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THE DECEMBER 1965 ERUPTION OF KILAUEA VOLCANO, HAWAII

By RICHARD S. FISKE and ROBERT Y. KOYANAGI

ABSTRACT

More than 1 million cubic yards of tholeiitic basalt was 
erupted from the upper east rift zone of Kilauea Volcano during 
a brief 6-hour period on December 24 and 25, 1965. The eruptive 
fissures opened in an en echelon zone about 2 miles long, from 
Aloi Crater eastward to Kane Nui o Hamo. The vigorous early 
stage of the eruption formed a 47-foot-deep lava lake in Aloi 
Crater and flooded about 150 acres of forest to the east. At a 
later stage, withdrawal of magma into the source fissures and 
other cracks drained the lava lake in Aloi Crater and consid 
erably reduced the volume of lava in the flows remaining on 
the surface.

Measurements of ground tilt show that Kilauea summit in 
flated before the eruption, and that it abruptly deflated just 
before and during the eruption. Significantly, the summit con 
tinued to deflate for an additional 10-hour period after the 
eruption had ended. Precise leveling suggests that the summit 
of the volcano did not collapse simply, and that small sub 
sidiary areas of collapse lay about 1.5 km north and 2 km south 
east of Halemaumau.

The eruption marked only the beginning of a major seismic 
crisis that lasted for more than a week. Thousands of earth 
quakes were recorded, and preliminary results indicate that 
most of the epicenters lay in a narrow area extending from the 
upper east rift zone westward along the Koae fault zone into 
the Kau Desert. Hundreds of ground cracks and faults opened 
in this area, and precise leveling has shown that the area of 
cracking locally subsided nearly 6 feet.

The eruption ended as the tempo of ground cracking and 
earthquakes was just reaching a maximum. The rift zone is 
interpreted to have substantially dilated at this time, perhaps 
by seaward movement of the entire south flank of the volcano; 
this dilation created additional underground space in the rift 
system at a greater rate than magma was fed into it from the 
summit reservoir. Eruption of lava to the surface could no 
longer be maintained, and, moreover, much of the lava that had 
previously been erupted began to drain back into the rift zone. 
Tremor, earthquakes, ground cracking, and summit collapse 
continued vigorously for 10 hours after the eruption had ended, 
indicating that magma continued to move from the summit 
reservoir into the east rift zone. Apparently all this magma 
was accommodated underground in intrusive bodies.

INTRODUCTION

At about 2130 on December 24,1965, Kilauea Volcano 
erupted from fissures on its east rift zone in the area 
extending from Aloi Crater to Kane Nui o Hamo, a 
low cinder and lava cone lying about 2 miles farther 
east (fig. 1). This eruption is the sixth on the east rift

zone of Kilauea Volcano within the past 5 years, and 
in size and location it very nearly duplicated the some 
what smaller flank eruption of December 1962 (Moore 
and Krivoy, 1964). The eruption of December 1H5 
lasted for only about 6 hours, but the great swarm of 
earthquakes that preceded it by about 2 hours continued 
for more than a week after the eruption had ended. 
Moreover, the magnitude and extent of ground crack 
ing that accompanied the activity far exceeded tl at 
which occurred during any of the eruptions of the past 
5 years, and it may well have exceeded any that 1 as 
taken place in the upper east rift zone during the past 
100 years.

Because of this exceptional ground movement and 
earthquake frequency, the overall activity of December 
1965 was of major importance; the eruption, on the 
other hand, can be considered only an incidental part 
of this activity. This report deals chiefly with the erup 
tion itself, the distribution and character of the n?-w 
lava remaining at the surface, and the nature of the 
ground movements that accompanied the activity. A 
report describing the entire seismic crisis must await 
interpretation of the records of the many thousands of 
earthquakes that originated beneath Kilauea Volcano 
during that eventful period.
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PREERUPTION INFLATION OF THE SUMMIT

Daily plots of ground tilt recorded by the permanent 
short-base tiltmeter at Uwekahuna clearly traced the
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FIGURE 1. Index map showing the relation of the summit area of Kilauea Volcano to the main structural features to 
the south. Numbers indicate portable seismic unit stations: 1, Hilina Pali Road; 2, Chain of Craters Road junction; 
3, Ainahou Ranch Road; 4, Poliokeawe fault; 5, Kau Road localities. Stations of the permanent seismic network 
are designated by solid triangles: U, Uwekahuna; Wp, West Pit; D, Desert; A, Ahua; Mp, Makaopuhi.

inflation of the summit of Kilauea Volcano before the 
eruption (fig. 2). The general shape of the curve of 
inflation for the east-west component of tilt nearly 
duplicated the buildup that preceded the eruption of 
March 1965, although the total amount of tilt was not 
quite so great-. On the other hand, the north-south com 
ponent recorded much less inflation, and the abrupt 
increase in this component of tilt that preceded the 
activity of March 1965 was absent from the record 
before December 1965.

Periodic measurements of tilt with portable long-base 
tiltmeters were made at nine localities around the sum 
mit of the volcano, and the vectors at the near-summit 
stations clearly show the inflation of the summit area 
before the eruption (fig. 3). Moreover, by extending 
these tilt vectors back toward an approximate point of 
convergence, a rather poorly defined center of inflation 
can be located about 1-2 km east of Halemaumau.

CHRONOLOGICAL NARRATIVE OF THE ERUPTION

Although the harmonic tremor and swarm cf earth 
quakes that preceded the eruption began at about 1930 
on December 24 (fig. 4), it was not until 2013 th at a felt 
quake rattled through the residence area of Hawaii Na 
tional Park and gave warning of the impending 
activity.

A party left the Volcano Observatory at 2125 when it 
became apparent that an eruption was imminent. The 
exact time that lava first broke through the surface is 
unknown, but the brilliant orange glow that suddenly 
appeared above the upper east rift zone at 2130 prob 
ably marked the first appreciable fountaining in the 
vicinity of Aloi Crater. The observers rushed eastward 
along the Chain of Craters Eoad toward Aloi Crater, 
but were stopped about 500 feet west of the crater by 
dense clouds of sulfurous fumes and by ever-widening 
cracks in the road.
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FIGURE 2. Record of north-south and east-west components of ground tilt recorded daily by short-base water-tube tiltmeters
at Uwekahuna for the period, August 1964 to March 1966.

For the next 2 hours the dense fume clouds prevented 
the observers from proceeding to a point where the 
eruption in Aloi Crater could actually be seen. Never 
theless, variations in the surging roar of the lava foun 
tains and in the brilliance of the glow through the fume 
clouds gave a reasonable indication of the intensity of 
the eruption during this period.

From 2145 until 2205 the glow and roar of the foun 
tains increased dramatically, and small amounts of 
pumice and pele's hair fell on the areas south and south 
west of Aloi Crater. A climax was reached at 2205 when 
a small amount of lava sprayed from one of the newly 
opened cracks just west of the crater and showered 
clots of glowing ejecta over a small area only 70 feet 
from where the observation party had temporarily 
grouped. The jetlike roar and the brilliant glow of the 
fountains in Aloi Crater continued only until 2210 and 
thereafter began to diminish. A gradual waning con 
tinued until 2400 when observers were finally able to 
make their way through the fume clouds to the overlook 
above the crater.

