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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY 

THE OCTOBER 1963 ERUPTION OF KILAUEA VOLCANO, HAWAII 

By J.UlES G. MOORE and ROBERT Y. KOYANAGl 

ABSTRACT 

The eruption of October 5-6, 1963, occurred along an 8-mile 
section of the central part of the east rift zone of Kilauea 
Volcano. About 9 million cubic yards of lava was erupted from 
more than 30 fissures which show a slight right-offset en echelon 
pattern; the new lava covered an area of 1.3 ~quare miles. 

A few hours before the actual outbreak, the sUIllmit of 
Kilauea began to subside, and strong harmonic tremor and 
earthquakes commenced at both the summit and the site of 
the later activity near Napau Crat!'r. These ph!'nolll!'na were 
apparently caused by subsurface liow of magma from the sum­
mit resen'oir through the rift zon!' conduits to the eruptiw' 
,-ents 8 miles distant. 

The lava of the eruption is a tholeiitic basalt with an aY!'rage 
of G.6 percent olivine. In general, lavas that erupt!'d toward the 
eastern end of the eruptive zone are rich!'r in olivine. These 
lavas, like others that erupted in historic times on the rift zone, 
show a slight differentiation when compared with lavas that 
erupted from the sUlllmit. The differ!'utiation, apparently caused 
by cooling and crystallization within the rift zon!', can be 
measured by the ratio (CaOjFeO+0.9 Fe

2
0:l ), whieh is great!'r 

than 1 for sUllllllit lavas and which decreases systematically 
for lavas that erupted progressively eastward along the rift 
zone. 

INTRODUCTION 

Kilauea Volcano erupted on its upper east rift zone 
(fig. 1) on October 5-6, 1963, just 43 days after the last 
eruption, which occurred at Alae Crater 3 miles west of 
the region affected in this eruption. The eruption oc­
CUlTed along an 8-mile section of the central part of 
the rift zOlle extending from near Napau Crater east­
ward to Kalalua Crater. This actiyity is the fourth con­
secutive small eruption along the east rift zone during' 
the past 2 years, and it marks a curious departure frol1l 
the usual pattern of one or more summit eruptions fol­
lowed by a flank eruption. 

During the eruption, lava flowed from more than 30 
fissures that are arranged in a right-offset en echelon 
pattern. Some flows are more than half a mile wide, 
and the total area covered by new lava is 1.~ square 
miles. The volume of the erupted lava is about 9 million 
<,ubic yards (disregarding In. va which flowed back down 
cracks). Although this volume exceeds that of the pre-

vious three flank eruptions (September 1961, December 
1962, and August 1963), it is small compared with 
earlier flank eruptions. 

The eruption occurred in a remote area distant from 
roads and overgrown with dense tropical vegetation. 
Most of the observations during the eruptive activity 
were made from the air, and subsequent fieldwork ,,,as 
limited owing to the inaccessible terrain. Sampling of 
the flow was accomplished with the aid of a light 
helicopter. 

This report includes a summary of observations and 
data collected by the staff of the Ha,miian Volcano 
Observatory, whose contributions and help are grate­
fully acknowledged. The Hawaii Army National Guard 
provided air reconnaissance support, and personnel of 
Hawaii Volcanoes National Park contributed data and 
observations. 

DISTRIBUTIO:\, OF VOLCANIC ACTIVITY ON THE EAST 
RIFT ZONE 

Most of the mapping shown on plate 1 has been done 
with the aid of aerial photographs, because roads do not 
extend east of Makaopuhi Crater, trails are widely sep­
arated, and the region is overgrown by a tropical forest 
that thrives on an annual rainfall of 100-200 inches. 
Fortunately a series of photographs were taken in 1954, 
and additional photographic coverage of varying qual­
ity was made after each successive flank eruption. 

The older la\-a, flows of the rift zone ha\-e been di­
vided into three map units which are based on the char­
acter of the covering vegetation. The oldest unit, early 
prehistoric basalt, includes flmys whose forest cover is 
the most mature. Ohia trees average about 30 feet ill 
height, and beneath the trees a canopy of tree ferns 
from 10 to 15 feet high obscure the ground from the air. 
There is little surficial material except for ash and 
spatter near vents, and the lava surface is generally 
fresh although locally it is covered with a few inches of 
dead vegetation and a tangle of fallen trees. The early 
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THE OCTOBER 1963 ERUPTIOX OF KILAUEA VOLCANO, HAWAII C3 

prehistoric basalt is considered to be younger than ap­
proximately 10,000 years because in no place is it CO\T­

ered by the Pahala Ash, a widespread ash unit \yhich 
has a, radiocarbon date of 10,000-17,000 years old (Ru­
bin and Berthold, 1961). Moreover, the Pahala Ash has 
not been identified in any of the pit craters and so is 
presumed to underlie the several hundred feet of lava 
flo\vs exposed in the pit crater walls. 

The next younger unit, late prehistoric basalt, is in 
most places densely covered by small to med.mn ohia 
trees 10-20 feet high. Judging from this vegetation, the 
late prehistoric basalt is assumed to be older than about 
300 years and younger than a few thousand years. The 
pit craters 'within the mapped area probably formed 
during this period because several of them (N apau 
Crater, the small crater southeast of N apau Crater, and 
Makaopuhi Crater) cut this unit, and lava of this unit 
fills the older east pit of :Jiakaopuhi Crater. 

The next younger unit, very late prehistoric and early 
historic basalt, is overgrown by small trees that are up 
to 10 feet high and by low staghorn ferns a few feet 
high. This unit includes lava flows known to have been 
erupted in 1840 and others that have similar vegetative 
cover. 

Throughout historic time, the east rift zone has been 
the more active of Kilauea, Volcano's two rift zones. 
Fifteen eruptions have been reported on the east rift 
zone betweeri about 1750 and 1965, and only three on 
the southwest rift zone (Stearns and Macdonald, 1946). 
Information on early eruptions is scanty, but probably 
more unreported eruptions broke out along the east rift 
than along the south\vest rift because it is more inac­
cessible, covered with heavier vegetation, and more 
likely to ha\'e a heavy cloud covel'. 

