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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly
Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-
ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports.
The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to
the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-
eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation
data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are
published separately, due to differing schedules of data reduction.

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published.
Two of these (4™ quarter 1959, 1t quarter 1960) have now been published, using handwritten notes of Jerry Eaton
(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to
California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-
pared.

Chronology

The following Kilauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kilauea Iki crater (Kilauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes
Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages
Halemaumau (Kilauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during

uninterrupted inflation fol-
lowing the 1960 eruption

Halemaumau (Kilauea's summit) 3/22/1961 3/25/1961 Same as above.
Halemaumau (Kilauea’s summit) 7/10/1961 7/17/1961 Same as above.
Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kilauea eruptions. The HVO staff was kept busy
with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which
were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-
quence in 1961, the staff never caught up, and the seismic records were set aside for later study.

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of HVO's cataloged database. The annual
listings have been appended to the 1* Quarter Report of 1960 and to the 4™ Quarter Report for 1961. The number of
earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961,
is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

Thomas L. Wright and Jennifer S. Nakata
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Summary of activities

Kilauea erupted from about 3 miles of fissure in the
upper east rift starting a little before 10 a.m. on February
22, 1969. A swarm of short tremor bursts and small earth>
guakes started at 06:27. By nine o'clock the tremor was
constant, though earthquakes had diminished, and lava appeared
about 09:50. The first crack extended from the northeast rim
of Alae nearly to the base of Kane Nui o Hamo and produced
two flows that rapidly moved south across the Chain of Craters
road. Within the next two hours, the erupting fissure extended
eastward across the north flank of Kane Nui o Hamo, and west-
ward across the western mezzanine of Alae, across the Chain
of Craters road and to a point south of the west edge of Alae.
Fountain from Alae mezzanine are forming a new lava lake in
Alae that has filled the eastern pit by late afternoon of
February 23rd. A sluggish aa flow from the eastern fissure
is moving down the new highway, and rached more than a mile
and a half by Sunday afternoon. The eruption continued until
17:15, February 24, and subsequently, the last fountain
activity in Alae Crater subsided. In the afternoon of February
25, the fissure between Alae and Kane Nui o Hamo reopened, and
started a second phase of eruption. Fountains nearly 200 feet
high fed a flow, which once again, cascaded lava into Alae
Crater. Activity finally ended on the morning of February 28.

The summit tilt network was run periodically this quarter
to keep track of the inflation in the summit area. Two areas
at the summit continue to inflate following the October 1968
eruption; one area northeast -of Halemaumau that began inflating
as the October eruption ended and a new area Jjust west of
Outlet vault that begun inflating near the first part of this
quarter.

Leveling completed on February 4L, 1969, shows that the
summit uplifted about 0.2 foot since November. The area near
Makaopuhi seismometer also uplifted about 0.2 in the same time
interval. Near the earliest August 1968 eruption vents, how-
ever, a subsidence of about 0.12 foot occurred during the
same time interval.

It appears that, in the summit area, the inflation has not
yet recovered its level of July 1968 before the 2 Upper East
Rift eruptions. - The line lengths as measured by the Geodimeter
are still shorter than their July 1968 lengths and benchmark
altitudes are still apparently about 0.1 foot lower than their
July levels.
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Figure 1.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which

are indicated at the edges of the map.
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A third hole was drilled in Makaopuhi lava lake to the
'island' of crust to which our tramway cable is attached.
Core was obtained from a section of the island root and the
melt below. The crust-melt interface was displaced down-
wards to about 58 feet beneath the island. Most of the core
is dense, very fine grained basalt, presumably the normal
melt of the lake intruded into and quenched by the cooler
island root. More vesicular core represents recrystallized
and partially melted crust from the root. The sequence is
similar to that reported last year from Kilauea Iki lava
lake. Drilling extended 8 feet into the melt (66 feet) and
ended when the molten lava moved into the core barrel before
the drilling string could be completely lowered in order to
attempt to drill deeper. We recovered the five-foot sample
of glassy core, which proved to have lost most of its crys-
tals during flow, a phenomenon also observed to have occurred
in earlier samples collected by 'flow-in'.

The drilling rig was successfully removed from the crater
by helicopter on February 11, 1969. We plan tentatively to
re-drill Makaopuhi no later than the summer of 1971 and per-
haps earlier as the volcano permits.



Tilting of the Ground Around Kilauea Caldera

Tilting of the ground around the summit of Kilauea
is monitored daily by a short-base water-tube tiltmeter
in Uwekahunea Vault, and at irregular intervals it is
measured on a regional scale by means of a network of
field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is
reported in terms of north-south and east-west tilt coor-
dinates. Both coordinates at each station were arbitrarily
set equal to 500 when measurements at that station were
begun. Increasing tilt coordinates correspond to northward
and eastward tilting of the earth's surface; that is, to a
relative subsidence toward the north and east. A one-unit
change in coordinate corresponds to a tilting of 1 micro-
radian (1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter

station are listed in table 6, which is published only in
the first quarter issue each year.