From the overlook it was immediately apparent that 
the eruption in the crater was nearly over. An en eche 
lon line of smoldering feeder vents extended northeast 
across the floor of the crater and part way up the steep 
western and eastern walls. Small clots of incandescent 
lava were still being tossed lazily 5-10 feet into the 
air from two of the vents, and a distinct glow could 
be seen from the many cracks in the thin crust of the

lava that still remained in the crater. The thin, continu 
ous skin of lava that plastered the walls of the enter 
to a height of about 40 feet above its floor clearly indi 
cated that much of the newly erupted lava had drained 
away before the observation parties were able to obtain 
a clear view of the crater.

The brilliant glow in the sky to the east, however, in 
dicated that the eruption was continuing in the forest 
along the upper part of the east rift zone. Reconnais 
sance along the Chain of Craters Koad showed that 
these outbreaks extended to the west flank of Kane Nui 
o Hamo, a low lava and cinder cone about 2 miles east 
of Aloi Crater. The mist and rain that were then being 
blown over the area diffused this glow to such an extent 
that it was difficult to pinpoint the exact position of the 
active vents and impossible to detect in detail any 
systematic migration of the new outbreaks that might 
have taken place. These eruptions began before 2325, 
because at that time an impressive new glow became 
visible in the east, beyond the dwindling glow Jrom 
Aloi Crater. From 0015 on December 25 until just be 
fore 0400 the glow from these eruptions greatly di 
minished. At 0400 a brilliant glow suddenly appeared 
above the area about iy2 miles east of Aloi Crater, and 
at the time it was thought that a new phase of the 
eruption was beginning. By 0410 however, the sky 
was nearly dark again, and later fieldwork has sug 
gested that this glow was caused only by crustal fcun-
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FIGURE 3. Ground tilt recorded with portable long-base water-tube tiltmeters at nine stations at and near the sunrmit 
of Kilauea Volcano for the following periods: (a) March 1965 to June 1965, (b) June 1965 to September 1965, 
(c) September 1965 to December 1965 (posteruption). Vectors (d) and (e) apply only to the Hilina Pali station 
and represent the tilt for the periods December 1964 to June 1965 and June 1965 to January 1966, respectively. 
The magnitudes of the posteruption tilt vectors obtained at Kalihipaa and Kipuka Nene were so great that they 
could not be plotted at the same scale used for the other tilt vectors; they are therefore dashed, and the magnitude 
of each vector is labeled.

dering in the shallow pool of lava just west of Kane 
Nui o Hamo.

By 0500 the glow above the vents east of Aloi Crater 
was barely visible, and before sunrise on Christmas Day 
the eruption had ended.

NATURE OF GROUND MOVEMENTS 

PRELIMINARY SEISMIC STUDIES

As the fires of the eruption dwindled and died, the 
great swarm of earthquakes that accompanied the 
activity was still increasing in intensity. Thousands of

earthquakes that originated during the continuing seis 
mic crisis were recorded by the permanent seisiaic net 
work of the Hawaiian Volcano Observatory and by a 
portable, jeep-mounted unit that was operated at five 
different localities on the flanks of Kilauea Volcano 
(fig. 1). This preliminary summary deals chiefly with 
the results obtained from the portable unit.

The portable seismic unit, consisting of a 2-channel 
system equipped with short-period, horizontal and ver 
tical seismometers, was operated for 1- to 3-hour periods 
at each of the five localities. For normal operation the
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FIGURE 4. Generalized chronology of events during the De 
cember 1965 activity of Kilauea Volcano. The duration of 
eruption has been projected downward (dotted lines) to 
emphasize that the eruption occupied only the early stage 
of the total activity.

system was set at a magnification of about 10,000, peak 
ing at a frequency of about 5 cycles per second.

EARTHQUAKE FREQUENCY AND MAGNITUDE

The seismic crisis began abruptly at 1929 on December 
24 and rapidly increased in intensity. A strong-motion

291-038 68   2

instrument (vertical short-period Sprengnether seismo 
graph) at Uwekahuna recorded 15 earthquakes during 
the initial hour, and the rate increased to more than 90 
per hour by 0400 on December 25 (fig. 4). Peak fre 
quencies on seismograms were masked during the pe 
riod of most intense activity, from about 0300 to 1400 on 
the 25th. After 1400 the frequency of quakes diminished, 
and the frequency plot followed a hyperbolic decay 
curve to the end of the crisis. This frequency patterr is 
common for tectonic earthquakes and aftershocks. Dur 
ing the 168-hour period from December 24-31, more 
than 2,500 earthquakes, ranging in magnitude from 0.5 
to 4.2, were recorded at Uwekahuna.

More than 2,300 earthquakes of magnitude 0.1 or 
greater were recorded by the high-gain, portable in 
strument over scattered periods totaling only 26 ho^rs 
during the first 5 days of the crisis; during the peak of 
activity, more than 5 quakes per minute were registered. 
If the entire crisis had been monitored with this instru 
ment, it is likely that more than 10,000 earthquakes 
would have been recorded.

LOCATION OF EARTHQUAKES

Much additional work is needed before many of the 
earthquakes can be precisely located, but the available 
data clearly indicate that most of the epicenters lay 
along the parts of the Koae fault system and the upper 
part of the east rift zone that were badly broken by 
cracks and faults during the activity. An east-west dis 
tribution of epicenters in this zone is shown by varia 
tions in the arrival times of P-waves at the Desert and 
Makaopuhi seismometers of the permanent seismic net 
work (fig. 1). During the period: from December 28 to 
31, a maximum variation of 3.4 seconds was obtained in 
the arrival times of P-waves from 69 selected earth 
quakes, suggesting an epicentral distribution extending 
nearly the entire distance between the two stations. T\e 
lack of seismometers south of Ahua makes it difficult 
to determine north-south focal distribution during this 
same period, but the average delay of P-wave arrivals 
between the Ahua and West Pit seismometers implies 
an epicentral concentration south of the caldera area, 
presumably very close to Ahua.

Differences in P- and S-wave arrivals determired 
from 1,094 earthquakes recorded by the portable seismic 
unit also indicate that the largest concentration of em- 
centers was near the zone of cracking. A predominence 
of S-P interval values ranging from 1.5 to nearly 0 
seconds, which correspond to epicentral radii of P~0 
km at "0" km depth, was observed at Hilina Pali Road 
(1), Chain of Craters Road junction (2), and Ainahou 
Ranch Road (3) localities (fig. 1). On the other hand, 
at the Poliokeawe fault (4) and Kau Road (5) locsli-
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ties, south and north of the cracked area, respectively, 
S-P interval values ranging from 1 to 2 seconds were 
common. Such values indicate epicentral distances of 
about 5-10 km. A lack of S-P interval values of less than 
1 second suggests a corresponding lack of earthquake 
activity in the immediate vicinity of these last two 
localities.

Finally, the general intensity of the seismic activity 
as recorded by the portable unit was significantly 
greater at the three localities within the cracked zone 
than it was at the two localities north and south of the 
zone. These differences of intensity also strongly sug 
gest that the epicenters of most of the earthquakes lay 
within the zone of cracking.

