MONTHLY BULLETIN

OF THE

Hawaiian Volcano Observatory
(U. s. GEOLOGICAL SURVEY)

Published by
the Hawaiian Voleano Research Association

NOE., XV HONOLULU, HAWAII, JANUARY, 1927 ok

CONTENTS
THE VISCOSITY OF LAVA, By Hareld S. Palmer

VOLCANIC CONDITIONS TN JANUARY
Activity of Halemaumau

JOURNAL, JANUARY, 1927
Illustrations

SEISMOMETRIC RECORD
Local Earthquakes and Tremors
Teleseism
Harmonic Tremor
Mieroseismic Motion
Tilting of the Ground

MAP AND STATION DATA

A STUDY OF THE VISCOSITY OF LAVA .
By
Harold S. Palmer

Very little is known as to the viscosity of live lava. The typical statement
in geologie textbooks is that lavas low in silica may flow like water, but that
lavas high in silica are more viscous. TLaboratory experiments do not scem
likely to yield information on this point because of the diffieulty in reproduc-
ing uatural layas which are more or less charged with gases which affeet the
viscosity., It seems that a rough estimate of the viscosity, though inexact, is
hetter than no estimate at all, and in the present paper the attempt is made
to compare the known velocity of a certain lava stream with the velocity of a
comparable water stream, thus enabling one to compare the viscosities of the
two fluids. The velocity of the lava stream was observed in the field. The
velocity of the water stream is computed in the office.

Becker® computed that the 1840 flow from Kilauea, which reached the sea
at Nanawale flowed at a rate of 22 feet per minute (0.37 feet per second)

* Becker, George F., Some queries on rock differentiation: Am. Jour. Sei,
4th Ser., Vol. 3, No. 13, p. 29, January, 1897. !



down a grade of 2 per cent, as it had its source at 1244 feet elevation and
advanced 11 miles in two days. 1le says ¢“ Water in a stream of sueh a cross-
section on such a grade would flow at about 6 miles per hour (8.8 feet per
second) or about 24 times as fast. Since lava is about 2.5 times as dense as
water, these data roughly indicate for the kinetic viscosity 2.5 times 24 or
60 times the viscosity of water.”? Becker’s data are taken from the report by
Rev, Titus Coan published by Brighamt. It appears that Becker used the aver-
age rate at which the front of the flow advanced which would be slower than
the movement of the lava once a channel had been established. The front of
a flow advances slowly as a whole, because it does so by making various
tongue-like extensions which become blocked so that the lava is turned back
and diverted to make new extensions. Furthermore, the advancing flow would
have to fill depressions in the terrane before it could go on, and this ponding
would delay the advance. Therefore Becker’s estimate of the veloeity is
probably too low, and in consequence his estimate of the viscosity is too high.
His estimate is also probably too high, as he used a specific gravity greater than
that of live lava.

In 1919 Dr. T. A. Jaggart observed the pahoehoe stream in the main ehannel
or gutter of the Alika Flow to be moving at the rate of 11 miles per hour,
or about 16 feet per second. He helieves that the channel was from 20
to 40 feet wide and from 15 to 30 feet deep. Recent topographic mapping
shows the gradient of the channel to be about 500 feet in % mile, or about
12.6 per cent. The rate observed by Dr. Jaggar is compared in the present
paper with the rate at which water would flow in a channel of like cross section
and gradient.

The velocity of water was computed by use of the Chezy and Kutter formn-
las, familiar to hydraulic engineers. The Chezy formula is

Y =e¢ Vrs,
Where V is the mean velocity in feet per second, ¢ is a coefficient depending on
the dimensions and roughness of the channel, r is the hydraulic radios, and s
is the slope or tangent of the angle of inclination. The coeflicient. e, is usmally
computed by American engineers from the Kutter formula,
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in which s and r are the same as in the Chezy formaula, » is a
pressing the roughness of the channel surfaces, and the wvarions nu
coefficients are those derived empirically from experiments with chazne
many types. The gradients involved in the present diseussion exeesed gr
the gradients used in the basal experiments. Therefore the experimental data
are strongly extrapolated, and the computed veloeities must be taken as giving
little more than the order of magnitude of the veloeity of the hypothetiezl water
stream.

t Brigham, William T., Notes on the voleanoes of the Hawaiian Tslands:
Mem. Boston So¢. Nat. Hist., Vol. I, part iii, pp. 70-74, 1868. Reprinted in Brig-
ham, The voleanoes of Kilauea and Mauna Loa, Mem. B. P. Bishop Museum,
Vol. I, No. 4, pp. 50-54, 1909. Also abstracted in Dana, James Dwight, Char-
acteristics of Voleanoes, pp. 61-65, 1890,

t Oral communication,




The hydraulic radius is defined as the ratio of the area of the cross-section
to the length of its wetted perimeter. As seen by the cross-sections in the
right hand part of Figure 1, channels of quite different cross-sections may
have the same hydraulic radius. Thus four near the bottom of the diagram
have each an hydraulic radius of four feet. If of like roughmess and slope
they would carry water with the same mean veloeity. It may be noted that
in very wide streams the hydraulic radius becomes almost equal to the mean
depth.

PThe five curves in Figure 1 show the velocities of streams of water occupy-
ing channels with (1), a gradient of 12.6; (2), hydraulic radii of 4, 6, N
10, and 12 feet, respectively; and (3), varying degrees of roughness. The
dotted line surrounds the region of the graph that includes the probable
hydraulie radii and degrees of roughness of the main gutter of the Alika flow.
The median velocity in this ‘“probable area’’ is ahout 155 feet per second,
the range being from 115 to 200 feet per second.

The probability is that Dr. Jaggar observed the velocity of a surface thread
near the middle of the channel. Such a thread would have a veloeity 5 to 15
per cent greater than the mean veloeity of the stream. Therefore the preced-
ing velocities are increased by 10 per eent, making the median 170 feet per
second (range 125 to 220 feet per seeond). These are the velocities which
should be ecompared with the 16 feet per second observed by Dr. Jaggar.

It appears that the lava was flowing about one-eleventh (16/170) as fast
as water would have flowed if it had filled the same channel, altho the ratio
may have been as great as one-eighth (16/125) or as small as one-fourteenth
(16/220).

The rate of flow of the lava is assumed to have been steady, in which ecase
the driving foree would have been just enough to overcome the viscosity or
internal resistance of the lava, but with no excess of driving force to accelerate
the lava. Since the gas-charged fluid lava has a specific gravity of the order
of 1.4% the force driving the lava stream would be about 1.4 times as great
as the driving force of a ecomparable water stream with unit specifie gravity.
If streams of two fluids were alike in all respects except specific gravity, then
the driving foreces would be in the same ratio as the specific gravitics. And if
the velocities were the same, the viseosities would be proportional to the specifie
gravities, that is, to the driving forces. A

Sinee the velocity of a stream is inversely proportional to the viseosity,
we may write the equation, '

specific gravity
Viscosity = a constant times ———

velocity

Substituting 1.4 as a reasonable value for the specific gravity of the Alika
lava, 1/11 (or 1/8 or 1/14) for the relative velocity, we find that the viscosity
of the lava on this oceasion was very likely 15 times the viscosity of water
and lay between 11 and 20 times.