For convenience, the location of the historic eruptive 
vents is projected onto a stra,ight line 32 miles long 
drawn from the center of the principal Y~llt of Kilauea 
Caldera (Halemaumall) to the east cape of the island 
(fig. 2). Distances are measnred along this line from 
Halemaumau. The October 1963 eruptive fissures are 
on the 8- to 14-mile segment of this line. The geologic 
map (pI. 1) includes the (i- to H)-mile segnlPllt of the 
rift zone. 

The earliest historic activity along the east rift zone, 
the eruptions of 1750 en and 1790 ( n, i" recorded main­
ly in Hawaiian folklore, and details of these erupt.ions 
are only assumed. The 1I50(C) lanl was erupted from 
a nnt at the 19-111ile point of the rift zone just beyond 
the east end of plate 1. The 17!)() ( 'I) yent s \\"(~l'e 10('ated 
along the :21- to 2;3-mile segment. 

Re~ol'd" of the next recorded eruption, in 1840, are 
incomplete. Lava was empted along the 5- to 9-mile seg­
ment; eruptive vents OCCULTed within Alae Crater, 

north and east of :Jlakaopuhi Crater, and in and north 
of Napau Crater. The greatest volume of laTa, hO\ye\'er, 
was extruded from yents farther east along the 20- to 
24-mile segment; much of this lava poured into the sea. 
According to olel records (Dana, 1849, p. 189) natives 
reported additional activity in the interior bet\yeen the 
5- to 9-mile and 20- to 24-mile active segments of the rift 
zone. Aerial photographs of the region show se\'eral 
lava, flows of similar age (based on vegetation) in the 
intermediate zone, and these flows ha ve been tentnti vely 
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FIGl"RE 2,-Longitndinal di"tribution of erupth-e vents on the 
past rift ZOIlI' of Kilaul'/l Volcallo frolll lU;;-1 to IOU;;. Posi­
tiOIl of n'llts is V1"oj(c'dpll (at right uuglps) olltO lille ..til. 
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KihtllPH Cal(\pJ'a \dth a 1I0illt 011 till' ea:,t t'ape of the i~:lalld. 
Distam'e i.~ llIpaSIl\'l'(\ f\'om thp (,PlIt!'\' of HIl!PlIlalllllall. NUIII­
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:4i(), of rift zoue alld SUllllllit lanls as shown in table :l. Iu­
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assigned to the 18-1-0 eruption on the geologic map. They 
occur in the D- to 12-111ile segment of the rift zone. 

In 1884 an apparent submarine eruption occurred 
just cast of the east cape of the island in shallow water 
(Steams and Maedonald, 1D46, p. 111); a column of 
water, steam, and smoke shot several hnndreel feet in the 
all" 

Small eruptions occurred on the upper part of the rift 
zone in May 1922 and August 1923 (pI. 1). The 1922 
eruption (Stearns and Maedonalcl, 1946, p. 115) pro­
duced a small pond of lava in the west crater of Malmo­
puhi (6!h miles on the rift zone); the pond was feel 
from a fissure \"hich \vas later active in the March 1965 
eruption. ,\ second 1!l22 vent, at the D-mile position, 
built a small spatter ('one on the east rim of N apau 
Crater; this eone is still yisible Hen though lavas of 
the October Hl63 and 'larch 1965 eruptions have swept 
aronnd its base. ~\ small eruption in 1D23 (Stearns and 
Macdonald, 1946, p. 116; Finch, 1923; Stearns and 
Clark, 1900, pI. 1) poured out a small amount of lava 
on the ,,,est side of 'lakaopuhi Crater at the 6-mile 
position of the rift zone. The ('ited references do not 
agree on the exact position of the lava that erupted in 
1920. The hvo flmvs Sho\Vll on plate 1 as belonging to 
the 1920 eruption appeal' on aerial photographs as 
young flows overgrown with the same amonnt of vege­
tation. The northeasterly flo,,, corresponds to the map­
ping of Stearns and Clark (1930) and the description 
of Finch (1 !l2:)) ; the sontlnvesterly flow corresponds to 
the mapping of Steams and 'laedonald (1946, pI. 1). 

These sma 11 flank erll ptions \"ere followed in 1924 
hy violent phreatic. explosions in Halemaumau and by 
('raeking, faulting, an(l formatioll of a graben on the 
past cape of the island along the 00- to f12-mile segment 
of the rift zone. This sequence of events indicates a 
rapid draining of the summit reservoir of the volcano 
and is possibly related to migration of magma out 
along the east rift zone \\'here lava may have emerged 
farther east as all nnohseryed snbmarine eruption. 

;\ new pattei'll of increased frequency of east rift 
zone ernptions hegall in 1!)i);'). Fl'om19i)5 through 1D65, 
eight rift ernptions occurred, ,\'hereas from 1750 to 
lDf);j only fi\'e east rift el'llptions (and two questionable 
submarine eruptiolls) \\'ere reported. Part of this dif­
ference is no doubt clue to incomplete records of early 
activity, but it is unlikely that any but the smallest 
erllPtions were ullreported since 1840. The inhabitants 
of the yolcano l'egion, hoth natiye and immigrant, have 
always had a keen awareness of volcanic activity. 

The position of east rift eruptive vents of the last 
decade is snmmarized in fignre 2. ~\ll11ost every part of 
the 02-mile-Iong rift zone has heen active, though since 

1961 activity has been restricted to the 4- to 20-mile 
segment. Eruptive acti\'ity seems to be generally 
moving up the rift zone despite several notable excep­
tions. Clearly, predictions of the site of the next 
eruption are little better than guesses. 

Prior to the 1961 eruption, every flank eruption of 
Kilauea Volcano (and Mauna Loa Volcano as ,Yell) 
was followed by at least one summit eruption. During 
much of the historic period up to 192-1:, continuous lava­
lake activity occurred in and neal' Halemaumau. Since 
1961, how6"er, the increased east rift zone activity has 
been accompanied by total absence of any summit 
activity.! 