HARMONIC TREMOR

Harmonic tremor began recording at 1929 on Decem 
ber 24, the same time that the swarm of earthquakes 
began. The tremor rapidly increased in intensity (fig. 
4), and by 2030, large amplitude tremor began to regis 
ter on all the near-summit seismometers of the perma 
nent seismic network. Especially high tremor amplitude, 
reaching its peak at 2153 on the 24th, was recorded on 
the Ahua seismometer (fig. 4), only 4 miles from Aloi 
Crater. This high amplitude probably correlates with 
the period of maximum lava fountaining in and near 
the crater. As the fountaining diminished during the 
next few hours, the amplitude of tremor also decreased; 
after 0400 on December 25, when the eruption ended, 
the tremor diminished at a gradual rate throughout 
December 25 and during the first 16 hours of Decem 
ber 26. After 1600 on the 26th, tremor was faint and 
erratic and was recorded only by some nearby high-gain 
seismometers.

CRACKING OF THE GROUND

Hundreds of cracks opened within a narrow area at 
least 8 miles long and about 1 mile wide extending west 
from Kane Nui o Hamo, through the Chain of Craters 
Koad, and into the Kau Desert (fig. 1). The cracks in 
the eastern part of this area extend into the upper east 
rift zone of Kilauea Volcano, and some of these cracks 
served as source fissures for the lavas of December 1965. 
The remainder lie within the Koae fault system, a 
highly broken zone of monoclines, tilted blocks, and 
grabens extending southwest across the Kau Desert. 
Only a few of the cracks that were active during Decem 
ber 1965 opened for the first time; most of them had al 
ready formed during previous episodes but opened 
wider in response to the renewed stresses.

The cracking of December 1965 was greater in total 
extent and magnitude than the cracking that accom 
panied any of the eruptions along the upper east rift

zone during the past 5 years, and it clearly exceec^d that 
formed during the seismic crises of May 1938 (Jaggar, 
1938), December 1950 (Finch, 1950), and Mr,y 1963 
(Kinoshita, 1968). More than 22 cracks broke the 
Chain of Craters Eoad between Alae and Pauahi 
Craters, and hundreds more disrupted the roads leading 
to Ainahou Ranch and Hilina Pali (fig. 5).

About 58 inches of right-lateral offset was recorded 
along the cracks that crossed the Chain of Craters Road. 
Twenty inches of this offset was produced alon^ seven 
cracks that are definitely attributable to the activity of 
December 1965 because the cracks cut the dashed paint 
stripes of the highway centerline, last painted in August 
1965.

The remaining 15 cracks record a total right-lateral 
offset of about 38 inches, but these cracks crossed the 
road at points between the painted stripes of the center- 
line, and thus are not positively related to the activity of 
December 1965. Some of them may well have formed 
during the eruptions or seismic crises that have taken 
place in the upper east rift zone in the past 16 years. 
Judging from the known offsets of the cracks that cut 
the painted stripes, however, it seems likely that at least 
half the offsets of uncertain origin were formed during 
the activity of December 1965. Thus, a total of perhaps 
36 or 40 inches of right-lateral movement was distrib 
uted along the cracks between Alae and Pauahi Craters 
in December 1965.

Some part of this right-lateral movement might only 
be apparent, however, and could have been caused by 
simple tensional opening of the cracks which c~oss the 
road at an oblique angle; but half the crackr in the 
blacktop of the road showed no tensional opening what 
soever, and most of the remaining half opened d; ^tances 
of less than 1 inch (while, for example, showing right- 
lateral offsets of 2 or 4 inches). In contrast, the r->ad was 
buckled upward from 4-6 inches at two places between 
Aloi and Pauahi Craters.

Only two of the cracks that crossed the Chain of 
Craters Road showed appreciable vertical displacement. 
One of these cracks, about 400 feet east of Aloi Crater, 
produced a normal displacement of about 1 incK south 
east side down. The second, just east of Pauahi Crater, 
downdropped the road about 12 inches, also to th^ south 
east (as well as offsetting it about 8 inches in a right- 
lateral sense). This was the largest crack crossing the 
road, and it was at the same place where the road was 
badly broken during the seismic crisis of May 1938 
(Jaggar, 1938).

The Hilina Pali Road was heavily damaged along 
more than 2 miles of its length and was completely 
destroyed at the point where it crosses Kalana okuaiki 
Pali (fig. 6). Moreover, the overall pattern of dQ-forma-
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FIGUBE 5. Map of the area between Heake and Makaopuhi Craters, upper east rift zone of Kilauea Volcano, showing the 
lava and source vents of the eruption of December 1965 and the lava of the eruptions of March 1965, August 1963, and 
December 1962. The solid lines crossing the Chain of Craters Road are the 22 cracks that opened during the activity of 
December 1965; the crosshatched area just west of Kane Nui o Hamo marks the area affected by crustal foundering at 
about 0400 on December 25, 1965. Note that the lava of December 1962 is partly covered by the lava of December 1965.

tion along the Hilina Pali Road was considerably more 
complicated than it was along the Chain of Craters 
Road. Many of the cracks produced small tensional 
openings, but elsewhere, parts of the road surface were 
buckled into small chevronlike folds, producing a crude 
"washboard" effect. Comparatively few of the cracks 
showed a strike-slip component of offset, but where ob 
served, left-lateral offsets were clearly dominant. This 
was especially true for the segment of the road extendL 
ing a mile northeastward from Kalanaokuaiki Pali.

The crack at Kalanaokuaiki Pali, the largest formed 
during the activity of December 1965, marked the sharp 
southern boundary of the entire zone of cracking. Only 
a few tiny cracks crossed the roads leading to Hilina 
Pali and the Ainahou Ranch within a quarter of a mile 
south of the pali, and no new cracks were observed 
farther south.

The time relations of some of the individual cracks 
are known, and these relations serve to place broad limits 
on the timing of the entire episode of cracking. The 
cracks that broke the Chain of Craters Road in the 
vicinity of Aloi Crater opened before observers first 
arrived near the scene of the eruption at 2145 on De 
cember 24. These cracks grew rapidly during the next 
hour when the eruption in Aloi Crater reached its

climax; they achieved their maximum displacement by 
about 2300. The large crack in the Chain of Craters 
Road just east of Pauahi Crater had barely opened at 
2145. By 0030 on December 25 it was conspicuous, but 
still easily crossed by automobile. By 0215, however, the 
crack (and accompanying collapse of the road) had 
grown to such an extent that an automobile could barely 
be driven across it. At 0400 the crack had grown to its 
full size and had completely closed the road to vehicular 
traffic.

The opening of the large crack that broke the Aina 
hou Ranch Road at Kalanaokuaiki Pali was actually 
observed. Just before 2145 on December 24 the alarmed 
caretaker of the ranch attempted to evacuate the area. 
As he approached the pali from the south he paused 
momentarily to view the brilliant glow from the erup 
tion in Aloi Crater, only 1 mile northeast. At 2145 a 
very large earthquake jolted the area, and a gaping 
crack about 3 feet wide and at least 20 feet deep opened 
across the road just a few feet north of where he was 
standing. It was impossible for him. to drive his auto 
mobile across this crack, and he was forced to spend a 
lonely and terrifying night at the ranch.

The time relations of the crack that destroyed the 
Hilina Pali Road at Kalanaokuaiki Pali are also well
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FIGTJBE 6. DESTRUCTION OF HILINA

A. At 1100 on December 25 the road was crossed by only one main crack about 3 feet wide, and slumping from the edges of
this crack had enlarged the gap in the road to about 8 feet.

known. At 0815 on December 25 the crack was barely 
2 feet wide, and with careful maneuvering it would 
have been passable in a 4-wheel-drive vehicle. At 0840 
the area was wrenched by an earthquake so violent that 
it nearly toppled a vehicle parked nearby, and the 
crack abruptly opened to about 5 feet (fig. QA). This 
crack and others in the immediate area continued to 
widen as the swarm of earthquakes continued through 
December 25 and 26, and by the morning of December 
27 the main crack had opened to its full extent (fig. 6Z?). 