Table 1.--Tilt coordinates at Uwekahuna, January,

February, and March, 1969

(ESZS) N-S E-W (ggzg) N-S E-W
Jan. 5 527 h12 Mar. 2 516 436
12 526 Li2 9 520 L29
19 529 ko9 16 524 L2s
26 529 405 23 526 hoo
Feb. 2 532 bo6 30 530 B1T7
9 533 408
16 534 408 i
23 527 hol :




Table 2.--Tilt coordinates and changes at basis around Kilauea calders.

(See fig. 2)

Rate (10-° rad/mo)

Tilt base Date Tilt Coordinates and direction of Date of last
(1969) N-S E-W tilting since reading
last reading (1968)
Uwekahuna (U on 6 Feb 580. 381.6 13.3 N38.2°W 3 Dec
fig. 2)
Tree Molds (TM) 6 Feb 472, 50k4.6 5.2 NL.5°W 3 Dec
Sand Spit (s8) 4 Feb 8T5. 698. 4 4.0 N18.0°W 27 Nov
Keamoku (Kea). 6 Feb 531. k31.1 9.6 N60.8°W 2 Dec
Ahua Kamokukolau 7 Feb L66. sho,1 11.9 S20.8°E 27 Nov
(Kam) .
Kipuka Nene (KN)
Hilina Pali (HP)
Kapapala Ranch
 (Kap) .
Mehena (M) 5 Feb 575.3 577.9 2.7 N11.1l°E 2 Dec



TILTING RATE 5)“0'6 RADIANS/MONTH

DEC 2,1968—~FEB 5, 1969

/ ’ 5 KM ’

Figure 2.--Tilting of the ground around Kilauea Caldera

' between December 2, 1968, and February 5, 1969. The
vector depicting tilting at a given tilt base points
in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting

during the measurement interval. Closed circles rep-
resent field tilt bases; open circles, short-base
water-tube tiltmeters. See table 2 for explanation

of abbreviations.
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Seismic summary

Events recorded by the U.S. Geological Survey seismo-
graph network in Hawaii fall into two categories: Local
earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 kn of at least one
seismograph), and distant earthquakes originating more
than 3,000 km from Hawaii. As an index of seismic activity
activity at Hawaiian volcanoes, daily counts of earthquakes
and minutes of tremor recorded by seismographs in Hawaii
are listed in table 3. The earthquakes are separated in
groups on the basis of region of origin as determined by
analysis of records obtained daily at the observatory
(U, M, Mx, A, D, N, WP, MP, Kx, O0). Earthquakes of
magnitude 2.0 or greater are generally sufficiently well
recorded to be located with greater precision; they are
listed individually in table k.

Location of and essential data on each seismograph
station are listed in table 5 in the first-quarter issue
each year.

Acknowledgments
Several people or agencies reported "felt" earth-

quakes during the first quarter, 1969. Their assistance
is gratefully acknowledged.



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of
relative amplitudes on seismographs in the summit region. Unless otherwise stated, tremor
is presumed to be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves
that originate about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea
Caldera region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent por-
tion of the Kaoiki fault system; earthquakes along the eastern half of Kilauea's east rift
zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift zone
and the adjacent fault systems of Kilauea's south flank; and earthquakes from other regions:

west Hawaii, Mauna Kea, etc.
Tremor Earthquakes
(E _ ﬁ;ﬁ?:?s Kilauea Summit
Date SW rift | Eastern | Upper | Koae |Other
(1969) Inter- Long and east east
Deep | mediate | Shallow 30KM| Period | Shallow Kaoiki rift rift
January 1 . 3 104 L3 2 27 3 1
2 1 97 9 18 1
3 92 8 28 L
L 63 5 29 L
5 . . 120 . 29 i
6 5m 1 290 6 . 22 2
7 . 139 16 1 L3 .
8 1 89 9 23 3
9 . 122 6 26 8
10 3 . 87 11 31 3
11 2 Ly 122 16 37 .
12 2 36 73 5 30 5 2
13 . 3 5 89 18 25 2 1
1k 6m 2 76 9 26 1 1
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera--Continued

Tremor Earthquakes
(m = minutes Kilauea Summit
h = hours)
Date SW rift | Eastern| Upper | Koae | Other
(1969) Inter- Long and east east :
Deep| mediate | Shallow 30KM | Period | Shallow Kaoiki rift rift

February 22 . . -- -- 2 -- 1
23 . 2khh . 9 29 9 -- . 3
2k | 60m 2Lh 5 . 19 5 -- 5 1
25 . 2L4n T 15 31 10 -- 3
26 | 6h 2kn 3 28 8 1 -- 3
27 | 2h 24n 6 . 30 5 1 --
28 2 L9s 38 12 3 -- 1

On Fe%. 22, lava erugted for p few dayls between |Alae Crafler and Kane
Nui |o Hamo onl the east [rift 4one. Thle Makaopuhi seismodraph ling was cuf by
the [lava flow] (-- = stdtion dut of orfder).