There are four sources of error in the computations of the veloeity of the
hypothetical stream of water. Two refer to the assumptions as to (1) the
dimensions of the channel cross-section, and (2) the roughness of the channel
walls. A considerable range is allowed for these variables in the graph whigh
is based on computations for 45 combinations of roughness and hydraulic radius.
Another source of error lies in the assumption (3) as to the gradient. A num-
ber of additional eases were computed assuming gradients one-tenth steeper or
less steep than that assumed previously. It was found that such a change
in gradient would produce only 4 to 7 per cent change in veloeity. Further-
more, it is believed that the gradient assumed is very nearly correct. The
fourth source of error comes from (4) extrapolation of the Kutter formula
beyond the range of the experimental data on which it is based. Two addi-

* Jaggar, T. A.; Bull, HVO.,, Vol. IX, No, 2, p. 29, Feb. 1921.



tional sources of error refer to the properties of lava, and are as follows:
(5) The amount of effervescence and its effect on speeific gravity and veloecity.
(6) The amount of solidifieation on wall of c¢hannel and its effeet on roughness
of channel walls and on hypothetical cross-section,
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Fig. 1. Channel Cross-Section and Stream Velocities. (Artiele by H. S. Palmer.)
VOLCANIC CONDITIONS IN JANUARY

Activity of Halemaumau

During this month Halemaumauw gave some indication of possible return of
lava, with inereasing sulphur deposits and rather frequent avalanching. Heavy
rains the first days of -the month failed to wash away the bright yellow sulphur
at the south talus. Blue sulphurous fume does not show at this place as it did
formerly: there is only white steam. .

For the week ending January 5 there were 16 very feeble local earthquakes.
Microseisms were large after January 2, owing fo a strong northeast wind.
Tilt was moderately castward.

Fourteen very feeble tremblings were registered during the next week.
Microseisms continued strong to January 6, and then diminished to normal.
Tilt accumulated moderately westward.

The third week of the month brought about some marked changes: Increase
in area of the sulphurous patches; incerease in the amount of avalanching, and
increase in the number of earthquakes. The combination of these mean chem-
ieal and physical disturbances that may portend cruption. On January 15 and
16 there were avalanches loud enough to be heard at the Observatory, and
dust from slides was seen frequently. The pit walls were steadily working,
and much new debris was added to the talus slopes. There was a total of 29
very feeble local earthquakes, most of them occurring on the 13th, 14th, and
15th. One of the shocks began at 5:07 p. m. on the 14th and lasted over two
minutes. Tilting of the ground accumulated very slightly to the east, which
may mean an inerease of internal lava pressure under Mauna Loa.
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In the latter part of the month the period of avalanching ceased and the
walls became rather quiet once more, although rock falls were oceasionally
heard when the pit was visited. On January 20 some dust was seen over the
pit. The bright yellow sulplur crystals on the south talus remained fixed,
though there were heavy rains on the 26th, but the other sulphurous spots
became paler. \

During the week ending January. 26 there were 25 earthquakes recorded,
most of which were very feeble. One of these, at 6:49 a. m. January 24, was
strongly felt at Kona, and had an indicated distance to origin of 44 miles,
A slight earthquake was felt ‘at Voleano House at 6:54- a. m. January 24,
There was also a distant earthquake registered, beginning at 2:45 p. m. Janu-
ary 23. Phases of this shock indicated its distance to be about 3,580 miles.
Tilt for the week was slightly to the southeast.

The month closed with ne new changes in conditions in Halemaumau, and
there was littie or no avalanching. :
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January 5. After several days of northeast storm and rain, the pit shows
fixed bright yellow sulphur at the south talus. This area does not emit the SO,
blue fume that was formerly so noticeable here, mixed with the white vapor.
Now there is only the white steam, :

The northeast corner of the pit, at the rim, has caved away profoundly, and
the talus below has fresh rocks on it. The strong wind has knocked over signs
and trig station flags. Steam volume is not unusual. Large areas of white stain
are on the north and northeast walls. *

January 18. At 1:40 p. m. there was dust from a slide hanging over the pit.

January 15. At 11:43 a. m. an avalanche in the pit was heard at the Ob-
servatory, and all about noon dust from slides hung over the pit. At 4 p. m.
the north and north-northeast taluses were seen to be topped with fresh debris,
and there is a fresh conchoidal break in the north wall. -Most of the sliding
cppeared to have heen at the west contact of the big sill. ‘

From 4 to 4:30 p. m. slides occurred from the northeast, north-northeast,
torth, northwest, and southwest walls. Evidently the walls are uneasy.

The south talus at two places had very bright yellow sulphur spots.

Steam is densest at the upper part of the southwest talus; and is thin at
the other places.

The biggest pateh of white stain on the walls is under the northeast sta-
tion. The walls and taluses are dry, and the weather is clear.

January 16. At 2:58:30 p. m. there was a big avalanche roar, and a gray
cloud of dust arose. appearing first at the northeast corner of Halemaumau.
There were other mild displays of dust before this. This was the noisiest slide
and the biggest dust eloud seen for many weeks, though there was a noisy
slide, with little dust, yesterday about 11:43 a, m,

The pit was visited at 4:30 p. m. The avalanches had quieted down, hut
the walls were unsteady, with triekling slides seen and heard repeatedly-north-
east, north-northeast, north-northwest, northwest, and southwest near the rift
cavern. The north corner has a scar of another avalanche, and the north talus
is covered with fresh red debris. This was probably the slide that accompanied
the earthquake of yesterday afternoon. Today’s slide was apparently north-
northeast, where there is a fresh wall sear high up.

At the south station the smell of spicy sulphur is strong.
the yellow steaming pateh at the south talus,

The walls today are wet and dark red, although rains last night were light
in the vicinity of the Observatory. The salts on the roek bank at the base
of the southeast wall are entirely washed away, and the white area of the
northeast wall is smaller. There are many salts on the ground outside and
south of the pit. There are green moss patehes and blue green algae halfway

This rises from



down the south and west walls of the pit. There is much moss and grass and
other plants about the steam ecracks east of the pit.

About 100 yards south of the pit is a bowlder of agglomerate three feet in
diameter showing flaky gray ash layers and other pebbly layers, the whole
decomposed in place with flakes piled around the rotten heap; this is the largest
sample of acid degeneration among the 1924 ejecta yet seen.

January 18. At 4 p. m. there were rock trickles southwest, northwest,
and northeast. Dust hung over the pit yesterday occasionally.

The area of the yellow solfatara at the south talus is growing larger. The
little area of sulphur at the east margin of the south falus is bright with
sulphur erystals. There is much sulphur at two other places along the east edge
of the boftom, and a faint yellow stain southwest of the center, about where
the July, 1924, cone was. All of this development of sulphur is very new and
may portend the return of lava.

The Lot line of steam jets up the middle of the southwest talus, with a dry
pateh in the talus, may turn sulphurous just as the south talus has done and
as the bottom of the nmorthwest talus is doing. .

The working of the wall today seemed to be near the southwest-northeast
rift, both on the southwest and northeast walls.

January 20. A visit to Halemaumau at 6 p. m. showed no change. The
weather was calm without wind. There were falls of stones northeast and west.
Fresh debris lay on the northern taluses. Some dust was seen over the pit
today. ‘

Rocks were heard falling in the pit at 9 p. m.

January 22. During a visit from 3 to 6 p. m. a walk was made around the
pit. A few igolated rocks fell. There was dense floceulent steam from the dry
pateh at the middle of the southwest talus.