The individual erupth'e vents on the east rift zone 
(p1. 1) are the upper ends of magma-filled fissures or 
feeder dikes that extend from the summit reservoir 
beneath Kilauea Caldera. ]\fost of the vents are discon­
tinuous 011 the surface, rarely exceeding half a mile in 
length, though at some shallmy depth they must be 
continuous. ,Vithin the mapped area, most of the dikes 
of the last decade occur in a narrow zone less than a 
quarter of a mile wide except near the ,,'est margin of 
the map where the right-offset en echelon arrangement 
of the vents produces the north curve of the rift zone 
CMoore and Krivoy, 196-1-, p. 20-1-2). The activity of the 
last decade has occurred ahout midway across the 2-
mile width of the rift zone. 

The individual nnts of each eruption, as ,,'ell as the 
rift zone as a \Y]lOle, show a characteristic en echelon 
arrangement. In the map area most of the 1840, 1922, 
1961, 1962~ October 1960, and March 1965 eruptive fis­
sures are slightly ofl'set to the right. This eft'ect is visible 
on a finer scale when all eruption is vie,,,ed from the 
ail', for eaeh mapped fissure is actllalJy made of shorter 
elements, each slightly offset to the right. On a larger 
scale, the entire rift zone "'here it curves northward 
tmn1l'd Kilauea Caldera (on the west end of pI. 1) 
shows a profound right offset en eehelol1 pattern. The 
1962 vents, for example, are offset nearly half a mile 
neal' Alae Crater \"est of Makaopuhi Crater (Moore and 
Krivoy, 19(4). 

Generally wherever the offset of eruptive fissures is 
greatest (from 0.1 to 0.5 mile), pit craters occur beb"een 
the offset segments. This relation holds on the upper 
east rift zone and also on the extreme 10\"er east rift 
zone \"here the zone cunes slightly north and is offset 
to the left at the group of pit eraters 6 miles soutll\"est 
of the east cape of the island (see Macdonald and 
Eaton, 1964, pI. 1). 

1 Activity within Halemaumau resllllled in November 1967 and waH 
still continuing in .Tune 19GI'<, 
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EVEXTS OF 1963 PRECEDING THE ERUPTION 

Following the December 1962 eruption, Kilauea Vol­
cano was especially active. Three periods of collapse and 
associated ground cracking and one small eruption pre­
ceded the eruption in October (fig. 3). Each of these 
four events was preceded by an uplift of the caldera 
region, presumably caused by magma from depth enter­
ing and inflating the reservoir beneath the summit. This 
uplift is indicated by northwest ground tilting at 
Uwekahuna, located on the northwest side of the region 
of uplift. Each of the collapses and eruptions was ac­
companied by a dramatic subsidence of the summit 
caused by underground movement of magma from the 
reservoir eastward into the rift zone. No lava reached 
the surface during any of the three collapses (May 9, 
July 1, and August 3,1963), but extensive ground crack­
ing of the Koae fault zone south of the Caldera oc­
eurred during the first two (Koyanagi and others, 
1964). 

The daily llumuer of shallow earthquakes originating 
beneath Kilauea Caldera that are recorded on the North 
Pit seismometer is tabulated as a general index of local 
seismicity (fig. 3). The pattern of these earthquakes 
during 1963 bears a crude relation to the amount of 
magma in the summit reservoir as recorded by daily 
ground tilting at Uwekahuna. Generally ",hen the sum­
mit reservoir is most empty, as after an eruption, the 
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daily count of earthquakes is less than auout 40 pel' clay. 
As the rescnoir fills and apparently stresses its roof, 
walls, and floor, the count of earthflllUkes increases to 
more than 100 per day. This relation, howeyer, is com­
plicated by swarms of earthquakes which seem to be 
related to the rate of filling rather than to the an101lnt 
of filling. Such a swarm occurred in late Decemher 1962 
and early .January 1963, Another factor not represented 
in figure 3 is the movement of the center of inflation, 
which will affect the north-south and east-west com­
ponents of tilt at anyone station differently. Any local­
ized uplift directly south of the Uwelmhuna station, 
for example, may produce earthquakes, but the uplift 
will not be recorded by the east-west component of 
ground tilt at that station, 

DESCRIPTION OF THE ERUPTION 

The eruption was immediately preceded by a marked 
subsidence of the summit of Kilauea which began at 
03()(j October 5 (fig, 4), This subsidence and the reslllt­
ant tilting of the ground was indieated by deflectioll 
of the long-period' seismographs at U,Yekahuna, At 
0316, seismographs at the summit (North Pit) and 
upper east rift zone (Makaopuhi) began recording 
strong harmonic tremor and local shallow earthquakes, 
The subsidence and the harmonic tremor presumably 
resulted from magma moving from the summit reservoir 
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I<' H;UIU; a.-Relatiolls of Kilaueall el'uptiollS (E) alld eollallses (C). grollnd tilting at Cw(>kahtllltl, and daily lIllml)!>r of shallow 
euldpnt pal'th(jlHlkes reeorded at the Xorth Pit ;;ehmlOmeter <lurillg the llerio<l Xo\'pmhpr IHG:! to ,Tanuary IDG-l. 
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FIGURE -I.-Chronology of events <luring the October 19()3 Kilauea ea,.;t rift eruption. 

of the volcano into the east rift. zone dike system. At 
0525 an apparent air shock awakened most residents of 
the summit area, and following it the harmonic tremor 
increased markedly, The eruption in K apan Crater 
probably began at this time, 

At 0608 Observatory staff members arrived at Maka­
opuhi Crater and observed a billowing fume cloud and 
heard a faint roaring noise to the northeast, although 
vision was impaired by heavy low clouds and light rain, 
At 0605 a pilot in a cropduster aircraft. fie,,, over Napau 
Crat.er and, despite low overcast, observed Jam foun­
taining from a fissure extending across the floor of the 
crater, The fountain was still active on his retnrn flight 

at 0845. At 0735 the roa,ring noise at Makaopuhi had 
. diminished to faint booming sounds, and the fume cloud 

was not visible because of heavy rain clouds. 
At approximately 0730 a party of pig hunters on 

the Kalapana trail about 2 miles south of Napau Crater 
began to smell strong sulfur fumes and heard a roaring 
noise to the north. Shortly afterward, scorched leaves 
and wood ash, carried by the wind from the north began 
falling near them. They abandoned the hunt. and headed 
up the trail, arriving at Makaopuhi at 0840. 