March 1 1 1 . Lo 13 2 -- 2 1
2 17 5 10 33 11 Lo .
3 . T 1 e 6 . 2k 1
L 6 T 50 6 2 17 i 1
5 3 11 T1 10 . - 2
6 3 L 57 11 1 60 1 1
T L 2 73 11 1 60 .
8 2 . 88 10 2 30 1
9 . 3 2 72 8 L5 2 1
10 26 L 2 73 1L . 60 .
11 1 L4 83 11 1 35 1 1
12 5 2 86 12 . 30 .
13 3 92 10 1 26 3 1
1k . 2 . 111 9 . Lo 2
15 3 6 2 110 12 1 78 6 1
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Table L.--Local earthquakes reCorded by seismographs of the U.S. Geological Survey

January, February, March 1969
Entries for a given quake are: Date, origin time (Hawaiian Standard Time), magnitude, depth,
epicenter, and felt report. All earthquakes of magnitude 2.5 and larger, as well as many
favorably located smaller ones, occurring on or near the island of Hawaii are included in the
list.
Date Time Magni< Depth Epicenter ' o Felt
tude (km) Report
h m s Lat. N. Long. W. Description
January 1 02-47-27.8| k.2 13 20°06" 157°52" 150 km SE of Kipapa, Oahu
|_l
0 3 01-53-57.9 | 2.4 9 19°24.1' 155°28.3"' |13 km NW of Desert
seismometer
5 17-25-00.2 | 3.6 10 19°19.8'" 155°13.2' |7 km SW of Makaopuhi Kilauea Summit
seismometer Area
5 18-31-26.7| 3.0 10 19°18.8' 155°13.3"' |8 km SW of Makaopuhi Kilauea Summit
seismometer Area
T 07-59-05.41 2.0 10 19°19.8' 155°13.0' |7 km SW of Makaopuhi
) seismometer
8 14-00-41.0] 2.8 8 19°2L.2' 155°26.3"' |9 km NW of Desert seis-
mometer
9 17-25-12.3| 2.5 25 19°24.0' 155°18.8"'" |2 km SW of Kilauea Caldera
10 22-38-52.2 | 2.0 9 19°22.0" 155°02.5"' |7 km NW of Kalapana
12 07-22-17.5| 2.3 13 19°39.5' 155°26.4" |14 km SE of Pohakuloa
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Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January, February, March 1969
Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
January 12 11-06-L7. 2.3 0 19°27.2'f155°Lk8.2' |14 km SE of Kealakekua

13 18-30-08. 2.0 3 19°19.8']1155°47.8"' |12 km SE of Hookena

1L 17-21-24. 2.3 8 19°26.0'|155°28.1' |11 km SW of Mauna Loa
seismometer

14 17-35-22. 2.1 8 |19°51.9'1155°31.9' |8 km NW of Mauna Kea
summit

1k 21-37-06. 3.8 8 19°4T7.7'1155°30.9' |6 km SW of Mauna Kea Kamuela,
summit Pepeekeo,

Kealakekua,
Hilo

16 00-02-0T. 2.3 9 19°21.3'(155°03.8"' |9 km NW of Kalapana

16 0T7-48-L1. 2.0 9 19°24k.0'] 155°25.3"' |8 km NW of Desert
seismometer

16 10-50-15. 2.5 ko 19°13.2']155°21.0"' |14 kxm NE of Pahala

17 12-41-59. 2.3 9 19°20.2' 155°11.9" 5 km SW of Makaopuhi
seismometer

20 05-55-26. 3.2 8 19°22.3' 155°29.9' |12 km NW of Desert Pahala
seismometer




1T

Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January,

February, March

1969

Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
January 21 23-22-41.6 2.5 10 19°19.7'{155°12.7' |6 km SW of Makaopuhi
seismometer
21 23-29-51. 2.1 10 19°18.0'[155°12.8"'" |5 km NW of Apua Point
22 05-15-32. 2.6 0 19°32.7'[155°48.2' [13 km NE of Kealakekua
23 05-30-1h. 2.2 9 19°20.8'[155°08.1"' |4 km SE of Makaopuhi
seismometer
23 18-20-48. 2.7 8 19°2L4.8'{155°26.0' |10 km NW of Desert Pahala
seismometer
23 21-04-39. 2.7 55 19°26.5']154°59.2" |7 km SW of Pahoa
24 01-L48-36. 2.4 8 19°26.1'[154°53.2" |5 km SW of Pohoiki
2l 14-06-20. 2.6 3 19°22.3'[155°L47.0"'" |13 km ESE of Hookena
2L 16-58-27. 2.9 30 19°23.3'/155°18.6"' |3 km SW of Kilauea Caldersa Kilauea Summit
Area, Pahala
25 09-07-36. 2.0 9 19°19.5'(155°08.6' |5 km SE of Makaopuhi
seismometer
25 19-18-02. 2.0 9 19°20.8'1155°08.0' |5 km SE of Makaopuhi

seismometer
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Table U.--Local earthguakes recorded by seismographs of the U.S. Geological Survey