The west end of the big sill is against rocks that are very red. The new
talus below is very red.

The east sulphur spot is at least 100 feet above the lava floor, and tle south
sulphur spots are at least 200 feet above the floor.

No new eracking of surface ash was observed anywhere around the pit.

January 23. At 10:30 a. m. there was no change in conditions at the pif.
One slide occurred on the southeast side, but was started by boys throwing
stones. There was a little sliding northeast.

January 26. At 2 p. m. there was one fall of rocks at the northeast wall. In
the upper part of this wall there is a large arch of jointing across all the beds.

Heavy rain for the last two days has wet the walls and made them dark red.
The steam of the pit bottom has not inereased, The smaller sulphur patehes
are washed and paler than before. The solfatara of the south talus is still
bright yellow; the rain has not washed that away at all.

January 28. From 3 to 4 p. m. nothing new was noted at Halemaumau.
A jet of steam was rising from a bowlder in the midst of the dry hot patch
at the center of the southwest talus. There were no slides of any size.

SEISMOMETRIC RECORD

There were 85 local earthquakes and one feleseism recorded on the Ob-
servatory seismographs during the month ended at midnight, January 31,
1927. These and other phenomena are listed below. The time used is Ha-
waiian Standard (time meridian is 157° 30° W.), whieh is 10 hours and 30
minutes slower than Greenwich.

The greater number of the very feeble local shocks, counted in the list,
make such minute records that the character of the disturbance is not always
apparent. Some are true earthquakes; others are perhaps the parts of greater
amplitude of a continuous or protracted tremor, whieh at other times may be
too feeble to record; some seem to be records of vibrations set up by avalanches
in the pit of Halemaumau,
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Abbreviations used below are as follows:  vf, very feeble; f, feeble; s,
slight; m, moderate; d, instruments dismantled; {l, felt locally; A, indicated
distanee in miles; *, confinuous tremor.

Local Earthquakes

January 2
1 12:44 am. vf. 14 11:28 am. vf 28  3:17 p.m.wvi.
1:17 a.m. vf. 5:07-5:09 pm. vf. * .83 2:28 pm. vf.
2 4:41 pam.vi. 7:42 p.m, vi, 24 4:38 a.m. vf,
3 5:49 pm. vf. 15 5:59 am, vi. 6:49 am. v, A 44
7:43 p.m. vf, 6:14 a.m. vf. 1:23 p.m, v,
9:27 p.m. vf. 3:37 pam. vl 1:35 p.m. vf,
4 7:16 p.m.vf, 3:45 p.m, vi, 10:37 p.m. vi.
5 6:31 pm vi 5:08 p.m.vf, 25 6:54 am.s. d.fl.
6  4:57 a.m. vf. 8:21 p.m. vi. 11:15 a.m. vi.
7:30 ‘a.m. vf. 16 2:59 pm.vi. 26 3:21 am.vf.
7:00 p.m. vf, 4:28 p.m. vi. 11:24 am. vf.
7:17 pm. vi. 17.  2:34 am, vt 27 =1:2:01' pan. vt
T¥ ] 359 vt 5:08 a.m. vf. 284 42:07 a.m:vf A 22
12:45 p.m. vf, 10:08 a.m, vf. 9:35 a.m. v,
8 10:41 p.m. vi. 18 12:40 p.m. vi. 3:46 p.m. vf.
9 - 3:29 a.m. ¥f. 12251 pam. vf. 29  2:58 p.m,vi.
10 4:09 a.m., vf, 19  12:52 pam. vf. 10:43 p.m. vf.
2:49 p.m. vf. 3:16 p.m, vf, 30 1:11 p.m. vf.
10:17 p.m, vf. 3:21 pm. vf, 9:45 p.m.vf
AR A g o) 20  1:14 a.m. vf. 3ils 1525 pam. vi.
12 8:34 a.m. vf. 3:19 am.+vf. 2:09 p.vE A 37
11:32 a.m. vf. 5:13 p.m. vf. 11:53 p.m. vf.
8:41 p.m. vf. 5:23 p.m. vi.
13, 1:25 5.m. vf. 6:04 p.m. vi.
3:47 a.m. vf. 21 ol f2aimeve
4:39 a.m, vf, 6:02 a.m. vf,

—
—

5:03 a.m, vf. :26 ‘a.m. vf.
6:20 a.m. vf. :30 a.m, vf.
11:04 a.m; vf. 11:46 p.m. vf.
11:10 am. vf.

11:24 a.m. vf.

11:52 a.m. v1,

4:03 p.m. vf.

11:35 pm. vf,

Teleseism
January &
1P
S
L 3:01: 00 p.m.
Harmonic Tremor
This" movement was not recorded during the month.
Microseismic Motion :

Microseisms began to increase in amplitude about January 2, reaching a
maximum on the 4th, diminishing to normal again by the 6th. They were
normal during the rest of the month.

" Tilting of the Ground
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All exchanges, gifts to library, news notes abour Paecific voleanic and
seismie events, and correspondence should be addressed HAWAITAN VOLCANO
OBSERVATORY, Voleano House, Hawaii,

The Observatory is operated by the U. S, Geologieal Survey, and its work
is supplcmeuted by the Hawaiian Volecano Resemch Association. The main
station is on the northeast rim of Kilauea Crater. Subordinate seismograph
stations are operated by the Research Assoemtwn under the direction of the
volcanologist in Kona, Hilo and Hilea.

The Kilauea station operates horizontal _pendulums of the Boseh-Omori type
and receives time by wireless from ‘the Honolulu Naval Station. Observatory
Lat. 19° 25’ 54.3” N.; Long. 155° 15 39.6” W.; Elevation cellar 1214.6 meters
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums.
Their seismograms are sent to the Observatory.

The Hawaiian Voleano Research Association founded the Observatory in
1911, transferring the plant to the Governmeng in 1919, but continuing coopera-
tion in e‘cpeumeuta] work by furnishing funds and appantus and workers as
needed by the Government Voleanologist. It is a corporation under the laws ¥
of Hiwaii, governed by a board of dn-ectors and financed by the subseriptions v
of its membms and patrons, Its aims are identical with those of the Observa-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attract vol-
canologie speecialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthquakes and the foundation of more voleano observatories.
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NOTE ON THE EARTHQUAKE IN THE AZORES AUGUST 31, 1926
By J. Agostinho

The epicenter of the earthquake was situated in the channel beftween the
islands of Pico and Fayal, some 20 km. to the west of the big voleanie cone of
Pico—a mountain 2,274 meters high, which resembles remarkably Fujiyvama
and whose voleanic activity has only been marked the last four centuries by
some lava onthreaks from its slopes. The last oceurred in 1720. Earthquakes
are frequent in this region, and some submarine eruptions have heen signaled
very recently.

The earthquake occurred on the 31st August, 1926, at 10 h. 40 m. G. M. T.
The zone affected was very small, but the damages in its central part were very
important. It is to be remarked that some places on the island of Pico were
the seat of great damage, though they were very far from the epicentral zone.
This is probably due to the constitution of the soil which changes remarkably
from place to place in this island much affected by voleanoes in older times.



Damages in Horta (a small sea-port town, 7,000 inhabitants) were mainly
due to bad construction. The number of houses totally destroyed was not very
great, but many were so badly cracked that they had to be demolished (10%
to 15% of the total). Only nine persons were killed, and nearly 200 were hurt.