At 0850 an Observatory party arrived at the south­
west rim of Napau Crater and observed a line of lava 
fountains across the floor of the pit crater that were 
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erupting up to ;")() feet high; the fountains were about 
in the same position as the 1840 vents. About 70 percent 
of the crater floor was covered by ne,,- lava which ap­
peared to be at least 20 feet thick. The trail to the lava 
trees on the northwest side of ~apau Crater was cut by 
an erupti,'e fissure 650 feet north of the junction with 
the N apau Crater overlook trail. 'When this fissure was 
first seen at 0905, it had already erupted spatter and a 
small pad of lava and was emitting copious amounts of 
choking sulfurous gas. 

At 0930 the eruptive a.rea was again seen from the 
air. In addition to the vents in and near N apau Crater, 
a line of vents 3-4 miles east-northeast of Napau Crater 
was fountaining la va. 50 feet high. 

The vents in Napa.u Crater were partly roofed over 
with congealed spatter at 1055, but violent agitation of 
liquid lava. could be seen beneath the spatter from the 
northwest rim of the pit crater. On the far side of the 
crater (northeast), new sheets of fluid lnnt could be 
seen spreading over the la.ke surface, but their source 
could not be determined beca use of very heavy fume. 

Beginning slightly before 1400, new outhreaks oc­
curred 3-6 miles east of N apau Crater. The exact pat­
tem of erupti,-e activity in this area is incompletely 
known because of the inaccessibility of the region, the 
cloudy weather, and the featureless aspect of the land­
scape when viewed from the air. At 1400, abundant 
brown fume ,,-as visible from Glenwood on the Hilo 
road in the vicinity of Kalalua Crater; lighter colored 
fume billowed from two other vent areas up the rift, 
both were probably within i~ miles of Kalalua ('!"ater. 

At 1410, a. flight over the vents just north,Yest of 
Kalahm Crater re"ealedla nl fountains one-fourth mile 
long and 150 feet high. 'Ylwn the same fountains ,,,ere 
obsen-ed again at 1800, they still occasionally attained 
heights of l;")() feet but diminished intermittently to . 
heights of ;;0-7i) feet. Tm> la \'It flo,,-s fed by the foun­
tains had begun to nlO,-e side by "ide down the rift zone 
in an east-northeast direction. ~Iuch of the lava ill the 
northern stream flowed north into a large crack. The 
l'omplete absence of this craek in photographs taken in 
October H)(il suggests that it mlS formed during the 
early phases of this eruption. 

By 20;30 Oetober ;j, the two flows, c]olllinantly of pa­
hoehoe type, were about 114mile east-northeast of the 
source ,-euts and were lllOl'illg at less tliau a quarter of 
It mile pel' hour. The advancing flow fronts and trans­
verse cracks perpendicular to the length of the flow were 
brightly incandescent in the darkness. Hundreds of 
twinkling flares, dotting much of the surface of the 

flows, were caused by trees bursting into flame when 
surrounded by the thinla va flows. 

During most of the night a bright red glow was visi­
ble from Pahoa, Kalapana, and Hilo despite 'intermit­
tent ra.in and cloudy weather. By 0320 October 6 the 
intensity of the glo,Y had decreased, and the glow was 
last reported at 0-:1:00. A flight O\'er the eruption area 
at 06;30 revealed that all of the eruptive vents \"ere 
quiet. Some of the fissures were glowing red and shoot­
ing red-orange flames 10-15 feet into the air, but emp­
tion of lava. had ceased. However, cessation of lava ex­
trusion had apparently occurred only shortly before 
0630 because the fronts of the two Im'a flows were still 
moving slowly through the forest about 1% miles from 
their source. All of the nnts from Kalalua to Napau 
Crater were vigorou~ly steaming and degassing, and 
the vapors were being carried sonthwest by the prentil­
ing trade winds (fig. 5). The eruptive vents, which 
\yere clearly delineated by escaping gases, are offset in 
a right-hand en echelon fashion. 

A flight ove1' the eruptive area revealed a final short­
lived out,break \yhich occurred about 0940 October 6. 
vVhen obsen-ecl at 0950 the new lava. fountain, which 
had previously been spouting up to 25 feet high, was 
only spattering feebly, and it presumably stopped soon 
after. This fissure was about i3 miles east-northeast of 
Napau Crater, midway along the line of eruptive vents 
(fig. 4). 

LAVA FLOWS 

During the eruption ahout. 15 new lava flows and 
areas of spatter were forllled; about 9 million cuhic 
yards of ne,Y lanl covered about 3.n million square yards 
(1.3 square miles) of tropical forest on the east rift 
zone (table 1). l\fany of the areas of Bew In va are ,-ery 
small and represent material erupterl by short-lil'ed 
fountains which broke through cracks in the rift zone 
and erupted spatter, probably for only a few minutes. 
The three largest flows are ill Napnn Crater, 2 miles 
'vest. of Knlnlua. Crater, and north of Kalalun Crater. 

