
the I above sequence is 

alizcd, and some erup
exactly follow this pat
r, the general processes 
the framework of this 

~' ;ct ccts a scientist placing a 

of advancing lava flow 

DRILL BURIED BY LAVA 

In 1958, a very spectacular erup
tion occurred in Kilauea lki Crater 
that filled the bottom 100 m of the 
crater with a lava lake. When solid 
crust rapidly formed on the lake, ob
servatory scientists began to pJan a sc-
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A scientist advances cautlOllsly to margin of lava 
flowing from Mauna Ulu. 

,. 

., 
""i 

..... 

I , 

~ 
! 
i 
! 
i 

I 
1 

ries of unique experiments to drill 
through the crust and into the molten 
rock below. These experiments were 
sllccessfully 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 

thickened. A few years later, similar 
dri ll ing experimen t:, were successfully 
completed on smaller lava lakes 
formed in Abc and Malaopuhi C[:a- . I 
ters in 1963 and 1965 on Kilauea's. 
cast rift zonc. However, in .1 969, a 
drilling program in a freshly formed 
lake in Alae was abruptly terminated 

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

toward the sea during the 1950 eruption. 

Summit craters of Ma un~ :./': ; t:'! ~~":~ upper east 
·rift cf Kilauea during tlte c r~~ i ;J;1 oi 1972. Lava 

frqrn one creater is cascading into an adjacent 
crater. 
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l
o lll a flew e ruptl()fl ,JU f"ll' l 

th e- .drill r g cOlllpletely! III :1 few 

III ()'! li s :1 11 1·w drilling pmgr:llll is [0 

Iw" iI OIl t! c Kilauea iki lava lake. 
i'r~v OtiS l"iI ·lI/;Jti l lll.~ l'sti lll:llc that till' 

drill Ivi! 1 I+ j c to pl'lldr:ltc :lbou[ 40 to 
50 III or 1'111I[ beforc hreaking into the 
st;lI-rt,OIt"j .o'bon of the lake. 

SEIARCII I I FOJ~ GEOTHERMAL 
ENlERGY 

' ~ I Recelrt ~ ' mf ch time and effort 
has een IS ent searching for usable 

I 
J 

I . H .. D' geot erma nergy 111 awall. ISCOV-

ery ,nd u ,il lzation of such a resource 
waul be specially valuable in the 
Haw iian L ~ andsl because all of the 
elect ic po er now generated comes 
from imp6r ed fbel oil, and, conse
quen ly, tHe Icost lof electricity is high 
and s cx~e , ted to increase. As one 
migh expeb lodting a source of heat 
on ,Ia waii i not las difficult as in the 
conti leota! I nited States . The prob
lem i' the e tremely high porosity and 
perm abili ~y of the basalt flows that 
com rise t fu · island make it difficult to 
locat ' a Is , If-sustaining geothermal 
"syst m" t~ I wQulddirectly yield usa- . 
ble s eam. ~. order to test some of the 
thear es P9s 'lated for the shape and 
size f the hallow magma chamber 
bene t11 Kila ea and also to look for a 
possi Ie c1ds d geothermal system that 
migh dirJc ly form high pressure 
stea " a 1 70 m deep hole was 
drille on ' ilaueia Caldera early in 
1973 . Alt~~ Igh the temperature at 
botto was labollt ] 40° C. and was 
rising \v ith Ii! creasiing depth, no steam 
or l1'., gm a ~1 s encountered during the 

drilli g. Bepi luse commercial develop
ment of ar geothermal resource is 
not a [owea ithin the bounds of Ha
waii olca10' s National Park, current 

In I 
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explor<iliol1 is cc ntereu on the portions 
o[ Kilauca's cast and southwest rift ""! 
Will'S (ilat l ic outside the park anu 

also on the southwest rift zone or 
Maulla Loa. 

the National Science Foundation. Hole drilled near sum 
of Kilauea, about 1 mile south of Ha lemaumau. 
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Collecting samples of vo!canic gas immediately after thc 
eruption of Kilauea Iki. 
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A stainless steel wd 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. 

Aerial view of the SUmmit craters of Mauna Ulu in 1.971. Th e Mauna Ulu eruption persisted from 1969 
to 1974. 