January,

February,

March

1969

Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
January 25 23-16-53. 2.0 9 119°19.9' | 155°11.3"' |4 km SW of Makaopuhi
seismometer
26 08-41-20. 2.2 9 ]19°19.3" 155°13.2" T km SW of Makaopuhi
. seismometer
26 12-58-32. 2.6 29 |19°22.1" 155°17.3" 3 km SW of Ahua seismo-
meter
27 06-03-30. 2.8 8 119°52.1' | 155°3L.2' |9 km NE of Waikii
28 07-34-37. 3.2 8 [19°2L4.0' ] 155°24.9' |8 km NW of Desert Pahala, Hilo
seismometer
28 10-4L4-19. 2.0 13 J20°52" 155°05" 95 km NE of Honokaa
28 11-22-26. 2.5 9 |19°21.0" 155°07.7" 5 km SE of Makaopuhi
seismometer
29 05-3L-36. 2.5 8 [19°24.5' | 155°53.2' (3 km NE of Hookena
30 02-26-43. 2.0 "11 |19°20.4' ] 155°08.7' |4 km SE of Makaopuhi
seismometer
30 06-07-01. 2.2 10 |19°22.2'| 155°04.0' |11 km E of Makaopuhi
seismometer
31 02-05-48. 30 ]19°L45.8' | 15L4°59.0" 12 km NE of Hilo




Table L.--Local earthquakes recorded by seismographs of the U.S. Geological Survey
| January, February, March 1969
|
Date Time Magni-| Depth Epicenter Felt
: tude (km) Report
' h m s Lat. N. Long. W. Description
February 2 15-05-58.L4 2.0 10 [19°17.2' | 155°12.7' {4 km NW of Apua Point
3 01-15-47.3 2.9 13 [19°37" 156°28" 60 km W of Kealakekua
3 14-42-10.2 2.0 0 [19°28.3' | 155°49.0"' |12 kxm SE of Kealakekua
L 07-51-51.3 2.k 8 [p9°2k.2' | 155°26.0' |8 km NW of Desert Pahala
seismometer
o
L 21-15-23.1 2.5 13 [p8°3s5! 156°01" 50 km SW of Kalae Point
5 1h-1Lk-L6. L 2.1 9 [9°20.3' | 155°08.3' |4 km SE of Makaopuhi
seismometer
5 20-01-50.6 2.4 9 [9°20.6' [ 155°1L.7' |4 km SE of Ahua seismomete}
6 21-58-52.8 2.0 9 [|19°20.6' | 155°11.5' |4 km SW of Makaopuhi
seismometer
6 23-33-51.1 3.5 45 [p9°12.3' | 155°21.2' |13 km E of Pahala Pahala,
Kealakekua
T 05-59-36.6 3.5 30 [19°21.3' | 155°23.1' |2 km NE of Desert L Pahala, Mt.
seismometer View,
Kealakekua,
Kilauea
Summit Area
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Table L4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January, February, March 1969
Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
February 8 |04-12-20. 2.0 25 p9°2L4.0' 1 155°15.2' |2 km SE of Kilauea -Calderg
8 J06-28-L45, 2.0 10 p9°20.7' [155°06.3"' |7 km SE of Makaopuhi
seismometer
8 |22-56-L43, 3.3 10 [9°20.3' |155°09.0' |3 km SE of Makaopuhi Hilo
seismometer
9 [16-24-L42, L.1 10 [9°20.2' |155°08.1' |5 km SE of Makaopuhi Hilo, Mt.
seismometer View,
Kilauea Summit
Area,
Kealakikua,
Honokaa,
Pohakuloa,
Kamuela
10 |10-55-08. 2.5 31 po°10’ 156°22" 55 km WSW of Upolu Point
10 |21-29-59. 2.1 10 [p9°20.0' [ 155°09.2' |3 km SE of Makaopuhi
seismometer
11 Jok-k49-3L, 3.2 8 [9°25.5' [ 156°02.5' |17 km SW of Kealakekua
11 J13-09-12. 2.0 0 [9°51.9' | 155°26.9' |5 km NE of Mauna Kea
Summit




Table Ub.--Local earthquakes recorded by seismographs of the U.S. Geological Survey
January, February, March 1969
Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
February 11 [13-42-02. 2.0 0 [J19°52.3' | 155°25.5"'" |7 km NE of Mauna Kea
Summit
12 |01-3Lk-18. 2.1 3 [19°53.3' | 155°24.1"' |11 km NE of Mauna Kea
Summit
13 03105-01. 2.1 20 [|19°26.2' | 155°15.4"' |1 km NE of Kilauea Calderqg
s 14 |07-22-Lk. 2.3 10 [19°19.8' | 155°12.0' |5 km SW of Makaopuhi
seismometer
14 |16-03-52. 2.0 8 [19°kg 156°09" 13 km NW of Keahole Point
14 (18-26-39. 2.2 3 |19°34k.0' | 155°56.9' |6 km NW of Kealakekua
14 }20-48-31. 2.4 10 |19°20.3' | 155°07.7'" |5 km SE of Makaopuhi Hilo
seismometer
17 |00-42-00. 3.3 10 [19°18.7' | 155°13.1' |7 km NW of Apua Point Kilauea Summit
Area, Hilo,
Pohakuloa,
Pahala
17 |00-59-19. 2.2 10 [19°18.5'} 155°13.5"' |7 km NW of Apua Point
20 |02-16-07. 2.k 10 {19°19.2' | 155°13.2' |7 km SW of Makaopuhi