T.\lJLE I.-Area and l'olullte 0/ lava erupted ·in October 1[63 

Area Thickness Volume No. Lava flow (S(I yd X 1(}1) (yd) (cu yd X H)3) 

1 Flows alld spath'I" west of NUllllU 
CmteL_. ____________ _ 

~ Nap,m Crat('r filL~ _______________ _ 
3 Flows and spatlt'r hctwel'n Napau 

Crater and :>10.4 ______________ _ 
4 Flow 1 mil., east of Napan Cratl'L_ 
5 Flow 2111iles east of N apau Crater __ 
6 Flow 2H miles west of Kalalua 

Crater ____ . _____________ . _______ _ 
7 Flows and spatter hl'twl'ell Nos. 6 

and 8 ___________________________ _ 
8 Larg(' flow north of Kalalua Cratl'r_ 

TotaL ___ .. _ .. ___ .. ________ _ 

!I 
553 

44 
177 
57 

5711 2 

76 I 
2,402 2 

3,888 _____________ _ 

!I 
:1,765 

44 
177 
57 

1,140 

76 
4,804 

9,072 
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The How in Napan Crater ('overs about 75 percent of 
the wooded floor of the pit l'nlter (fig. 6). This flow 
was feel by a line of wnts trending N. 600 E. acrosS the 
northern part of the ernter. The vents are offset in a 
right-hand en echelon pattel'll and lie about 100 feet 
north of a similar line of vents formed in the 184:0 erup­
tion. The crater fill ,vas also partly fed by yents extend­
ing northeast from the nOli,heast rim of the crater. 
These vents, 200-300 feet south of the 1 fl22 vents, sup­
plied lava, that poured down 30-40 feet over the crater 
rim in three cascades, joining the new lava ponding on 

the crater floor. 
New lava tree molds are abundant on the edge and 

are scattered on the fioor of Napau Crater. They ,,-ere 

formed ,,-hen f1uid lava fiowed through the forest nnd 
became chilled against the larger trees, after which the 
lava surfnce was lowered as the lava flowed awny or 
contracted (Moore and Hichter, 1\Hi2). The highest tree 
molds, as well as the high-level lava crust on the edge 
of the poneled lava, record the highest level that the 
pond attained dlll'ing the eruption. This level is as 
much as \J feet above the surface of the ponded lavn; 
the lowering of the pond surface is the result of shrink­
age cansed by cooling anclloss of gas as well as lateral 
flow of lava a way from the vents. The remaining lava 
fill in Napau Crater is estimated to average about 15 
feet thick and to totnl abont 2,765,000 cubic yards in 

yolmne. 

F)(;DHE ".-Yigorolls dle'gassing of le'ruptiye tissurle's P;dpl](ling 4 mille'S east of ?\'apall Crater. l'hoto/!,'J'aph taken 0\)30, Odoher U, 
lUG3. Yiew northeast. 

I 
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I"IGURE B.-Yiew ('astward across the floor of "apan Crater showing lava of OetolH'r 5, ]!)(;;{. awl degassing ,'ent on far side. This 
lava. whieh is marred by abundant trP(' molds. was lat!'r ('olllplptely ('o\'('re<1 hy I:n'lI of tllP ~[ar('h Inn;; ernption. Photograph 
tnk£,11 Octob!'(' n. 1%'3. 
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A flow nearly a mile long, \yhich is notable because 
of the large number of tree molds \yhich cover its sur­
face, occurs mich-ay on the part of the rift zone active 
in October 1963. Apparently this lava was extremely 
fluid and swept through the forest in a thin sheet (about 
6 ft thick) that quickly chilled around the trees and 
did not remain hot long enongh to destroy the tree 
molds. This flow has been subsequently covered by 
March 1965 lava (p1.1). 

The largest flow is 2Yz miles long and more than one­
half mile wide and originated from vents north and 
northwest of KaJnlua Crater. It averages about 6 feet 
thick and has a volume of nearly 5 million cubic yards. 
The feeding fountains, active during the night of 
October 5, built small spatter ramparts beside the vents 
up to 8 feet high. 

EARTHQUAKES, THEl\IOR, AND TILTING 

Beginning ,shortly after 0300 on October 5, magma 
began moving nnderground from the summit reservoir 
beneath Kilauea Caldera east\vard on the rift zone to 
the eruptive vents near Napau Crater. This movement 
is demonst rated by (1) rapid tilting and subsidence of 
the summit beginning at 0306, as recorded by deflection 
of the Press-Ewing seismographs at Uwekahuna, (2) 
beginning of continuous harmonic tremor, as recorded 
at all the summit seismograph sta60ns and at Pahoa at 
0316, and (3) beginning of a l)eriod of many shallow 
earthquakes at 0322 originating from the summit and 
the upper east rift zone (fig. 4). 

The short-base tiItmeter at "Cwekahuna indicated that 
half of the subsidence was complete at 0800, just 2 
hours after the eruption began and 5 hours after the 
tremor began. The subsidence continued at a reduced 
rate throughout the eruption and appeared to terminate 
and maintain a ne\y low stable leve] by about 0800 
October 6. 

The harmonic tremor began rather abruptly at all the 
summit stations and at Pahoa and continued for many 
hours after the eruption \yas over. The relative ampli­
tude of tremor (fig. ,I.) at the different stations reflects 
the underground passage of magma from the summit 
reservoir progressively eashYard io the eruptive vents. 
The tremor ampliture \yas greatest at North Pit from 
0700 to 1300 October, at Makaopuhi from 0700 to 2300 
October 5, and at Pahoa from 1400 Odober 5 to 0100 
October 6. 

However, the similarity of the pattern of the begin­
ning of tremor at both North Pit and :Makaopuhi f'ug­
gests that the magma did not move with a distinct front 
from the summit reserYoir (near N"orth Pit) along 
along the rift zone past Makaopuhi. More likely, the rift 
zone was still charged with magma remaining from the 

Aloi eruption (December 1062), the non eruptive col­
lapses of May, July, and August 1063, and the eruption 
of August 1963. Hence, shortly after 0300 October 5, 
magma in a large part of the rift zone between Malwo­
puhi and the summit probably began moving en masse 
down the rift zone. 