Some remarks on the earthquake as felt in Fayal and Pico follow. Duration:
Preliminary tremors, one or two seconds; intensity increasing instantly; total
duration not greater than five or six seconds. Direction of initial shock: See
Figure 7. In Horta the inspection of the ruins shows the evidence of a
violent shoek coming from the ENI; some evidence, too, of vertical motion.
Cracks on the soil: Only a few, very small, diversely directed. TLand slides
from the cliffs bordering the east coast of the island of Fayal. No changing
of level, nor changings in the springs, Noise as of a multitude of motor cars.
Shock heavily felt on board ships in harbor. Small waves (two feet high)
vanished in a few minutes. No tsunami remarked in the other islands.

The shock was felt also in the following islands: St. Georges (intensity V),
Graeiosa (intensity TIT), Terceira (intensity ITI-IV at 10 h. 41 m. 51 s, G. M. T.),
and San Miguel (intensity 11, record hy Milne seismograph at Ponta Delgada
P10 h. 42 m. 00's.; M 10 h. 43 m. 24 s.; F 11 h. 04 m. 00 s.).

VOLCANIC CONDITIONS IN FEBRUARY

Activity of Halemaumanu

Many slides took place from the walls of Halemaumau during the month.
The sulphur pateh on the south talus continued to inerease in avea, though
oceasional coatings of dust dimmed the coloring. Aside from other slight
changes voleanie conditions remained the same.

An avalanche from the northeast wall of the pit on February 1 filled the air
with dust for about half an hour. Small slides occurred on following days, and
one at 5:20 p. m. February 5 was rather noisy. On this day a large section of
the northeast rim was seen to have fallen in.

A distant earthquake was faintly recorded on February 1. Tts preliminary
wave arrived at 7:36:10 a. m. Hawaiian Time. Eight very feeble local earth-
quakes were registered during the first week of Fehruary. One of these at
11:26 p. m. on the 2nd showed a distanee to origin of 45 miles.

There were evidences of big slides in the pit about the middle of fhe month.
Much new debris lay on the northern talus, and dust covered the lava floor. On
the 14th considerable dust from slides was seen to rise from the pit, the largest
cloud being a red one about 3 p. m.

For the week ending February 16 the count of earthquakes was 12 local and
one distant shoek. Wind squalls hetween 5:15 and 7:30 a. m. on the 16th
made the instruments in the seismograph cellar vibrate. The distant earth-
quake was recorded on February 15 and was loeated by the U. 8. Coast and
Geodetic Survey as originating at 45° north latitude and 153° east longitude
at 1:35:22 Greenwich Time February 16, in the Kurile Islands, 3,230 miles from
Honolulu.

Tilt for this week was very slightly west-northwest.

As the month wore on the sulphur spots grew at the hottom of the pit, in-
dicating that lava gas was emerging. Some noisy slides from the walls oceurred,

Seismic conditions were very quiet at Kilauea for the week ending February
23. Only eight local earthquakes were recorded, and six of these came on the
21st and 22nd. Tilt accumulated moderately to the south-southwest. On Feb-
ruary 21 tilt began to change from southwesterly to southeasterly, and by the
23rd it was nearly due east, With the change of tilt there was an inerease in
the number of earthquakes, a total of 10 having been registered on the 23rd
and 24th,
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JOURNAL FEBRUARY, 1927

February 1. Some slides oceurred about 4 p. m. At 5:45 white dust rose
in a thin cloud, heginning at the northeast corner and gradually covering the
whole pit and remaining above it for 30 minutes or more.

February 2. There was dust over the north corner at 7:30 a. m,

February 3. Dust indicated small avalanches at the pit several times during
the day.

February 5. At 4 p. m. there was fresh material on the northeast talus. The
sulphur patch on the south talus is growing much larger, and the yellow green
sulphur stain is spreading over the talus.

The south-southeast wall is blackened by sulphur over the sulphur steam.

Slides oceurred from the northeast corner of the pit at 5:10 and 5: 20, and
the second was noisy. A large slice is reported to have f’ll](’ll from the rim.

The steam eracks southwest and west of the pit are purring strongly, as
though water were hoiling below. This purring is very strong, a real steam
pressure, in the hot vents of the Sulphur Bank flat south of the main road
north of Kilauea Crater. Does this mean that after the winter rainy season
there is liquid water boiling underground, and may it be that the ash seepage
and wash of 1924 has made subterrancan water reservoirs by sealing the rock,
just as ice on top of Mauna Loa and Mauna Kea makes a seal to hold “'ltel‘?

February 6. Some slides 0((11)1(‘(1 in the pit on this day.

February 8. At 3 to 3:30 p. m. there was a light south wind, and the pit
was still. The yellow stain cuntinuvs to grow in area on the south talus. A
few roeks fell on the northwest and northeast taluses at long intervals. A
slight smell of spicy sulphur was perceptible at the south station.

February 9. There was a rumor that fire had been seen in the pit, but a
visit fo the pit at 6 p. m. showed that there was nothing new. The weather
was wet and foggy.

February 12. At 6 p. m. the hlack, erater-like area in the sulphur pateh of
the south talus appeared a little larger. There was a new scar in the middle
of the wall over the northeast sill, and new debris on the middle talus under
the sill.

February 14. About 3 p. m. there was a strong red dust cloud rising from
Halemaumau, and there was dust there at other times.

The pit was visited at 6 p. m., and at the north corner, west of the end of
the hig sill, there was a prolonged small avalanche falling, making red dust
and a roar, with numerous fresh starts from about midway up the wall.

The north and northwest taluses were covered with fresh red debris, and the
red dust extended across the hottom of the pit. There had evidently heen some
big slides.

February 16. At 10 a. m. there was a strong south wind. The pit was very
dry, and pink dust was blowing from the de:elt over the whole of Kilauea.
Rn(‘ks were sliding a little at the north. The yellow solfatara was dusty. The

vapor volume was very thin at all the steam patches.

February 20. At 3 p. m. the sulphur spots were again increasing. A few
rocks were falling west and north. The pit was very dry and free from steam.

February 23. In the afternoon there were some noisy avalanches, One was
heard from the Observatory at 9 p. m

SEISMOMETRIC RECORD

There were 46 loeal earthquakes and two teleseisms recorded on the Observa-
tory seismographs during the month cnded at midnight February 28, 1927.
These and other l)henunwn.l are listed helow. The time used is H'lwnu.m
Standard (time meridian is 157° 307 W.), whieh ig 10 hours and 30 minutes
slower than Greenwich Time.
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The greater numhber of the very feeble local shocks, counted in the list,
make such minute records that the character of the disturbance is not always
apparent. Some are true earthquakes; others are perhaps the parts of greater
amplitude of a continuous or protracted tremor, which at other times may be
too feeble to record; some seem to he records of vibrations set up by avalanches
in the pit of Halemaumau.

Abbreviations used below are as follows: vf, very feeble; f, feeble; s, slight;
m, moderate; d, instruments dismantled; fl, felt locally; A, indieated distance
in miles.