In summary, different cracks opened at different 
times, and it is therefore possible to graph the develop 
ment of the cracking only in a most generalized way 
(fig. 4). Specifically, however, the cracks that were 
observed to open in the eastern part of the disturbed 
zone formed during the eruption or soon thereafter, 
whereas the large crack to the west that cut the Hilina 
Pali Road opened later, during and just after the swarm 
of earthquakes reached its peak on December 25.

COLLAPSE OF THE SUMMIT

The onset of summit collapse at 1930 on December 24 
was marked by the abrupt southeastern deflection of 
the long-period seismographs at Uwekahuna. Both the 
east-west and north-south components of tilt recorded 
by the short-base tiltmeter at Uwekahuna also recorded 
the collapse, and details of the east-west component are 
shown in figure 4.

Measurements of tilt with the long-base instruments 
at the stations near the summit of the volcano also 
clearly show the collapse, and the vectors from the Tree 
Molds, Uwekahuna, and Ahua stations show a rather 
poorly defined center of collapse located 1-2 km east 
of Halemaumau (fig. 3). The tilt vector obtained at 
Sandspit, on the other hand, suggests some local col 
lapse in the area southeast of Sandspit, as is also sug 
gested by the leveling data presented below.

Faults that opened near the piers of the Kalihipaa 
tilt station disrupted the local area to such an extent
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PALI ROAD AT KALANAOKUAIKI PALI

B. At 1000 on December 27 the main gap in the road had enlarged to a width of about 10 feet, and new cracks to the south 
(left) added to the destruction. The apparent vertical displacement at this locality totals about 3 or 4 feet, north 
side down.

that the piers were no longer within the measuring 
range of the tiltmeter. Precise leveling of these piers, 
however, indicated a tilt rate of 55 microradians per 
month in the direction S. 13.3° E. for the period 
September 4,1965, to January 5, 1966. This tilt vector 
has been plotted on figure 3, but future measurements at 
this locality will not be made because changes of tilt 
caused by regional inflation or deflation can no longer 
be distinguished from those produced by local tectonic 
movements.

The unprecedented rates of tilt recorded at Kipuka 
Nene and Hilina Pali far exceeded the rates obtained 
during any period of time since measurements were 
first made at these stations in October 1959 and Jan 
uary 1960, respectively. The southward orientation of 
both tilt vectors indicates that these stations did not re 
spond to collapse of the summit, but suggests, instead, 
that at least part of the south flank of the volcano tilted 
seaward.

291-038 68   3

CHANGES IN ALTITUDE

Changes in altitude of the summit area and upper 
east rift of Kilauea Volcano are monitored by precise 
level lines originating at a reference bench mark near 
Bird Park (fig. 7), at the contact between Kilauea and 
Mauna Loa Volcanoes. Bird Park, however, lies only 
4-6 km from the areas of maximum uplift and de 
flation of the summit, and it doubtless participates in 
these vertical movements to some extent. The magni 
tude of the movement at Bird Park is not known, but 
the areas of maximum inflation or deflation have al 
ways shown considerably greater changes than the area 
near Bird Park. Thus, the pattern of altitude change 
that does emerge gives a good indication of relative 
movements within the volcanic pile.

On Kilauea summit (fig. 7) two areas of subsidence 
and one smaller more elongate area of uplift are indi 
cated. The area of uplift that trends northeast across 
Kilauea caldera did not, of course, inflate after the erup-
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FIGURE 7. Change in altitude of bench marks in the summit area of Kilauea Volcano for the period June 1965 to
January 1966.

tion of December 1965; rather, it merely did not sub 
side to the former level of June 1965. The shape of 
the subsidence along the northwest margin of the cal- 
dera is poorly defined by the few data points available, 
although its existence seems fairly certain. The over 
all configuration of the negative area south-southeast 
of Halemaumau is also poorly known, but, again, it 
seems to be a genuine feature. The local subsidence in 
this area probably explains the seemingly anomalous

measurement of southeast ground tilt at Sandspit in 
January 1966 (fig. 3).

Precise leveling of bench marks along the Chain 
of Craters Eoad and the Hilina Pali Eoad in January 
1966 revealed major changes of altitude in the area 
south and southeast of the summit. The bench marks 
along the Chain of Craters Eoad were last leveled just 
after the eruption of March 1965, and thus their 
change in altitude can be attributed to the deformation
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that took place before and during the activity of De 
cember 1965. The bench marks along the Hilina Pali 
Koad were last leveled in July 1963, shortly after two 
episodes of summit collapse and ground cracking along 
the Koae fault system. Since July 1963 and before 
December 1965, there have been three eruptions on the 
upper east rift zone and one small episode of summit 
collapse not accompanied by an eruption, but no ground 
cracking was noted along the Hilina Pali Road follow 
ing any of these periods of activity. It is probable, 
therefore, that most of the changes in altitude recorded 
in January 1966 can be attributed to the activity of De 
cember 1965.

The apparent change in altitude at each of the bench 
marks is shown in figure 8. The scarcity of data permits 
the contour lines of equal altitude change to be drawn 
with considerable freedom, and probably with a cor 
responding lack of accuracy. The "zero change," contour 
has been drawn to enclose most of the areas broken by 
ground cracking in December 1965, including the west 
ernmost line of eruptive fissures where cracking was 
intense. All the bench marks within this contour sub 
sided, locally more than 5 feet. The area of subsidence 
clearly extends from the Koae fault system eastward 
into the east rift zone.

Most of the bench marks shown on figure 8, however, 
had higher altitudes after the activity of December 1965. 
The five bench marks along the Chain of Craters Road 
north of the area of subsidence had net increases in 
altitude ranging from about 0.13 to more than 0.35 foot. 
The six bench marks east and southeast of the subsided 
area had even greater uplifts. The reason for this uplift 
is not fully understood. The measurements either record 
net inflation of the rift zone that took place before the 
December 1965 activity, or during the activity itself; in 
the absence of leveling data for the period just before 
the eruption of December 1965, it is not known which 
is more plausible.

Perhaps the most interesting area of uplift lies just 
south of Kalanaokuaiki Pali along the Hilina Pali 
Road. Just south of the pali, more than 2.4 feet of up 
lift was recorded, and lesser amounts of uplift were re 
corded at the two bench marks father south along the 
road. Just north of the pali, nearly 6 feet of subsidence 
was measured, indicating that a total displacement of 
more than 8 feet took place along the fault at the pali 
and on nearby smaller faults. Displacements of the same 
order of magnitude, as substantiated by fieldwork, were 
found along the pali eastward for 4 miles, to a point just 
south of Aloi Crater. For this reason, the + 1-foot con 
tour on figure 8 has been extended eastward, just south 
of Kalanaokuaiki Pali, to the vicinity of the east rift

zone. There, the contour has been arbitrarily joined with 
the one enclosing the uplifted bench marks along the 
Chain of Craters Road east of Aloi Crater.