A detailed study of the harmonic tremor during 
October 5 was made by means of a dense array of seis­
mometers in the summit region of Kilauea Volcano 
(Shil11ozuru and others, 1966). This work sho\\'s that 
early in the eruption, tremor \yas most intense neal' 
11 \yekahnna and Ha lema \1111 an. Later, in the evening 
of October 5, the region of greatest intensity of tremor 
became elongated and formed a rather straight zone 
extending from the northeast side of Halemauman to 
the upper east rift zone near Heake Crater (fig. 1). The 
data suggest that magma transmission from the summit 
resenoir to the east rift zone follows this zone of in­
tense tremor. The change in position of the region of 
greatest tremor intensity would reflect fluctuations in 
volume or velocity of magma passing a given part of 
the rift zone. 

Earthquake activity was at a high level before and 
during the eruption, and shallow earthquakes occurred 
over an extensive part of the upper east rift ione and 
summit of Kilauea Volcano (fig. 1). Prior to the erup­
tion

1 
an abnormally high number of shallow earth­

quakes \yas recorded beneath Kilauea Volcano. By 
September 16, 1963, these earthquakes reached a fre­
quency of more than 100 per day, and they exceeded 
that level up to the time of the ernption (fig. 3). Dur­
ing the first part of the eruption the shallow caldera 
earthquakes increased to a somewhat higher level, and 
during the first 10 hours approximately 125 earthquakes 
of abont magnitude Yz to 1% occurred in the caldera 
area (fig. 4). After 2000 October 5, these earthquakes 
dropped off and remained at an abnormally low level 
for several "weeks. 

A fe\\' hours before the eruption, a small flurry of 
earthquakes occurred on the lower east rift zone neal' 
the Pahoa seismograph. 

The continnous slO\\' mO\'ement of magma from depth 
into the summit reservoir apparently deformed the roof 
and wall rocks, and thereby caused the increase of small 
earthquakes before the eruption. .As pressure and 
stresses increased, magma in the east rift zone that re­
mained from the December 1962 Hnd.\ngust 1963 erup­
tions broke through an obstruction neal' Karan Crater. 
began flowing east throngh the rift zone, and was 
erupted in the zone of fissllres extending 4: miles east of 
Napan Crater. This initial breakthrough near Napall 
Crater generated the early swarm of earthquakes in 
that region (fig. 1). 
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Subsequent subsurface flow of magma from the sum­

mit reservoir caused the roof rocks to subside to such 
an extent that some of the subsidence. was accommo­
dated by movement in the Koae fault zone. This 1110,'e­
ment caused the swarm of earthquakes both in the cen­
tral part of the Koae fault zone and, a few hours Intel', 
near the intersection of the fnult zone and the east rift 
zone (fig. 1). Subsequent earthquakes migrated east 
and south on the rift zone as new stresses "'ere applied 
by the shift of magma through subsurface conduits from 
the summit to the flank of the volcano. 

During the period October -4-1-1, the short-base tilt­
meter at Uwekahuna recorded an imYllrc1 tilt of 84 mi­
croradians, which represents the approximate ,yith­
drawal (and consequent subsidence) of 3a million cubic 
yards of magma from the summit reselToir. This with­
drawal compares with a withdrawal of appl'Oximately 
3 million cubic yards during the Angust 1963 eruption 
and of 36 million cubic yards during the March 1965 
eruption. 

Hence this eruption, like lllany past eruptions such as 
that of September 1961 (Richter and others, 19G4, p. 
D32) and December 1962 (Moore and Kri,'oy, 1964, p. 
2039), produced a much larger collapse of the summit 
than can be accounted for by the yolume of erupted 
lavas. The remaining 24 million cubic yards (33 million 
cubic yards of collapse lllinus Ii million cubic yards of 
extruded lava) must now be stored in the rift zone un­
dm'going cooling and differentiation. 

Unfortunately, the long-base tiltmeters which sur­
round the summit region (fig. 1) were read on A\.UgUSt 8 
and October 8 and not shortly after the small flank 
eruption of August 21-23 (Peck and others, 19(4). 
Hence the tilt vectors plotted in figure 1 record the cum­
ulative ground tilt during the .August 21-2;3 eruption 
anel accompanying collapse, the resumption of uplift, 
and the October 5-6 eruption and collapse. The second 
collapse, however, was by far the most important eYent, 
and the tilt "edors on the map port.ray chiefly this 
(·ollapse. 

PETROLOGY OF THE LAVAS 

The la,'as of the Odobel' 1963 eruption are tholeiitic 
basalt and tholeiitie olidne basalt that are similar to 
la,'a in the last. pre"ious ernption of A\ugnst }fl63 and 
to lava of the following eruption of .:\Iarch 1965 (table 
2). All of the lavas contain some olivine; the an'rage 
modal olidne content. in 11 samples (table i3) is 5.6 
percent. The pereent 0livi~1e is highly variahle, even 
within a single hand specimen, but the la \"lIS that 
erupted farther east on the rift zone have n tendency 
for being richer in olivine than the lavas that erupted 
farther west. The ,Yestern four samples collected within 

the upper 2.4 miles of the rift aeti"e in Odobel' 196;) 
a"erage 0.9 pereent o!i,·ine. The eastern four samples 
from the lower 1.7 miles of the actiye rift twerage 5.8 
pereellt olidne. One sample ill the intermediate section, 
howe"er, contains 29.5 per('ent oliyine; this percentage 
must represent a concentration of olivine crystals on a 
hand-specimen scale because the chemical analysis of 
another sample of the rock does not reflect sueh a high 
oli "ine content (table 2). 

Olivine occurs as phenoel'ysts se"entl millimeters in 
size and as small crystals ranging up to 0.05 millimeter 
in size. The small olivine crystals are generally skeletal 
in outline, and many contain glass-filled cavities. 