Local Earthguakes

February 7:08 p.m. vf. 22 6:48 am.vf.
1 3:55 amo.vf. 12 “10:02 a.m. v 6:04 pom. vi. A12
2  3:44 am.vf, 11:45 p.n, vf, 23 11:25 a.m. vt
7:06 a.m, vf, 14 3:03 p.m. vf. 7:33 p.m. vi.
10:02 a.m. vf, 5:48 p.m. vi. :38 p.m. vf.
11:26 p.m. f. A 45 fl. 15 '11:14 am. vf. 9:32 pam. v, A13
3 5:12 am. vf. 2:05 pan:.vE, - 10:05 p.m. vf.
4 12:48 pm.vi, 8:45 p.m. vf. 10:07 p.m. vf.
6:08 p.m. vf. 16  2:57 am.vi. 10:08 p.m. vi. A3
6' = 2:11 am.¥i 17  6:16 am. vf 24  3:58 p.m. vi,
© 1:42 pm.vf. 18  3:53 pam.'vf. 5:05 p.m. v,
5:52 p.m. vi. 21 5:26 pm. vi. 5:09 pm.ove.
9 [ 1:40 pm. vi. 6G:37 p.m. vi. 26 6:09 p.m.wvi.
1:45 p.m. v{. 6:50 p.m. vf. 27 10:16 p.m.vi.
10 11:48 a.m. vf. 7:23 p.m. vi. 28 11:27 am.vi.
2:03 p.m. vf.
3 S T T e
Teleseisms

February 1
el 7:36:10' a. m.
8 ¢ 7T:44: 3 A, 1m: Later information gives Solomon Islands as origin,
S 9 7:49:54 a.m.
7:52:14 a.m.
February 15
L % 3:30:00 p.m. Very faint record.

=

Harmonic Tremor
This type of movement was not recorded during the month.

Microseismic Motion

Microseisms were stronger than normal on February 9, 10, and 11, thereafter
diminishing to normal by February 14. On February 16 high wind was the
cause of almost. continuous irregular tremors without, however, having the
effect of inereasing the amplitude of microseisms.

Tilting of the Ground
By weeks this movement was as follows, expressed as angular change and
direction of motion of the plumb line:

Janusry B Mebruary (2. il 0.6 -second SE.

L0+ v e I S g e e e R Lo 0.6 sceond SSW.
b SHIE bl o B By 100 D Bt 1.0 seeond WSW.
L D0 e d e L e SR 6 O L 0.8 second SSW.
ck 84 Narvchi 1o o o s s 1.3 seconds E.

T. A. JAGGAR,
Voleanologist.
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A1l exchanges, gifts to library, news notes about Paecific voleanie and
seismie events, and correspondence should be addressed HAWAITAN VOLCANO
OBSERVATORY, Volecano House, Hawaii.

The Observatory is operated by the U. 8. Geological Survey, and its work
is supplemented by the Hawaiian Voleano Research Association. The main
station is on the mortheast rim of Kilauea COrater. Subordinate seismograph
stations are operated by the Research Association under the direction of the
voleanologist in Kona, Hilo and Hiiea.

The Kilauea station operates horizontal pendulums of the Boseh-Omori type
and receives time by wireless from the Honolulu Naval Station. Observatory
Lat. 19° 25’ 54.3” N.; Long. 155° 15" 39.6” W.; Elevation cellar 1214.6 meters
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums.
Their seismograms are sent to the Observatory.

The Hawaiian Voleano Research Association founded the Observatory in
1911, transferring the plant to the Government in 1919, but eontinuing coopera-
tion in experimental work by furnishing funds and apparatus and workers as
needed by the Government Voleanologist. It is a corporation under the laws
of Hawaii, governed by a board of directors, and financed by the subseriptions
of its members and patrons. Its aims ave identieal with those of the Obscrva-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attract vol-
canologic specialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthqualkes and the foundation of more voleano observatories.
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TEMPERATURES OF VOLCANO BORINGS
By T. A, Jaggar

Drilling wells 5 to 20 meters deep in the basaltic lavas of Kilauea Crater
was begun in April, 1922, The work was financed by Mr, John Brooks Hender-
son and the Hawaiian Voleano Research Association. The temperatures at 20
meters depth were 96° €., 653° (. and 36° C. in different places. The gradients
were erratie, At a boring in the Sulphur Bank on the upper rim of Kilauea
the temperature was 96° from top to bottom and the hole was charged with
sulphurous steam. In a second rim bore-hole the three-meter intervals of depth
gave 36°, 39°, 37°, 37°, 37° 36°. Under the Kilauea floor the temperatures at
three-meter intervals of depth were 35°, 45°, 54°, 58°, 65°, 64° and 69°.

The Kilauea Crater floor apparently showed a gradient, and all the wells
were hot at three meters depth. In 1926 a new project was begun, having in
view boring holes three meters deep and 5 centimeters diameter with com-
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pressed air drill. There holes were located 300 meters apart at the corners of
equilateral triangles over a surveyed net. (See Fig. 12.) BEvery hole is eapped
with a metal pipe and cover. This permits taking the temperatures of all the
holes at stated intervals and determining isothermal lines for the erater floor
and margins. The object of the work is to provide a mechanism for taking
rock temperatures apart from the temperatures of vapor eracks. It establishes
a method for discovering the true temperature of voleano ground.

True temperature may differ from apparent temperature owing to distributed
solfataric eracks which yield hot gases at higher temperature than the average
temperature of the rock. TUsing an artificial hole, of standard size and depth,
for a standard method of exposure of thermometer, yields comparative data of
quantitative value. With such appliances the ground may be tested as to effeet
of seasonal air temperature, of underground water, and of porosity, lithology,
ete. Thus a basis is laid for repeated temperature measurement in the same
district, determining ground isothermals at different stages of voleanic activity.
Incidentally, the holes explore surface oxidation of minerals, gas heating, gas
composition, and moisture and underground structure, according to their depth.

There have now been drilled 34 bore holes in all, and the use of the air-
hammer drill has been continued in 1927. Temperatures appear to be highest
along the castern margin of the fill of Kilauea Crater, apart from hot solfataric
eracks in or adjacent to Halemaumau pit. It is probable that the wall-crack of
the larger crater, or contact belt hetween the lava fill and the peripheral wall,
is sufficiently open to permit hot gases to rise from greater depths than else-
where. Some of the holes drilled three meters decp in solid lava show so little
rise of temperature at their bottoms that it is essential to seal them and keep
them free from rain drip in order to measure the temperature eritically. Others
are very hot, probably because they cut steam eracks. It is therefore apparent
that isothermal lines in plan are more likely to be guided by cracked zones
than by any symmetrical system of temperatures in the solid rock.

The following exhibit of centigrade temperatures in the bottom of five holes
three meters deep in the lava floor of 1894 flows, east of the center of Kilauea
Crater, shows the variety of tempeiratures encountered. The holes are num-
bered in accordance with a survey of points to be drilled, 132 in all on Kilauea
floor, 300 meters apart, as shown in Fig. 12.