The surface of the lava lake, formed in the west pit 
of Makaopuhi Crater in March 1965, had been leveled 
eight times before the eruption of December 1965; the 
ninth leveling of the lake in March 1966 revealed that 
the entire lake surface had been tilted, presumably dur 
ing the activity of December 1965. The strike and dip of 
the tilted lake surface is shown in figure 8; the strike 
cuts directly across what might have been considered 
the regional trend of deformation. The data are insuf 
ficient to indicate whether the crosscutting contour at 
Makaopuhi Crater marks the eastern boundary of an 
area of rather simple uplift or whether it forms part of 
a more complicated pattern of deformation, the config 
uration of which could not be outlined by the meager 
data at hand.

DEPOSITION OF SULFUR

The choking fumes that billowed from the cracked 
zone just west of Aloi Crater on the night of the eruption 
gave the first indication that great quantities of sulfur- 
bearing gases were being liberated. Reconnaissance dur 
ing the first week after the eruption showed that large 
amounts of sulfur were being deposited along the sides 
of many steaming cracks and source fissures between 
Aloi Crater and Kane Nui o Hamo (fig. 5). Moreover, 
newly deposited sulfur was noted along some cracks 
in the steep north wall of Makaopuhi Crater, and scat 
tered occurrences of active sulfur deposition were re 
ported as far away as Napau Crater, 4 miles east of Aloi 
Crater. Within 3 months, the rate of sulfur deposition 
slackened considerably, and active deposition continued 
only near Aloi Crater and at a few places to the east, 
within about 1 mile. Twenty-five months after the erup 
tion, in January 1968, sulfur deposition had virtually 
ceased near Aloi Crater, and it persisted only at one 
locality about half a mile to the east.

DISTRIBUTION AND CHARACTER OF LAVA 

LAVA ERUPTED IN ALOI CRATER

The lava erupted into Aloi Crater poured from two 
right-offset en echelon fissures that cut northeastward 
across the floor and walls of the crater (fig. 9). The new 
lava spread over the December 1962 lava that formed the 
flat floor of the crater, and, as the eruption continued, 
it began to fill the crater. When the lava pool reached 
a depth of about 36 feet, it covered the top of the 1962 
drainback, and continued infilling brought the maxi 
mum depth of the lava lake to about 47 feet. At this point 
the lava abruptly began to drain back, either into the
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FIGURE 8. Changes in altitude (in feet) of bench marks along the Chain of Craters Road (for the period March 1965 to 
January 1966) and along the Hilina Pali Road (for the period July 1963 to January 1966). Only the 0- and +l-foot 
contours are shown; these are highly schematic. The strike and dip symbol plotted in the west pit of Makaopuhi Crater 
shows the direction of tilt of the surface of the lava lake after the activity of December 1965.

source fissures or into newly opened cracks that are 
no longer visible. The lake level quickly lowered 
about 11 feet, leaving a thin smooth skin of glassy lava 
encrusting the talus blocks that rim the crater. The 
drainback continued, but in smaller increments of 1 or 
2 feet, and parts of the thin crust that formed during 
each successive stand of the lava lake are still rooted in 
the sloping walls of the crater (fig. 9). When the lava 
lake was about 8 feet deep, the drainback ceased for a 
short period, and a crust about 5 inches thick developed. 
Then, at 0140 on December 25, this crust in the southern 
part of the crater was overturned in a 15-minute episode 
of crustal foundering that spiraled counterclockwise 
halfway around the floor of the crater. Renewed drain- 
back then lowered the lake surface a final 3 feet to its 
present altitude of about 2,942 feet.

In March 1966, a 1^-inch hole was drilled 26 feet 
into the floor of Aloi Crater in an effort to determine 
the thickness of the lavas of 1965 and 1962 and the 
nature of the material that floored the crater before the 
eruption of December 1962. This hole was drilled just

over the point where the crustal foundering began in 
the southern, part of the crater (fig. 9); more than 11 
feet of core was recovered.

A major flow contact was encountered at 11-12 feet, 
and the hole was bottomed at 26 feet in soft, oxidized 
material that presumably lies at or near the bottom of 
another lava flow. Moore and Krivoy (1964) estimated 
that the 1962 lava was less than 10 feet thick. The flow 
contact encountered at a depth of 11-12 feet therefore 
probably represents the base of the 1962 lava. The con 
tact between the 1962 and 1965 lavas apparently lies 
at a depth of about 6 or 7 feet, in which interval the 
drill penetrated 0.5 foot of soft material. Moreover, the 
abrupt drop in olivine content, from about 1.7 percent 
in rocks above this interval to about 0.5 percent in rocks 
below it, also suggests that the base of the 1965 lava lies 
within the interval, perhaps at a depth of about 6.5 
feet.

The rubbly material encountered at 26 feet must 
therefore mark the approximate base of a prehistoric
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FIGURE 9. View looking northwest of lava and source fissures (dashed lines) of the December 1965 eruption in Aloi Crater. 
The thin crust of glassy basalt, extending 47 feet above the former floor of the crater, marks the maximum stand of the 
lava lake during the early stages of the eruption. The slight bench one-third of the way down this crust (best seen just 
to the left of the steaming fissure on the far side of the crater) represents the buried top of the drainback crust formed 
dujring the eruption of December 1962. Man (circled) at the left center is standing at the point where a core drill 
penetrated about 6 feet of December 1965 lava and 5 feet of December 1962 lava; the same point marks the origin of 
the crustal foundering that spiraled counterclockwise halfway around the crater, leaving a conspicuous set of concentric 
joint cracks in its wake. Blocks that tumbled from the crater wall after the eruption litter the surface of the lava near 
the left (south) side of the crater.

lava flow, about 16 feet thick, that formed the floor of 
Aloi Crater before December 1962.

LAVA ERUPTED OUTSIDE ALOI CRATEB

Lava was erupted from two main reaches of en eche 
lon fissures extending from Aloi Crater to the north 
west flank of Kane Nui o Hamo, a low lava cone lying 
about. 2 miles east (fig. 5.). This lava coalesced into 
four main pahoehoe flows, and flooded about 150 acres 
of land. The lava from the westernmost vents traveled 
to within 300 feet of the Chain of Craters Road, and the 
narrow tongue draining the easternmost flow stopped 
less than 1,000 feet from the lip of Makaopuhi Crater. 
Had the eruption from the fissures upstream from this 
tongue continued for an appreciably longer period, this 
lava would have spilled into the crater and covered the 
surface of the lava lake formed during the eruption of 
March 1965 (Wright and others, 1968).

Low fountaining from a 100-foot fissure on the north 
west flank of Kane Nui o Hamo fed a three-pronged 
flow that cascaded part way to the base of the cone, 
and two small outbreaks just west of Aloi Crater formed 
tiny patches of lava too small to be shown on the map. 
The westernmost of these patches is scarcely 6 feet 
across, but it lies only TO feet from the Chain of Craters

Road the closest to the road that lava has ever been 
erupted.

Two small patches of 1962 lava just west of Kane Nui 
o Hamo were completely buried by the 1965 flows, and 
three larger 1962 flows were partly buried. Only two 
small 1962 flows (one north of Alae Crater, the other 
just east of Aloi Crater) escaped being covered by the 
new lavas.

SOURCE VENTS AND DRAINBACK CRACKS

About 20 source fissures, as much as 4 feet wide and 
several hundred feet long, opened in the area between 
Aloi Crater and Kane Nui o Hamo. The strike of the 
individual fissures varies only 5° from N. 70° E., and 
collectively they form an en echelon zone striking about 
N. 80° E. From west to east, successive fissures are 
generally offset to the south, and this direction of offset 
duplicates the pattern of the fissures that opened during 
the eruption of December 1962 (Moore and Krivoy, 
1964). In general, the fissures of December 1965 lie 
either along the same line or just north of the fissures 
of December 1962.