seismometer




Table L.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

6T

January, February, March 1969
Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
February 22 |[12-2L4-23, 3.5 13 [9°30" 156°20" Lt km W of Kealakekua
22 |1Lk-37-12. 2.0 5 [l9°22.1" 155°12.3" 4 kxm W of Makaopuhi
seismometer
22 [14-5L-10. 2.0 7 [9°21.9' |155°13.0' |5 km E of Ahua seismometer
22 |16-27-19. 2.4 30 [9°27.2' |155°12.3' |10 km NE of Uwekahuna
seismometer
23 |14-55-05. 3.2 8 [9°31.5' {155°37.4' |6 km NW of Mokuaweoweo
Caldera
23 J1Lk-56-26. 2.5 8 [L9°32.2' |155°36.8' |7 km NW of Mokuaweoweo
Caldera
23 |15-48-23. 2.4 7 [L9°31.2' | 155°36.6' |4 km NW of Mokuaweoweo
Caldera
24 [18-35-11. 2.5 8 [pL9°10.3" 155°38.5" 14 km NW of Naalehu
26 |00-28-08. 2.0 10 [9°19.T7" 155°02.0" T km SW of Kalapana
26 |12-12-kL9, 2.6 25 [9°22.1' | 155°18.7"' |4 km SW of Kilauea Calderal Pahala
26 |12-52-23. 2.0 8 }9015.2' 155°25.8" 8 km NE of Pahala
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Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January, February, March

1969

Date Time Magni-| Depth Epicenter Felt
- tude (km) Report
h m s Lat. N. Long. W. Description '
February 28 |07-33-35.0 3.7 32 (19°18.8' | 155°2L4. 7" |4 km SW of Desert Pahala, Mt.
: seismometer View, Hilo,
Kealakekua
28 {17-40o-41.9 3.7 8 ]19°25.5'" | 155°26.2' {10 km SW of Mauna Loa Pahala
seismometer
28 [19-03-0T7.0 2.0 0 (19°31.2' | 155°43.0' |21 km E of Kealakekua
March 1 |07-09-18.5 2.5 8 |20°00" 155°21" 5 km SE of Paauilo
1 |08-45-36.4 2.2 8 [19°23.7' ] 155°25.9' | T km NW of Desert
: seismometer
2 |12-56-55.9 3.0 8 J19°24.2' ]| 155°25.8' |9 km NW of Desert
. seismometer
4 110-27-19.9 2.1 8 |19°22.8' ] 155°25.0' |5 km NW of Desert
seismometer
4 118-16-10.3 3.6 '35 [18°59.5'}| 155°29.3' |13 km SE of Naalehu Pahala
L 118-30-14.3 2.3 30 |19°20.2'| 155°19.4" |7 km E of Desert Pahalsa
seismometer
6 {01-50-k2.7 2.2 30 [19°21.9'| 155°20.3' |8 km SW of Uwekahuna

seismometer




Table b.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

Te

January, February, March 1969
Date Time Magni-| Depth Epicenter Felt
tude | (km) Report
h m s Lat. N. Long. W. Description
March 6 |ok-54-26. 2.k 13 po°Lh: 155°06" 14 km ESE of Haleakala,
' Maui
8 |05-25-51, 2.5 9 [19°19.8' |1 155°07.2' |6 km SE of Makaopuhi
: seismometer
9 [03-08-06. 2.k 9 [19°18.9' |155°06.8' |8 km SE of Makaopuhi
seismometer
9 |16-08-38. 2.2 8 [m9°32.7' {155°39.3' |10 km NW of Mokuaweoweo
Caldera
10 {20-15-05. 2.2 30 [9°22.9' | 155°16.8' {2 km S of Kilauea Caldera
11 |00-36-55. 2.1 9 [p9°17.0' | 155°11.6'" |3 km N of Apua Point
11 |03-35-0T. 3.5 27 [9°23.5'" | 155°16.9' |1 km S of Kilauea Caldera | Pahala,
Kilauea Summit
Area, Naalehu,
Pohakuloa
11 |oL-48-LT7. 2.2 9 [19°18.2' | 155°12.0' |5 km N of Apua Point
11 |10-10-13. 3.7 8 [19°13.2' | 155°27.9"' |3 km NE of Pahala Kealakekua,
Pahala,
Kilauea Summit
Area
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Table b.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January, February, March 1969
Date Time Magni-| Depth Epicenter Felt
tude (km) Report
h m s Lat. N. Long. W. Description
March 11 |17-5L4-51. 2.1 35 19°26.0' | 155°31.2' |8 km SE of Mokuaweoweo
Caldera
13 |00-21-32. 2.8 13 {19°19" 156°22" 50 km W of Hookena
13 |o7=-LT7-LO. 2.0 13 j19°25.5' | 155°17.8' |Near Uwekahuna
15‘ 02-49-35. 2.3 0 [19°52.T7" 155°L42.8" T km NW of Waikii
16 |07-33-2T7. 2.5 10 |19°L41? 156°10" 13 km SW of Keahole Point
16 }13-23-18. 2.2 13 [19°26.2' | 155°35.5" 2 km S of Mokuaweoweo
Caldera
17 |03-51-00. 2.7 8 |19°L5.6' | 155°26." 8 km SE of Mauna Kea
Summit
18 {06-k4o-0L. 2.3 8 19°ll.9' 155°36.7' |15 km NW of Naalehu
19 |0oL-L40-38. 2.8 8 (19°24.2' | 155°25.8' |8 km NW of Desert Kilauea Summit
seismometer Area, Pahala
20 |15-41-35. 2.0 15 [19°29.8'" | 155°16.2' |9 km NE of Uwekahuna
seismometer
22 |16-51-24. 2.0 10 19°17.7' | 155°0L.L' |13 km SE of Makaopuhi
seismometer
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Table L.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January,