TEMPERATURES OF SUMPS ABOUT THREE METERS DEEP

No. Air Hole Differcnece
81 19° 8p = S50
83 220 R + 1 °
88 16° 17.5° -+ 1.5°
100 20° o5 SR
101 21° - 84 ° +63 °

That a depth of three meters is within the atmospherie temperature cffect
was shown by the following:
No._ 100 gave one day air 22°, hole 30°

do 22° hole 27°
do 18“, hole 24°
No. 100 do 19°, hole 78°
do 25°, hole 90°

This hole No. 101 appears to cut a lateral duet or erack carrying hot vapor.
Readings with resistance thermometer gave:
At depth 44 em. 8§9°
do 123 em. 106°
do 189 em, 86°
do 219 em. 66°
R(,d(hngs with a merc¢urial thermometer on another day gave:
At depth 123 em. 90°
do 219 em.- 90°
16




Thus on three different days this hole gave readings near the bottom of 66°,
78° and 90°, respeetively, and one of these days a point half-way down was
at 106°. d

On two days it gave a reading of 90° 123 em. down, and on one of these
days the bottom 300 em. down was at 78°, and on the other it was at 90°.

These results agree with observations in certain caverns of the Kilauea
floor, which sometimes are only warm, and at other times are very hot and full
of steam. As the mountain is porous, it is quite possible that changes of air
pressure and of wind dirvection bring about these differences.

Temperature measurements of other bhore-holes follow*:

No. Air Hole Difference
44 212 21 0°
45 o2 45° 2309
46 24° 60° 36°
46a 227 64° 42°
61 952 257 0°
62 24° 24° 0°
63 22° 22° 0°
66 28° 44° 16°
67 26° 59° 33°
84 2R 28 0°

Hole No. 46a, which shows the greatest difference in the above table, is
uncapped and only 1.27 meters deep. The other holes are capped and about
three meters deep. The reason No. 46a was not ecompleted to the uniform
depth is that drills ecould not be made to go deeper; and therefore hole No. 46
was bored at a mear-by point.

Drilling in lava rock layers with parting planes every few feet necessarily
encounters openings hetween the separate lava flows. The opening may be a
steam or air chamber. Therefore the vertical temperature gradient obtained by
measuring the bottom temperature at intervals while the hole is heing drilled
is likely to be quite different from the gradient of the finished hole. The
finished hole permits convectional adjustment of the vapors, and alse is likely
to be influenced by the wind in the lateral duets as pointed out above.

The surveyed net will afford basis for a thermometric survey of the tem-
peratures of natural floor cracks as well as of the artificial drill holes. It will
be seen from the above preliminary results that measuring the rock temperature
of a pile of lava flows is far from simple. It is evident that the time element
is important, and it will be necessary to equip some of the holes with self-
recording themographs.

VOLCANIC CONDITIONS IN MARCH

Activity of Halemaumau

There was little decided change in conditions at the voleano during the
month. Wet weather was prevalent, increasing the size of vapor clouds, and
the three yellow sulphur spots on the south talus continued to inerease in size.
Many slides occurred from the walls. Stripping of the northwest wall by slides
at the beginning of the month showed intense oxidation beneath the former
surface. At this part there was excessive heat and blue sulphurous fume in
1923 and earlier.

* These measurements were made on March 1, 1928, and are here inserted,
taking advantage of the faet that publication of this Bulletin is tardy.
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There were five loeal earthquakes and one teleseism registered during the
week ending Mareh 9. All were very feeble. The distant shoek was faintly
recorded for three-quarters of an hour, beginning at 11:08 p. m., and according
to mewspaper reports orviginated in Japan. Tilt for the week aceumulated
slightly to the south.

There were 14 very fecble earthquakes for the mext week. One of these
showed phases indicating its origin to be 20 miles distant. There were also
records of blasts of dynamite used in road comstruction in the vicinity of the
voleano.

On Mareh 19 there were several dusty slides at Halemaumau, and the next
day some large slides occurred tfrom the northeast corner, probably caused by
the earthquake that occurred just hefore 5 a. m. deseribed in the next paragraph.

The large earthquake of March 20 was the heaviest that has been recorded
on Hawaii for a vear. Tt is an interesting coineidence that a year ago, on
March 19, 1926, there occurred at 10:33 p. m. an earthquake of like intensity
and practieally the same characteristies as the one here deseribed. This is
perhaps no more than a mere coincidence, yet it must be remembered that
these dates are very mear the vernal equinox. The shock as reecorded at the
Observatory had its initial movement at the instant of one of the time breaks
on the scismogram (see Fig. 14). This was at 4:52 a. m. Thus unfortunately
the needles were not on the paper to record the direction of the first movement,
from which it might have been possible to deduce the dirveetion to the epicenter.
The instruments were bhoth dismantled after the first few seconds, so that the
various phases of the shock were not recorded. It has therefore been impos-
sible to estimate distance to the origin. Various reports show that this earth-
quake was felt with about equal intensity throughout the islands of the Hawai-
ian group. Vague press reports suggest that it may have been recorded as a
teleseism on some of the seismographs at observatories on the mainland. This
may have well been the case, as the shock was apparently heavy and deep-
seated, in contrast to the usual type of local voleanic earthquakes recorded at
this station, which are likely to be felt or recorded only a short distance from
their origins. There was no damage done heyond the shaking from shelves of
hottles and small merchandise in one or two of the stores in Hilo.

Sixteen other earthquakes oceurred during the week ending Mareh 23, all
very feeble. Tilt accumulated slightly to the southeast.

On March 26 the erack on the southeast side of the pit, about 70 feet back
of the rim, was noticed to be quite free from steam.  Formerly steam was so
abundant as to be disagreeable to persoms using the trail which erosses the
erack, This change would seem to indicate that internal lava pressure has
raised the great block on the pit side and elosed the erack to some extent.

For the week ending Mareh 30 twenty-two loeal earthquakes were registered.
These were all very feeble, imperceptible shoeks. There were also two periods
of almost econtinuous tremor resembling the harmonic tremor which accompanies
lava eruptions. Tilt accumulated moderately to the south-southwest.

JOURNAL MARCH, 1927

March 1. At 4 p. m. Halemaumau showed mnew reddening of the whole
northwest wall where a large shell of wall has fallen, earrying away the beneh
(or part of it) that extended from the top of the northeast sill westward. New
red debris lay below. The whole wall is red west of this poinf, showing that
small falls have stripped if, revealing intense oxidation beneath, where the
fume was in 1923.

There have been big falls, for the whole floor across the south wall was red
with dust; also the middle talus of the northeast wall has fresh debris.

Yellowing of the south solfataras continues.

March 6. At 11 a. m. Halemaumau had dense purling steam jets from the
southwest talus and elsewhere. Yellow sulphur persists at the sulphur spots.

18
















One considerable avalanche fell from the middle of the north wall. There
were other small falls,

March 9. At 1:50 p. m. there was a noisy slide on the northwest side of
the pit, making dust. This was heard from Uwekahuna Bluff.

March 19. Numerous dusty slides oecurred during the afternoon.

March 20. At 10 a. m, there were evidences of large slides at the northeast
corner of Halemaumau, and there are additional big bowlders on the bottom.
White deposits are on the northwest debris slope, and fresh slides have oceurred
there.

March 22. At 4 p. m. slides were falling at the middle of the northeast sill.
No other changes were noted.

March 26. At 10 a. m. the northeast talus appeared elongated downward out
onto the floor, and new big bowlders lie beside the big one that made a track
down the north-northeast talus some months ago. North of the east station
there is a hig noteh in the upper rim that appears fresh. This break in the
rim is where a lot of tangential eracks, extending southward, emerge into the
pit. The points of the slabs have been eaving.