Despite their rather small number and restricted 
distribution, these fissures had a surprisingly complex 
history. Of the 20 fissures shown on the map, only two
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or three served exclusively as source vents for the lava. 
The remaining fissures served both as source vents and 
as drainback cracks, and the available evidence suggests 
that, as the activity progressed, the total rate of drain- 
back gradually exceeded the rate of eruption.

The source fissures are shown on figure 5; in the field 
they are recognized chiefly by the abundance of spatter 
along their margins and by spatter encrustations on 
nearby trees. In some places this spatter built low ram 
parts less than a foot high along the margins of the 
source fissures. Elsewhere, the ramparts, if ever present, 
were swept away by the flowing lava, and only the 
spatter from the very latest stages of the eruption is 
sprinkled thinly over the lava crust.

Lava drained back into many of the source fissures, 
many of which are now partly filled by lava, chilled 
in the process of pouring underground. Moreover, in 
some places evidence shows that the rate of drainback 
increased as the activity progressed. In figure 10, for

example, thick encrustations of new spatter cover the 
top of the prehistoric spatter rampart that rises just 
south (to the right) of the fissure. These encrustations 
indicate that appreciable amounts of lava fountained 
from this particular fissure during the early stages of 
the eruption. The fissure itself, however, is bordered by 
striking drainback features; their occurrence proves 
that drainback was dominant during a later period.

The few fissures that apparently served only as drain- 
back cracks are of special interest. The interpretation 
that these fissures never erupted lava is based only on 
negative evidence, such as the conspicuous lack of spat 
ter deposits along their margins and the lack of spatter 
encrustations on nearby trees. Two conspicuous drain- 
back cracks of this type are located about three-quarters 
of a mile S. 70° W. from the summit of Kane Nui o 
Hamo. These cracks deserve particular attention be 
cause evidence suggests that they might not have opened 
until the eruption was well underway.

FIGURE 10. Source fissure and drainback crack, about 0.5 mile west of the summit of Kane Nui o Hamo. During the early 
stages of the eruption, large amounts of lava fountained from this fissure and showered a thick layer of new spatter on 
the prehistoric spatter rampart lying just to the south (right). Later, lava drained into this crack, and conspicuous 
drainback features' occur along its entire length.
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These two cracks are about 260 and 130 feet long, and 
in places they are as much as 3 feet wide. They happened 
to open in a fairly dense forest of small ohia trees 
(Met'msideros sp.), and dozens of tree molds of the type 
described by Moore and Richter (1962) were formed by 
the lava that temporarily pooled in the immediate area. 
As noted by Moore and Richter, the tapered lee side of 
some tree molds points in the direction that the lava was 
flowing. The tops of 30 of the 50 tree molds in this small 
area are strongly tapered and indicate that when the 
lava was about 5 feet deep it was flowing in a generally 
northeast direction (fig. 11).

The same general direction of flowage is indicated by 
the tapered edges about halfway down most of these 
tree molds, formed when the depth of the lava had 
lowered to about 2 or 3 feet; this flow direction has also

been plotted on figure 11. Below this level, however, the 
orientation of the tapered edges changes markedly, 
much as it does on the individual tree mold in figure 12, 
and the indicated flow directions point strongly toward 
the two drainback cracks (fig. 11).

Apparently, the lava flowed uniformly eastward dur 
ing the early part of the eruption when this area was 
flooded to a depth of about 6 feet. The cracks may have 
been draining some lava at this time, but the uniform 
direction of flowage and the nearly planar surface de 
fined by the tops of all the tree molds in this small area 
suggest that local drainback was slight, if it was taking 
place at all. As the lava continued to drain eastward 
the flow level gradually lowered, but after it reached a 
depth of 2 or 3 feet the flow direction was dominated 
by drainback into the cracks. Thus, it seems likely that

o 30 60 FEET

FIGUBE 11. Flow directions of lava in a small area 0.75 mile west of Kane Nui o Hamo as indicated by the tapered edges 
of tree molds. At an early stage (left) the lava flowed in a generally northeast direction, as shown by measurements at 
the tops of the tree molds (solid lines) and at the middle of the molds (dashed lines). At a later stage (right) local 
drainback into the cracks caused the flow pattern to change markedly.
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these cracks did not even open, or at least that they did 
not drain to any great extent, until late in the eruption 
when the depth of lava in this area had lowered to 2 or 
3 feet.

The fact that the slender tree trunks inside of the tree 
molds in this area did not burn (fig. 12) indicates that 
the whole process of rise and fall of the lava, as de 
scribed above, probably took place in a very short time, 
perhaps in a matter of a few minutes.

CRUSTAL FOUNDERING

From 0400 to about 0405 on December 25, the thin, 
solidified crust overlying the shallow, stagnant lava pool 
just west of Kane Nui o Hamo apparently was over 
turned during a brief period of crustal foundering.

FIGURE 12. Spiral tree mold 0.75 mile west of Kane Nui o 
Hamo. The jagged, tapered edge near the top of this 5-foot 
tree mold points to the right (east). Lower down on the 
mold, this edge spirals through an angle of nearly 90° and 
points directly toward the open drainback crack in the fore 
ground. When the depth of lava first began to decrease in 
this area, the direction of flow is interpreted to have been 
from left to right. Late-stage drainback caused the flow to 
change direction and pour directly into the open crack.

Although this foundering was not actually observed, the 
brilliant glow that resulted from it was seen (p. 3), 
and the structures and textures it formed are identical 
with those produced by the observed crustal foundering 
in Aloi Crater during the early hours of December 25. 

The total area affected by this overturning is about 
10 acres and is shown by the crosshatching in figure 5. 
All along the edge of this area a second crust, formed 
by the overturning, overrides the older crust, and in 
places, tilted slabs of older crust have been frozen in 
the position of foundering (fig. 13). In addition, the 
ropy surfaces and flow channels, so typical of the older 
crust (right foreground, fig. 13), are virtually absent in 
the lava that welled to the surface during the overturn.

VOLUME OF LAVA

About 400,000 cubic yards of lava initially poured in 
to Aloi Crater; however, all but 40,000 cubic yards 
drained away shortly after it was erupted.

East of Aloi Crater, about 150 acres of forest was 
flooded by lava, and measurements of the depths of hol 
low tree molds gave an average flow thickness of 3 feet. 
Thus, about 730,000 cubic yards of lava remains on the 
surface east of the crater, but this figure does not in 
clude the unknown volume of lava that drained into the 
source fissures and drainback cracks.

Therefore, a total of at least 1,130,000 cubic yards of 
basalt lava was erupted during the brief activity of 
December 1965; of this total, about 360,000 cubic yards 
drained back, leaving something on the order of 770,000 
cubic yards of lava remaining on the surface.

PETROLOGY AND CHEMISTRY

The lava of December 1965 is an olivine-poor tholei- 
itic basalt, and the 15 specimens examined in thin sec 
tion contain from 3.1 to 0.7 percent olivine. The olivine 
occurs chiefly as microphenocrysts, rarely exceeding 0.5 
mm in diameter; microphenocrysts of plagioclase and 
pyroxene are very sparse. Modes of 10 specimens are 
given in table 1.