February,

March 1969

Date Time Magni-| Depth Epicenter Felt
tude (km) : Report
h m s Lat. N. Long. W. Description
March 23 |0T7-03-11. 2.4 10 h9°19.3' 155°06.8' |8 km SE of Makaopuhi
seismometer
23 [19-25-36. 2.7 35 [19°18.7' | 154°L8.9"' |18 km SE of Kalapana
2L 108-45-29,. 2.4 0 [9°29.0' | 155°L8.0"' |13 km SE of Kealakekua
24 |20-51-1k. 2.8 3 [9°39’ 156°22" 33 km SW of Keahole Point
25 |18-36-0T. 2.4 13 [19°2L.8' | 155°17.5"' |West Kilauea Caldera
27 |23-53-56. 2.6 28 119°19.0"' | 155°21.2' |4 km SE of Desert
seismometer
28 |0T7-03-12. 2.8 13 [19°5Lk.6' | 155°20.5' |1 km SW of Keanakolu
29 |06-1L-18. 2.2 10 J19°20.2' | 155°01.7' |5 km SW of Kalapana
29 109-5k-53. 2.6 13 [20°01.L4' | 155°21.9' |2 km S of Paauilo
29 |21-24-21. 2.3 10 [|19°19.2' | 155°12.0' |7 km SW of Makaopuhi
seismometer
30 |(03-L46-20. 3.0 3 |20°0L.1' | 155°22.2' |4 km N of Paauilo




Table 5;-—U.S. Geological Survey seismograph stations in Hawaii

[On island of Hawaii unless otherwise stated]

Altitude
Station Symbol Location (m) Equipment
above sea | (Z, vertical; N, north-south; E, east-west)
Lat N. Long W. level ’
Uwekahuna U 19°25.L4" | 155°17.6' | 1,2Lo Long-range Press-Ewing: N, E, Z.
(Hawaiian (Seismometer and galvanometer periods are
Volcano 15 ‘and 90 seconds, respectively.) ’
Observatory) ‘
Short-period Sprengnether: E, Z.
HVO-1: zl1/
: Short-base liquid-level tiltmeter
Mauna Loa M 19°29.8' | 155°23.3" 2,010 Remote recording HVO-2: 22/
Ahus A '19°22.L4' | 155°15.9" 1,070 Do. -
Mauna Loa (2) M(2) | 19°27.6' | 155°20.7" 1,475 Remote recording 1.0 sec. EV-1T7 Z.
Desert D 19°20.2" 155°23.3" 815 Do.
ggNorth Pit N 19°24.9" | 155°17.0" 1,115 Do.
West Pit WP 19°2Lk.7" [ 155°17.5" 1,115 Do.
Makaopuhi MP 19°21.8' | 155°10.7" 885 Do.
Kealakomo K 19°18.5" [ 155°09.6" 201 Do. (installed Sept. 28, 1966)
Outlet 0 19°23.L4' | 155°16.8" 1,084 Do.
Kipuka Nene KN 19°20.1"' | 155°17.4! 924 Do. (installed Sept. 21, 1967)
Cone Peak CP 19°23.7' | 155°19.7" 1,038 Do. (installed Nov. 8, 1967)
Hilo Hi 19°L43.2' [ 155°05.3" 20 HVO-1: Z
Wood-Anderson: N, E. Operated by Joseph
De Mello at St. Joseph's School.
Kipapa, Oahu Kip 21°25.4" | 158°00.9" 76 HVO-1: Z. Operated by U.S. Coast and
_ Geodetic Survey.
Pahoa Pa 19°29.7" | 15L4°56.8" 205 HVO-1: Z. Operated by Kongo Kimura a

Pahoa School. :



Haleakala, Maui

Naalehu

Kamuela
North Bay

Kealakekua

HA

Na

NB

Ke

20°L46.

19°03.

20°01.
19°29.

19°31.

O'

8'

9'
’Tl

2'

156°15.

155°35

155°L2,
155°3k,

155°55.