March 27. At 10 a. m. conditions at the pit were mueh as before, but the
cracks at the southeast tourist stand, near the edge of the pit, are so cool that
no steam shows, and one ean hold his hand in them. The wind is southeast.
This development is not sudden: it has been growing doubtless. Perhaps the
cracks are hotter with a northeast wind.

March 30. At 11 a. m. the cracks at the southeast trail were still the same,
nowhere near the temperature they were in January, 1925 (169° F.). They
seem abeut 105° F. There is no visible vapor at the trail crossing.

Some slides oceurred northeast and north. There is new red debris under
the north corner.

The three sulphur spots, 200 feet up the eenter of the south talus, 200 feet
up the east side of the south talus, and near the bottom of the east side of
the south talus, are becoming alike in size, all big and yellow, in spite of much
recent rain, The lower one makes blue fume with the abundant steam rising
from it. The other two make soft white steam. There is no blue fume now
at the center one, though a year ago, before the yellow sulphur appeared there,
much blue fume was there. Apparently blue fume is not the sulphur maker.

SEISMOMETRIC RECORD

There were 63 loeal earthquakes and one teleseism recorded on the Obhserva-
tory seismographs during the month ended at midnight March 31, 1927. These
and other phenomena are listed below. The time used is Hawaiian Standard
(time meridian is 157° 30" W.), which is 10 hours and 30 minutes slower than
Greenwich Time.

The greater number of the very feeble loeal shoeks, counted in the list,
make sueh minute records that the character of the disturbance is not always
apparent. Some are true earthquakes; others are perhaps the parts of greater
amplitude of a continuous or protracted tremor, which at other times may be
too feeble to record; some seem to be records of vibrations set up by avalanches
in the pit of Halemaumau. )

During this month road construetion has been in progress within a few miles
of the Observatory. The blasting done during this work has added still another
cause for very feeble tremors which appear on the scismograms. Such small
tremors as were known to have been caused by blasts have not been tabulated
below as earthquakes. Tt is probable, however, that a few of the tabulated
tremors are due to this cause when the blasts were not noted and definite
correlation determined.

Abbreviations used below are as follows: vf, very feeble; f, feeble; s, slight;
m, moderate; d, instruments dismantled; fl, felt locally; A, indicated distance
in miles; ¥, continuous tremor.
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Local Barthguakes

Mareh
L 12:43 am.vi 17 pan. v, 25 10:24 am.vf.
4 8:31 am.vi, p-m. vi. 11:15 am. vi.
I G 1 T o 8:33 p.m. vi. 26 +11:38 a.m. v,
4:35 p.am. vi, 11:23 p.m. vi. 12:05 p.m. vi.
6 11:08 p.m. vi, 11:25 p.m. vf. 12:11 p.m. vi.
8 9:18 am.vf. 11:29 ‘pom.¥f. 1:19 p.m. vi.
9:32 a.m. vf. 19 10:29 am. vf. 1:27-1:48 p.m. v *
9  9:00 a.m.vf. 11:58 p.m. vi. 28 5:31 a.m. vi.
1:10 p.m. vf, 20  4:52 a.m, m. fl. d. 6:24 am. vi
1:40 p.m. vi. 21  7:36 a.m. vi. 9:01-9:41 am. vf. *
1:46 p.m. vf. 4:00 p.m. vf. 10:19 a.m.vf.
10 5:27 p.m. ¥vi 22  4:06 p.m. v 10:50 a.m. vi.
5:41 p.m. vf. 5:12 p.m. vi. 1:52 p.m. vi.
11:15 a.m. vf. 5:15 pam. vi, 2:06 p.m. vf.
12 5:15 a.m. vi, 8:31 p.m. vf. 290  9:25 ‘am.vi.
9:27 ‘a.m.vf. 9:16 p.m.vi. 4:16 p.m. vf.
8§:50 p.m. £. A20 24  2:00 a.m.vf. 30 9:10 am.wi.
135 8 Taa.m. vt 9:29 :a.m. vt 2:22 pm.vL.
15 3:28 p.m. vf. 11:29 a.m. vi. 31 4:18 am. vf.
7:26 p.m.vf. 11:31 am.vi. 11:29 a.m. vf.
16 12:29 am.vf. 11:42 a.m. vf. 8:52 p.m. vf.
Teleseism
Mareh 6

P 2 11:08 p.m. Feeble record, no distance estimate made. Prob-

S ¢ 11:18:20 p.m. ably is the same shock as that deseribed by
L EL:2E pam. the press in the Tajima region, Japan.

M 11:28 pm.

Harmonic Tremor

True harmonie tremor, such as is usually associated with voleanie activity,
was perhaps absent during the month. The two spells of continuous tremor
which oceurred on March 26 and 28, as noted in the tabulation above, had all
the appearance of the frue harmonie tremor except that there was at the time
no voleanie activity to which they might be considered an accompaniment.

Microseismic Motion
Mieroseisms were slightly stronger than normal on Mareh 29.

Tilting of the Ground
By weeks this movement was as follows, expressed as angular change and
direction of motion of the plumb line:

February 24-March Loos ooz snm s e 1.3 seconds E.
Mareh = 2-8 . v i S e i 1.0 second SSW.
A Q1B e SE e S 0.2 second SW.
CE R e T e s o s e 0.6 second SW.
" BB BN e e e 1.8 seconds SW.
& S0ZAPTIL B, 1 i i e s, 1.4 seconds SW.

T. A. JAGGAR,
Voleanologist.
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All exchanges, gifts to library, news mnotes about Pacific voleanic and
seismic events, and correspondence should be addressed HAWAIIAN VOLCANO
OBSERVATORY, Voleano House, Hawaii.

The Observatory is operated by the U. S, Geological Survey, and its work
is supplemented by the Hawaiian Volcano Research Association. The main
station is on the northeast rim of Kilauea Crater. Subordinate seismograph
stations are operated by the Research Association under the direction of the
voleanologist in Kona, Hilo and Hiiea, ‘

The Kilauea station operates horizontal pendulums of the Boseh-Omori type
and receives time by wireless from the Honolulu Naval Station. Observatory
Lat. 19° 25’ 54.3” N.; Long. 155° 15’ 39.6” W.; Elevation cellar 1214.6 meters
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums.
Their seismograms are sent to the Observatory.

The Hawaiian Voleano Research Association founded the Observatory in
1911, transferring the plant to the Government in 1919, but continuing coopera-
tion in experimental work by furnishing funds and apparatus and workers as
needed by the Government Voleanologist. It is a corporation under the laws
of Hawaii, governed by a board of directors, and financed by the subseriptions
of its members and patrons. Its aims are identieal with those of the Observa-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attract vol-
canologie specialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthquakes and the foundation of more voleano observatories.
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THE OPPORTUNITY FOR SCIENTIFIC RESEARCH IN THE NATIONAL
PARKS OF AMERICA

By T. A. Jaggar

Address delivered April 18, 1927, at Voleano House, Hawaii, to the delegates
of the First Pan-Pacifie Conference on Education, Rehabilitation, Reclama-
tion and Reereation.