T.\BLE 2.-Lz"me and iron content of recent lavas erupted on the 
summit and east nft zone of K i[allea 

Average at 50.4 
percent SiO, CaO 

Eruption Reference 
FeO+ CaO FeO+ 

O.9Fe,03 0.9Fe,O, 

1954 ......... _ ..... _. _ ... 11. 6 11.2 10.97 Macdonald and Eaton 
(1964). 

l!!55 ........ _ .. ___ ....... 1l.8 10.4 . 88 Do . 
1959 ................. _ ... 11. 25 1l.55 11.03 Murata and Richter (1966). 
1960 ........... _ ......... 11. 6 10.7 . 92 Do . 
Hl61 smnmiL ___________ 10.85 1l.35 1.05 Richter, Ault, Eaton, and 

Moore (lU64). 
1U61 f1ank ............ __ . 11. 2 10.8 . 96 Do . 
1U62 ..... _ ...... _. __ ._ ... 11.05 10.86 1 .98 Moore and Krivoy (l!J64). 
1963, August: 

Peck, Wright, and Moore Lava ... ----------- 10.94 11.11 1.01 
(1966). 

Ooze ................ 13.7 9.5 . 69 Do . 
1963,OctobeL .......... 1l.07 10.87 . U8 This paper . 
1965, ~Iarch: 

Wrighf, Kinoshita, and Makaopuhi Crater .. 11.12 11.0 . un 
and Peck (1968). 

East on riCL .. _ ..... 11.22 10.85 . U7 Do . 
1965, December.._ ...... 11.08 11.06 1.00 Fiske and Koyanagi (l~6S). 

1 Based 011 only one analysis. 

The groundmHss of the lavas ranges from transparent. 
brown glass in the drastically chilled pumice and flmy 
surfaces, through opaque black glass in the chilled lava, 
to an intersertalmesh of clinopyroxene and plagioclase 
in the more slo,dy cooled interior of la \'a flows. 

Chemically all of the layas are tholeiitic basalts with 
normative quartz (table 2). The seven analyses are re­
markedly uniform; they a "erage 50.51 percent Si02 

and do not deviate by more than 0.27 percent from this 
value. 

It has been shown previollsly (Richter and others, 
1964, p. D29-D31) that lavas erupted from the east rift 
zone of Kilauea Volcano show It systematic chentical 
change compared ,,,ith those from the summit. of the 
volcano. The change is most. notable in the decrease in 
CaO and increase in total iron in flank lavas as com­
pared with summit lavas of the same general Si02 con­
tent. This change in composition can be best explained 
by the remond of plagioclase and pyroxene during cool­
ing of the summit magma while it moved along the rift 
zone from the summit reservoir, and while it was tem-
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TABLE 3.-Cheln7·cal analyses, norms, and modal analyses of basalts from October 1.968, erupt£on of Knauea Volcano 
and adjacent areas 

[Analyst: G. O. Riddell 

2 3 6 8 9 10 11 12 13 

Chemical analyseB 

SiO,...................................... 50.63 50.56 50.52.......... 50.24 50.49.................... 50.43.................... 50.73 48.05 
AhO,..................................... 13.78 13.64 13.74.......... 13.78 14.20.................... 13.63 .................... 13.72 10.33 
Fe'O'..................................... 1.06 1.73 1.31.......... 1.27 1.53 ............. '....... 1.19.................... 1.25 1.34 
FeO...................................... 9.97 9.52 9.90 .......... 9.89 9.31.................... 10.01.................... 10.49 10.19 
MgO. ...... ............................... 7.42 7.64 7.41 .......... 7.25 7.39 .................... 7.68 .................... 6.43 17.39 
CaO .. _._ ............................. _... 10.97 1O.9'J 10.95.......... 10.84 10.91 .................... 10.82.................... 10.18 8.14 
Na,O ..................................... 2.40 2.32 2.40 '.'.' ... " 2.45 2.47 .................... 2.48 .................... 2.60 1. 66 
K,O...................................... .57 .56 .56.......... .57 .68 .................... .58 .................... .69 .36 
H,O+.................................... .04 .05 .05.......... .32 .09.................... .08.................... .12 .17 
II,O-.................................... .02 .01 .02 .. "._.... .02 .02 .................... .02 .................... .01 .02 
TiO,...................................... 2.70 2.65 2.71 .......... 2.72 2.76.................... 2.80 .................... 3.30 2.04 
1',0'...................................... .28 .25 .29.......... .26 .29.................... .28 .................... .35 .19 
MnO...................................... .17 .17 .17.......... .17 .17.................... .17.................... .17 .17 
CO,....................................... .03 .03 .02.......... .04 .03.................... .00 .................... .00 .01 
CL....................................... .02 .02 .02.......... .02 .02.................... .02 .................... .02 .01 
F ............. _........................... .05 .04 .05.......... .04 .04 .................... .04 "' .. ".' .. '.".".' .05 .04 

----------------------------------------------------------------
SubtotaL ........................... 100.11 100.18 100.12.......... 99.88 100.30 .................... 100.23 .................... 100.11 100.11 
LessO.............................. .02 .02 .02.......... .02 .02 .................... .02.................... .02 .02 

--------------------------------------------------------------------
TotaL .............................. 100.09 100.16 100.10 ._........ 99.86 100.28 ......... _ .......... 100.21 .................... 100.09 100.09 

Norms 

Q, .................. - ..................... . 
Of ________________________________________ _ 

ab ....................................... . an _______________________________________ _ 
dL ....................................... . 
hy ...................................... . 
01 ........ _ ....................... _ ....... . 
mL .... _ ......................... _ ....... . 
iL ...................... _ .............. _ .. 
ap ....................................... _ 
hL ............................. _ ... _ ..... . 
fr ........ _ ....................... _ ....... . 
cc. ______________________________________ _ 

TotaL .......... __ ................. . 

0.80 
3.37 

20.15 
25.23 
22.01 
20.98 

.00 
1. 54 
5.13 
.66 
.03 
.08 
.07 

100.05 

1. 41 
3.31 

19.47 
25.23 
22.21 
20.18 

. 00 
2.51 
5.03 
. 59 
. 03 
. 06 
. 07 

100.10 

0.\!4 ........ _. 
3.31 ......... . 

20.15 ......... . 
25.15 ......... . 
21.98._ ....... . 
20.63 ......... . 