L] ’

o' 2,090 HVO-1: Z.
Wood-Anderson: N, E. Operated by the staff
of Haleakala National Park, Maui.

2! 205 1.0 sec. EV-1T7 seismometer, 0.5 sec.
galvanometer: Z. Operated by Mrs. E.
Elarionoff at Naalehu School.

0" 7ho 1.0 sec. EV-17, 0.286 sec. galvanometer.
Operated by Mrs. P. Hall at H.P.A., Kamuela.

8! 4,005 1.0 sec. EV-1T7: 2. with helicorder.
Operated by U.S. Weather Bureau.

3! 505 1.0 sec. EV-17, 0.286 sec. galvanometer:
Z, EW, and NS. Operated by Henry Helson at
Kona County Hospital.

l/HVO—l is a moving-coil, hinged, vertical-component seismograph with seismometer and
Overdamping of both seismometer and galvanometer is

galvanometer periods of 0.5 second.

Ge

used to control the strong galvanometer reaction.
of about 20,000 at a period of 0.25 second.

Recording is optical,

This seismograph has a peak magnification
on photographic paper.

E/HVO—2 is a moving-coil, vertical-component seismograph with a seismometer period of

0.8 second.

vatory, where it is recorded on smoked-paper recorders.

Its signal is transmitted over telephone wires to the Hawaiian Volcano Obser-



Table 6.--U.S.

Geological Survey tiltmeter

stations in Hawaii

Location Frequency |Base
Station Symbol " of length| Description
Lat. N. |[Long. W. | reading
Tree Molds ™ 19°26.3'1155°17.3" Quarterly|50.79 | NS. and EW.
Sand Spit SS 19°2k4.1'[155°16.8' ---do--- |25.40 | Equilateral
triangle.

Keamoku Kea [19°25.1'[155°19.0' -=--do--- h7.55 Do.
Ahua

Kamokukolay Kam |19°22.7'}155°16.6' ---do--- [50.79 Do.
Kipuka Nene KN 19°19.4'1155°16.7" ---do--- |50.79 Do.
Hilina Pali HP 19°18.2'[155°18.6" ---do--- |LT7.73 Do.
Kapapala

Ranch Kap [19°20.5'}155°23.8"' -=-do--- |50.79 Do.
Mehana M 19°26.2'|155°14.3" —=-do--- |[25.00 Do.
Uwekahuna U 19°25.5'[155°17.4"Y ——-do-~~ 50.79 Do.
Uwekahuna

Vault 19°25.L'1155°17.6" Daily 3.48 | NS. and EW.
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*
Summary of activities—

May-June Kilauea east rift eruptions

After approximately 3 months of quiescence the east
rift of Kilauea begin erupting at about 0L:L45 on May 2k.
Initial fountaining apparently began from a fissure that
crossed the northern part of Aloi Crater and extended as
far east as due north of the west edge of Alae. The
fissure quickly spread westward, crossing the Chain of
Craters road at the north edge of the Aloi steam flat.
Several earthquakes were felt by local residents at
about this time. The fissure continued to spread west-
ward--much as the February 22 fissure did--and crossed
the Ainahou Ranch road about U450 meters south of the
Chain of Craters road. Fountains from this fissure were
plainly visible from the Observatory. The fissure fi-
nally reached as far west as about 150 meters west of the
Ainahou road--the farthest an eruptive fissure has pene-
trated into the Koae fault zone during historic time.
The western part of the fissure follow faithfully the
pre-existing Koae fault trend, curving in just the right

places. In fact, the fissure seems to follow precisely
an older Koae crack--the largest crack north of the
Kalanaokuaiki Pali. Vertical 9 x 9 inch color aerial

photographs show that fountaining was concentrated in

two areas--one from west of the Ainahou road to the Chain
of Craters road, the other about halfway between Aloi and
Alae Craters. (This last area has been the site of all
subsequent activity.) The photos show that Aloi Crater
had been filled by 25 meters of lava, nearly all of which
had already drained back down the eruptive fissure that
cut the floor. The photos further show that the floor

of Alae Crater was already covered with new lava and that
more was cascading in. The line of February spatter cones
just west of Alae that had been such a tourist attraction
was in the process of being buried by a flow moving down-
slope from the fissure, and by the next day only the tips
of the higher cones remained. Even these were covered

3 days later, and now all that remains of them is an
abrupt change in slope in the new lava that covers them.

Lava from the western fissure line flowed southward
before being dammed by the Kalanaokuaiki Pali, thereby
saving the Ainahou Ranch from inundation. ©Nearly all of

*/

—'Taken from Hawaiian Volcano Observatory, USGS monthly
reports. '
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Figure 1.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which

are indicated at the edges of the map.
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the area bounded by the Ainahou road, the Pali, a line
south of Aloi, and the fissure was covered by new lava.

Most activity stopped by 22:00, May 24, but an
observation flight at 10:30, May 25, showed weak foun-
taining from the major vent area between Aloi and Alae.
This activity ended sometime later in the day. An esti-
mated 4.5 x 10°® cubic meters of lava was erupted.