The most glassy specimen of pumice (Aloi 65-1) con 
tains 0.7 percent olivine in well-formed micropheno 
crysts, only 0.2 percent pyroxene in ragged aggregates 
scattered sparsely through the rock, and no trace of 
plagioclase. Plagioclase was observed only in rocks con 
taining less than 91 percent glass, and opaques (ilmeivite 
> magnetite) are present only in the much more crystal 
line specimens. These relations suggest that the para- 
genesis of the main phases was olivine-pyroxene-plagio- 
clase-opaques, the same order observed in the 1959 lava 
erupted in Kilauea Ski (Kichter and Murata, 1966), and 
in the 1965 lava erupted in Makaopuhi Crater (Sato and 
Wright, 1966).
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FIGURE 13. Edge of area affected by crustal foundering, 0.5 mile west of Kane Nui o Hamo. Tilted slab of older crust is 
partly enveloped by frothy lava that welled to the surface during the period of crustal foundering. Note that the surface 
of the slab and the lava in the foreground contain a pronounced flow lineation, whereas the surface of the younger 
crust is nearly structureless.

Chemical analyses of three specimens of December 
1965 lava are given in table 2. Sample 1 consists of 
pumice erupted from Aloi Crater at about 2200 on 
December 24. Sample 2 is spatter collected from the 
surface of the lava remaining in Aloi Crater; this 
material was observed erupting shortly after midnight 
on the 24th. The precise time that sample 3 was erupted 
is not known, but because the f ountaining east of Aloi 
Crater continued for several hours after the eruption 
in the crater had ended, it is possible that it was not

emplaced until 0200 or 0400 on December 25. There 
fore, in the brief span of 4 or 6 hours represented by 
the specimens analyzed, little change took place in the 
chemistry of the lava erupted to the surface.

DISCUSSION

The summit area of Kilauea Volcano inflated and 
collapsed before and after the eruption of December 
1965 in much the same way that it has before and after 
each of the recent eruptions from the east rift zone

TABLE 1. Modal composition of lava from the December 1965 eruption of Kilauea Volcano, in volume percent

Field No.

Aloi 65-1
3
9
7
5

14
11
15
13
12

Description

Pumice erupted from Aloi Crater.. _______ _____ __ __
__ do ____ _________ _________ _____ _. _

Glassy spatter erupted 0.75 mile west of Kane Nui o Hamo _ __ .
Glassy spatter from surface of lava in Aloi Crater __ _______ ....
Drill core, Aloi Crater, depth: 

4ft                      .            __
0.75ft                       ._.   
5ft         ___ .... ___ . ___ ................... .... .
3.5ft...   ..... ___        _ . ___ .......... _ ... _ .......
2.5ft                            .............

Olivine ]

0.7
1 R

.7
2.3
3.1

1.6
1.5
1.5
1 0

1.8

Pyroxene

0.2 ..
.4 ..

8.3
14.2
14.9

39.2
45.9
45.4
AQ n
52.9

Plagioclase (

0.3

1.2

17.3
23.0
OQ A

24.7
23.8

Opaques '

Q Q

7.1
7 Q

7.0
7 Q

Glass 1
<

99.1
Q7 Q

90.7
83.5
80.9

33.1
22.5
91 c

17.4
13.7

Number 
rf points

1,000
1,000
1,000

724
1,000

1,000
1,000
1,000
1,000
1,000

1 Many of the opaques are difficult to distinguish from oxidized glass; the volume percentages for opaques and for glass may therefore be somewhat in error.
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TABLE 2. Chemical analyses and norms of lava from the December 
1965 and December 1962 eruptions of Kilauea Volcano

[Results in weight percent. Samples 1-3, December 1965, G. O. Riddle, analyst; 
samples 4 and 5, December 1962, E. L. Munson, analyst]

(1) (2) (3) (4) (5)

Laboratory No. 
FleldNo.- -

D101417 D101418 D101419 W162184» W162185» 
Aloi65-l Aloi65-5 Aloi 65-7 H-301 H-304

Chemical analyses

SiO2_ __ _ _
A12O3____ ______
Fe2O3 _---- __
FeO____. ______
MgO_____.____
CaO___________
Na2O_______ _
K20___________
HiO-K-     .
H20--________
TiO2 __ ___ __
PS06._________
AInO____ ______
C02___________
Cl-____   ____
F_____________.

Subtotal--
Less 0_ _

__ 50.29
-_ 13.77

1.33
__ 9. 87
__ 7. 74
__ 11.08
__ 2.36

.55

. 12

.01
__ 2. 56

.27

.17

.00

.02

.05

__ 100. 19
.02

50.35
13.64

1. 19
10.05
7.72

11.06
2.31
.55
.07
.00

2.63
.27
.17
.01
.02
.04

100. 08
.02

50.34
13. 58
1.23
9.97
7.85

11.05
2.33
.55
.02
.02

2.70
.28
.17
.01
.01
.04

100. 15
.02

51. 13
13. 81
2.20
9.99
5.67
9.63
2.76
.74
.05
.02

3.56
.38
.18
.02
.02
.05

100. 22
.02

50. 45
13.43

3. 16
8.41
7.49

10.74
2.42

. 59

.01

.00
2.88
.30
.18
.01
.02
.04

100. 13
.02

Total.----.- 100. 17 100.06 100.13 100.20 100.11

Norms

Q-_-_-__________ .42 .06 3.90 3.06
Or_______.___ 3.34 3.34 3.34 445 3.34 
Ab______________ 19.91 19.39 19.91 23.58 20.44
An ___________ 25.30 25.02 2474 22.80 23.91
Di:

Wo-______ 11.60 11.60 11.72 9.28 11.25
En___.__ 6.60 6.60 6.70 5.00 7.20 
Fs.________ 449 449 449 3.96 3.30

Hy:
En____.___ 12.70 12.70 12.70 9.20 11.50
Fs__-____ 8.45 8.84 8.58 7.00 5.15 

01:
Fo_._-_
Fa_____

Mt____ __
II  -____._
An

09
.____ .07 _
_____ 1.86
_____ 486
_____ .67

1.86
5.02
.67

1.86
5. 17
.67

3.25
6.84
1.01

464
5.47
.67

Total____ 99. 94 99. 95 100. 14 100. 27 99.93

i Tholeiitic basalts erupted in and near Aloi Crater, December 1962. Analyses of 
these specimens, previously reported by Moore and Krivoy (1964, table 2), were later 
found to be in error. For the record, new analyses of the same specimens are given here.

1. Pumice erupted from Aloi Crater, Dec. 24,1965.
2. Glassy spatter erupted onto surface of lava in Aloi Crater, Dec. 24,1965.
3. Glassy spatter erupted 0.75 mile west of Kane Nui o Hamo, Dec. 24 or 25,1965.
4. Lava from 0.5 mile west of Kane Nui o Hamo erupted Dec. 7,1962.
5. Lava from floor of Aloi Crater, erupted Dec. 7,1962.

(Eaton and Murata, 1960; Richter and others, 1964; 
Moore and Krivoy, 1964). As outlined by these authors, 
and demonstrated in figure 2 of this report, the summit 
of the volcano gradually swells as magma (accumulates 
within the central reservoir area. This accumulation 
continues until a point of failure is reached, and magma 
then travels laterally into the east rift zone where it is 
either erupted to the surface or remains underground in 
the form of dikes or other intrusive bodies. The with

drawal of magma from the summit reservoir causes an 
abrupt collapse of the summit a-rea, and the cycle of 
reservoir filling then begins again.