. 00 ..•..••... 
1.90 ......... . 
5.15 ......... . 
. 69 ......... . 
.03 ......... . 
.08 ......... . 
.05 ......... . 

100.06 ......... . 

0.69 
3.37 

20.57 
25.00 
21. 77 
20.32 

.00 
1.84 
5.17 
.62 
. 03 
. 06 
. 09 

99.53 

0.92 ................... . 
3.43 ................... . 

20.74 ................... . 
26.03 ................... . 
21.03 ................... . 
19.73 ................... . 

.00 ................... . 
2.22 ................... . 
5.24 ................... . 
.69 ................... . 
.03 ................... . 
.06 ................... . 
.07 ................... . 

100.19 ................... . 

0.07 ................... . 
3.43 .................. .. 

20.83 ................... . 
24.43 ................... . 
22.24 ................... . 
21.33 ................... . 

.00 ........... _ ....... . 
I. 73 ................... . 
5.32 ................... . 
.66 ................... . 
.03 ................... . 
.06 ................... . 
.00 ................... . 

100.13 ................... . 

2.04 
4.08 

21.84 
23.81 
19.84 
19.34 

.00 
1. 81 
6.27 
.83 
.03 
.07 
.00 

99.96 

0.00 
2.13 

13.97 
19.71 
15.33 
21. 70 
20.70 
1. 94 
3.87 
.45 
.02 
.07 
.02 

99.91 

Modal analyses 
._-----._---

Olivine ....................... _ ....... _ , .. 0.4 1.5 0.4 1.4 29.5 4.7 0.5 5.0 5.0 9.1 4.2 .......... 19.0 Pyroxene. ___ . ___ ______________ . _________ _ .4 ................... _.............................. .3 .............................. .3 ................... . 
Plagioclase ............................... . .7 ......... _ ............................................................................................................. . 
Glass (includ,,,, fine·grained groundmass) .. 98.6 !l8.5 99.6 98.7 70.5 95.3 !l9.2 95.0 95.0 90.9 95.5 .......... 81. 0 

TotaL ............... _ ............. . 100.1 100.0 100.0 100.1 

1. Thol .. iitic basalt. erupted Oct. 5,1963, from vent west of Napau Crater. 1.1 mile 
from northeast rim Makaopuhi Crater. 

2. Tholeiitic basalt erupted Oct. 5, 1963, from ,fissures within Napau Crater. 100 
yards from northwest edge of crater fill and 1.2 mile from northeast rim Makao· 
puhi Crater. 

3. TholPiitic basalt erupted Oct. 5,1963, from vent east of Napau Crater. 2.6 miles 
from northeast rim Makaopuhi Crater. 

4. Tholeiitic basalt erupted Oct. 5--6, 1963, from vent on north side prehistoric 
spatter cone. 3.5 miles from northeast rim Makaopuhi Crater. 

5. Tholeiitic olivine basalt erupted Oct. 5--6, 1963, from larger flow 2 miles east of 
Napau Crater. 3.8 miles from northeast rim Makaopuhi Crater. 

6. Tholeiitic basalt erupted Oct. 5-6, 1963, ~:\ mile above upper end largest 1963 lava 
flow. 5.5 miles from northeast rim Makaopuhi Crater. 

porarily stored in the rift zone before erupting on the 
flank. 

One measure of this chemical change is the CaO / 
(FeO + 0.9Fe2 0 3 ) ratio of the lavas at a fixed Si02 

content. This ratio has been determined for 50.4 percent 
Si02 and entered in table 3 and figure 2. The ratio is 
genera.lly greater than 1 for summit lavas and less than 
1 for flank lavas. A measure of the extreme to which 
this differentiation can proceed is indicated by a value 
of 0.69 for ooze filter pressed into a drill hole in the 
August 1963 Alae lava lake. 

The most highly differentiated lavas are produced 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 "' .. ".'. 100.0 

7. Tholeiitic basalt erupted Oct. 5--6, 1963, near upper end largest 1963 lava flow. 5.8 
miles from northeast rim Makaopuhi Crater. 

8. Tholeiitic olivine basa\!. erupted Oct. 5-6
h

I963, at upper end largest 1963 lava flow. 
5.9 miles from northeast rim Makaopu i Crater. 

9. Tholeiitic olivine basalt erupted Oct. 5--6, 1963, at vent 300 yards downrift frolll 
upper end largest 1963 lava flow. 6.0 miles from northeast rim Makaopuhi Crater. 

10. Tholeiitic olivine basalt erupted Oct. 5-6, 1963, near lower end of largest HI63 
lava fiow. 6.9 miles from northeast rim Makaopuhi Crater. 

11. Tholeiit.ic basalt erupted Oct. 5--6, 1963, near lower end of largest 1963 lava flow. 
7.2 miles form northeast rim Makaopnhl Crater. 

12. Tholeiitic basalt erupted Oct. &-6, 1963, near lower vent of largest 1963 lava flow. 
7.7 miles from northeast rim Makaopuhi Crater. 

13. Tholeiitic olivine basalt erupted 1840?, near north margin of largest 1963 lava 
flow. 6.0 miles from northeast rim Makaopuhi Crater. 

by those factors which· allow the most complcte cooling­
and separation of the early crystallizing plagioclase and 
pyroxene phases in the rift zone. Presumably such cool­
ing is not possible in the summit lavas because of the 
large volume of the reservoir underlying the caldera 
and the constant supply of fresh magma from depth. 
The greatest cooling could occur in thc rift zone if (1) 
travel distance is great, (2) waIl rocks are cold, (3) con­
duits are thin (large surface area), and (4) magma is 
temporarily stored for long periods of time. The dis­
tance from the summit to the erupting vents, as shown 
in figure 2, is a measure of factor 1; the length of time 
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since the last previous eruption will affect factors 2 and 
4. Generally rift zone lavas are most differentiated 
(lower CaO/(FeO+OJWe203) ratio) if they have 
moved a long distance down the rift zone or if it has 
been a long time since the last previous flank eruption 
(fig. 2). 
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