Tremor continued to be recorded by the portable
seismometer on May 26 and May 27, and we were quite sure
that the eruption had not ended. ©Sure enough, at 19:00,
May 27, phase 2 fountaining resumed at the vent area
between Aloi and Alae. Summit tilt delayed change until
22:45, when slow deflation began. Flows spread eastward
into Alae and southward across the lava flows of phase 1
and February 22. By 17:00, May 28, the flow moving south-
ward was about 1.5 km south of Alae, and summit tilt was
still recording deflation. Tremor and tilt drop stopped
within the space of 3 minutes at 09:20, May 29, and phase
2 had ended. About 3.5 x 106 cubic meters of lava erupted
in phase 2. Strain and tilt changes for both phases 1
and 2 were small. '

During phase 2, two vent areas were established in
the main fountaining area between Aloi and Alae. These
are hereafter called the eastern and western vent areas.

A high spatter rampart separated the two, and spatter
ramparts encircled the entire area. Both vent areas would
fountain during each phase, but fountains from the eastern,
and deeper, vent area were consistently higher. During
interphase periods, sloshing and bubbling sounds could be
heard from the eastern vent area, and we correlated these
sounds with the continuous tremor that was being recorded
by temporary seismometers placed at Aloi and near the
Hilina Pali-Chain of Craters road Jjunction. Never was
lava visible in the fissure, however, and we were continu-
ally guessing as to what the sounds and tremor meant--de-
gassing of stagnant lava, or evidence of active magma
waiting to erupt. Needless to say, each phase gave us
confidence in the latter interpretation, and it is now
clear that the eruption should actually be considered as
being continuous since May 2k.

Phase 3 began at 13:30 on June 12 with no premonitory
tremor or earthquakes. Our survey party happened on the
scene minutes after the eruption had begun. Fountaining
then was only 3-4 meters high but grew into 100-meter
high showers within 2 hours. The crew watched lava



advance down the May 27 channel leading southward from the
fountains, and soon the vigorous flow filled and overflowed
the channel. This flow eventually cascaded brilliantly
over the Poliokeawe fault scarp, on down over the even
steeper Holei fault scarp, and spread slowly seaward as an
aa flow toward Apua Point. It stopped before noon on June
13, leaving its distal margin about a kilometer from the
beach at Apua. A small amount of lava again poured into
Alae Crater. The volume of erupted lava for this phase

was about 4.0 x 10® cubic meters.

Phase U, which began from the same vent area at 21:k45,
June 25, finally did it. Lava fed by the 220 meter high
fountains poured across the June 12-13 lava, cascaded over
Poliokeawe and Holei Palis, and reached the sea about a
kilometer east of Apua Point at 08:35, June 26, an hour
and a half after fountaining had ceased in the vent ares.
The aa "flow" that reached the ocean is more aptly des-

cribed as a "trickle." Much pumice was produced by these
fountains, and the parking lot and roadway at Aloi were
buried beneath 50 cm of the stuff. More lava poured into

Alae, raising the floor to about 30-35 meters of the rim.
About 4.5 cubic meters of lava was erupted during the
fourth phase.

The days preceding the outbreak of the eruption on
May 24 showed high counts of earthquakes from the upper
east rift and shallow caldera area. Bursts of 20 to L0
quakes per 2-hour periods were commonly recorded on
Makaopuhi and North Pit seismographs. Caldera quakes
.dropped off early on May 23, but rift quakes continued
high and reached a peak of nearly 200 at the time of the
onset of tremor, about OL:45, May 24. Strong tremor and
large numbers of rift quakes coincided with the fountain-
ing of phases 1 and 2. Since early June, except for a few
moderate-sized swarms of earthquakes, the eruption assumed
a monotonous seismic pattern of high harmonic tremor
during phases and relative guiescence during inter-phases.
Stations at moderate distances from the eruption site showed
no tremor a few hours after a phase, but intermittent re-
cordings taken on a portable seismometer near Aloi indica-
ted that local tremor fluctuates continually between
phases. '

The tie-in of the summit magma chamber (s) to the
active rift zone was again noted. The eruption area was
"the main source of tremor, but immediately after major
fountain activity, a secondary tremor source near the
summit became quite obvious on the West Pit seismograms.



Tremor readings taken with the portable seismograph
immediately after a phase also suggested relatively high
tremor amplitudes at the summit and a possible link south-
east to the site of eruption. A large number of tremor-
like bursts beneath the caldera (referred to long-period
caldera quakes), usually recorded Just after an eruptive
phase seem to indicate further activity of magma. These
post-phase seismic activities generally fit times of
rapid summit re-inflation, as recorded by the ideal
Aerosmith E-W tiltmeter at Uwekahuna.

The May 24 eruption did not come unexpected. Strain
and tilt data indicated that another eruptive event was
in the final stage of gestation. Cumulative caldera

strains were higher than before the February eruption, and
the E-W Uwekahuna tilt had recovered about 90 percent
of the 40 microradians lost in February.

On May 23 the flank eruption was preceded by a 5 mi-
croradian collapse in the Uwekahuna recording tiltmeter.
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