In contrast, the eruption of December 1965 was the 
briefest (6 hr) of any of the recent flank eruptions, but 
the seismic crisis that accompanied and followed the 
eruption was great, in both number of earthquakes and 
duration. The brevity of the eruption and the intensity 
of the seismic crisis are quite possibly related, especially 
when consideration is given to the overall chronology of 
the rate of eruption, tremor amplitude, earthquakes, 
ground cracking, and summit tilt.

The net rate of eruption, as shown diagramatically in 
figure 4, clearly was not a function only of the rate at 
which lava was erupted from the source fissures, for 
lava was draining back throughout much of the time 
that it was being erupted, so that the net rate of lava 
added to the surface was actually the resultant of both 
eruption and drainback.

Because so little of the eruption was actually ob 
served, the exact time relations between eruption and 
drainback are unknown, but field evidence suggests that 
drainback began abruptly and was the dominant process 
during the later part of the activity. The thin, glassy 
skin forming the upper part of the drainback on the 
walls of Aloi Crater indicates a very rapid withdrawal 
of lava. Observations made at midnight of December 
24 showed that the lava lake in Aloi Crater had com 
pletely drained only 3^ hours after the eruption began, 
and the period of most rapid drainback possibly took 
place less than 2 hours after the eruption began.

Even less is known about the timing of drainback of 
the flows in the east, but the slender unburned tree 
trunks at the center of many tree molds (fig. 12) clearly 
indicate rapid rise and equally rapid fall of the lava 
level, at least locally. By far, the best preservation of 
woody material at the core of tree molds is in the area 
adjacent to the cracks shown in figure 11. These cracks 
are believed to have drained large volumes of lava in 
the later stages of the eruption.

Drainback into source fissures and other cracks is a 
common feature of Kilauean eruptions, and it generally 
has been ascribed to the loss of volatiles and resulting 
decrease in the volume of magma within the near-sur 
face system of source fissures (Moore and Krivoy, 1964, 
p. 2044). Such an argument implies that the volume and 
overall configuration of the underground system of 
feeding channels remains about the same; but remem 
bering the extensive ground movements that were tak 
ing place as the eruption was waning, it seems pertinent 
in this instance to consider the opposite case one in
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which drainback is caused chiefly by changes in the vol 
ume of underground feeding channels.

Hundreds of old and new cracks opened at the sur 
face in the upper east rift zone and along the Koae fault 
system during the activity of December 1965, and the 
clustering of earthquake epicenters in the same area 
suggests that similar disruptions were also taking place 
at depth. According to the model suggested here, magma 
was able to erupt to the surface only during the early 
stages of the activity when the system of underground 
feeding channels was newly formed and still remained 
relatively intact. Later, as the area was progressively 
cracked and broken, the feeding channels were dis 
rupted, and new zones of weakness were formed at 
depth. The magma, which formerly streamed upward to 
the surface, now had other avenues of escape within the 
newly fracture rift zone and surface eruption soon 
ceased. As the volume of underground space became 
greater, lava began to drain back into the source fissures. 
Thus, the few cracks that first opened at this late stage, 
such as those in figure 11, could only serve as drain- 
backs.

Significantly when the eruption ended at 0400 on 
December 25, the seismic crisis, as measured by the num 
ber of earthquakes per hour, was just reaching its maxi 
mum, and it continued at a very high level for the next 
10 hours. Ground cracking, tremor amplitude, and col 
lapse of the summit also continued vigorously for the 
same period, strongly suggesting that a major instrusive 
event within the upper east rift zone was well under 
way.

In conclusion, it is interesting to speculate as to the 
direction of the net displacement that resulted from the 
considerable ground movements south and southeast of 
the summit area. Figure 14 shows a very generalized 
picture of these displacements as suggested by the 
limited data available. The tensional opening of many 
of the cracks in the Koae fault system clearly suggests 
dilation perpendicular to the trend of the system, and 
it seems likely that much of this dilation would be ac 
commodated by seaward movement of the area south of 
the Koae fault system. Numerous tension cracks also 
opened along the upper east rift zone, but the deforma 
tion plan in this area was complicated by the apparent 
right-lateral displacement along most of the cracks. 
Nevertheless, a general dilation of the rift zone is def 
initely indicated and, again, movement of the south 
flank of the volcano seems likely. Accordingly, arrows 
showing seaward displacement have been placed on 
figure 14 in the area just south of the region where dila 
tion and subsidence were the greatest.

The Koae fault system and part of the upper east rift 
zone could therefore be considered to have acted as a 
complex keystone graben during the activity of Decem 
ber 1965. As the south flank of the volcano moved sia- 
ward, this complex graben adjusted to the lateral 
extension by subsiding, locally more than 5 feet. More 
over, as documented by the abnormally large tilt at the 
Kalihipaa station (fig. 3), some blocks in this disturbed 
area rotated as they subsided. In the past, movements 
similar to those of December 19,65 doubtless have oc 
curred repeatedly along the Koae fault system, and they 
probably explain the highly jumbled and disrupted as 
pect of much of the region.

It is not clear whether the seaward movement of the 
area south of Kalanaokuaiki Pali (fig. 14) was of the 
gravity-slide type, as proposed by Moore and Krivoy 
(1964), or whether it was the result of lateral wedging 
due to forceful instrusion of magma in the upper e^st 
rift zone. If the movement had been of the gravity-slide 
type, it seems reasonable that the area south of the p^li 
should have moved downward, and that the greatest 
subsidence would have taken place just south of the pp.li. 
Meager tilting and leveling data have suggested, on the 
other hand, that at least part of the block, bounded by 
Kalanaokuaiki Pali on the north and the Hilina Pali 
fault system on the south, actually went up rather than 
down. The pertinent tilt and leveling data illustrating 
this relationship have been projected onto line A-A' of 
figure 14. (See profile, fig. 15.) The amount of uplift 
increases nonlinearly as Kalanaokuaiki Pali is p,p- 
proached, indicating that the area was not deformed by 
simple seaward tilting. J. G. Moore and J. P. Eaton 
(oral commun., 1967) suggested that this uplift 
actually represents elastic rebound due to the sudcfen 
release of accumulated stresses along Kalanaokuaiki 
Pali. According to this scheme, which seems quite plausi 
ble, graben collapse in the Koae fault system in recr.nt 
years (1938, 1950, 1960, 1963) produced stresses tl at 
were not completely released by movement on Kalanao 
kuaiki Pali, and the area south of the pali was bent 
downward. During the activity of December 1965, how 
ever, these stresses were released, and the area to the 
south rebounded upward. Such a mechanism might well 
explain the general shape of the deformation curve in 
figure 15.

All these structural interpretations must remp.in 
speculative, however, until more data are available. It is 
hoped that the deformation associated with future pe^i- 
ods of activity can be monitored in even greater deta il, 
and thus aid in obtaining a better understanding of the 
interesting structural relations in the upper east r ft 
zone and Koae fault system.
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FIGURE 14. Possible displacements of the area south and southeast of Kilauea caldera as a result of the activity of
December 1965.
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FIGURE 15. Profile showing altitude and tilt changes south 
of Kal'anaokuaiki Pali for the period July 1963 to January 
1966. The leveling and tilt data have been projected to the 
section line from nearby stations; the magnitude of ground 
tilt was obtained by vector summation of the measured 
tilt at Kipuka Nene and Hilina Pali. Location of section 
shown in figure 14.
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