The Geographical Opportunity

National Parks have become ereations of government in many countries,
and their use by the people is primarily for studying nature and recreation in
the wilds, Accordingly, men of science are taking an increasing interest in
these sanctuaries of wild life and of human antiquities. Being national, they
have the advantage of permanency. Museums have developed in these places,
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in order to preserve indoors specimens of those things which admit of collection
and exhibition, and even outdoors there is heing developed in American National
Parks what are called ““trailside museums,’’ so that travelers under competent
guidance may be shown, while they are walking or riding to places of interest,
the birds and flowers and minerals and fossils that are eharacteristic of those
wonderful places. Therefore, the purpose of National Park muscums is to ex-
tend both education and reereation in the service of large numbers of travelers,
and when it comes to research or investigation of the wonders in question,
what has hitherto been done has been the work of seientifie bureaus of the
government or private research establishments.

My interest in this subject is limited to my own field of geology. Much
might be told you of the opportunity the National Parks present for the study
of other branches of natural history. Moreover, there are many divisions of
geology, but T am interested in an opportunity which our parks now have that is
not being fostered as it should be. It so happens that at Kilauea we have
been delving into one of the most elementary topics of geology; namely, the
recording from year to year of the changes in the life of the earth, considering
the globe as a hvmg being. In Hawaii there is a rare oppoltumty for this,
because the voleanoes hclc are continually breathing with the e(nth, and also
forming new skin on the surface of the earth when th(‘ mighty lava flows pour
forth. It seemed worth while 25 years ago, when 30,000 people were suddenly
killed by the voleanoes Pelée and Soufriere in the West Indies, to find out what

appuled during the months and years preceding such a ecatastrophy, in order
to learn whether the earth, like any other living being, does not exhibit
symptoms of the coming trouble.

It is the purpose of the Hawaiian Voleano Observatory to study just such
symptoms, and the results of 15 years of work here have developed inereasing
enthusiasm in the workers, for they have learned of 1l eyeles, of tremor,
temperature change, rising and falling of the groun ting of the ground,
earthquakes, and outpourings of lava, whieh are all related to each other and
to the live movements of the crust of the earth. It is this observatory method
which seems to me lacking among possible researches can be extended in
geology, so as to include such processes as the lifting-up « 12 mountains, the
breaking-down of the lands under the action of the weather, and the settling
of the rubbish in hollows, which geologists call sedimentation. There are no
places on the face of the earth so fertile in possibilities for this kind of study
as the National Parks.

The applieation of the observatory method to earth proe
ceptionally good results in the National Parks of the Unit
the great variety of natural laboratories seattered from the
In Mount MeKinley National Park there is the highest m
North America, standing at the end of a graded series of moun
tends in a marvelous, smoothly curved line out to little wol
Aleutian chain. Along that line lies Katmai National \Iun.m_
of the biggest and most extraordinary voleanic eruptions c
Rainier National Park there is a combination of a warm
glaciers, At Glacier National Park there are wonderful ove
glaciers, and a typical development of Rocky Mountain uplif
and Lassen National Parks there are continental voleanoes
typical of many scorve such cones that extend the length of the ¢
and of the Andes. In the Yellowstone there is the greatest gesse
the world, adjacent to an earthquake distriet in Montana which
in motion. At Hot Springs National Park there is a developm
waters in the midst of a region remote from the big mountains
vast acecumulations of sediment of the Mississippi flood plain, z==nd
some way connected with the scene of the huge earthquake that
Mississippi valley in 1811. TLastly, there is Hawaii National
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he tropies.
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already research by the observatory method has begun, and where observation
of the making of new rock is in progress. We treat the earth as though it
were a mighty engineer constructing new lands just as our human engineers
construet hreakwaters and dams and conerete roads. And if you ean imagine -
a scientific mongoose, along the road between here and Hilo, establishing an
experiment station to find out why his habitat is invaded by floods of new
concrete and stone, and then setting up measurements in order to discover
where the conerete comes from and how it gets there, you will have an apt
picture of the little voleanologists seated on the flank of Mauna Loa voleano.

There is thus a geographical opportunity elsewhere unequaled which the
National Parks offer for the study of mountain erosion, of shore lines and sea
bottoms, of rivers and glaciers, of uplift and shifting of the lands at times of
earthquake, and of outpourings of slag from the inside of the earth to make
new lands such as were created in great volume in the primitive days of the
globe, when it was erusting over and congealing from an earlier ball of fire.

The proposed observatories group themselves naturally into four categories,
those concerned, respectively, with (1) the making of new rock, (2) the uplift
of the land, (3) the rotting of the mountains, and (4) the settling of the
rubbish.

The Making of New Rock

The national reservations suitable for observatories of this process are
primarily Hawaii, Katmai, Lassen, and the Yellowstone. In Hawaii, Lassen,
and Katmai new lava has appeared within the last 15 years. In Hawaii it has
come forth at a dozen times and places. At Lassen in 1915 it appeared only
as a sluggish paste rising like hot iron in the summit erater. At Katmai it
appeared similarly as cracked domes of very siliceous slag inside the erater.
About two hundred years ago the Lassen country produced a lava flow of
clinker quite like what the Hawaiians call aa. These outpourings, whether
liquid or paste, are acecompanied by burning gas, and the study of this gas is
precious for geophysies, hecause it shows us the chemical composition of the
ingide of the carth. TIf the spectroscope is applied to these outgivings of the
carth, it will be possible to make direet comparison of the chemistry of the
inside of the earth with the chemistry of the sun. Another kind of rock was
made by all these voleanoes when they threw up sand and gravel and ash
which aecumulated in layers and valley fillings that some day will be com-
pressed and hardened into sueh rocks as geologists eall agglomerates and tuffs.
Already the Geological Survey is at work establishing observatories at these
places, and the significant results of the work to date are coneerned with
microscopie movements of the land unsuspected when the work was begun.

We have learned in Hawaii that Kilauea rises and falls by several feet in
the course of 15 years, even at the solid ground outside of the erater where
the Voleano House is built. We have learned that whenever the gushing lava
returns to the pit, the Observatory ground, two miles away, starts a con-
tinuous trembling. We have learned that when cracks open near the pit and
sulphurous gas comes ont, these eracks grow hotter and hotter until the red-hot
lava appears. And lastly, we have found out that a sensitive pendulum shows
a tilting of the ground away from the center of the island when the lava is
rising, even before it appears as an eruption. And when the lava after an
eruption goes down, the ground tilts enormously toward the center where it
is retreating. Along with all this earthquakes oceur, and we are coming to think
that much of voleanism is an underground process, with mueh more of this lava
flowing into eracks and crevices deep in the under-earth than ever appears at
the surface. This seems a connecting link hetween voleanism and such process
as happened in California whein the big earthquakes oceurred at San Franecisco
and Santa Barbara. This leads us directly to the second of the processes that
ought to be observed with more observatories.
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And mot only Alaska; word has just come from Queensland that whole farms
have been sliding in many acres, with washouts and cracks and slips in the
Nambour distriet, Fissures and creepings are reported everywhere. Whole
banana fields have moved, with sudden rumblings, and hillsides have come
down, tipping up the houses, and a mile of roadway is reported entirely gone.
All of this happened January 26, threc months ago.

In this the National Parks ean supply other work for our mountain observa-
tory to do. Seience must get standards for measurement of such processes as
this rotting and sliding of the hills. At the time of the Katmai convulsion,
call it what you will, one of the tremendous things that the eruption turned
loose was a flowing of the land, the Mageik landslide, which broke down a
mountainside and covered a great acreage of country. These things are sudden
accelerations of otherwise slow processes. But not too slow to measure. Here
in Hawaii we had the same thing, the ‘“mud flow?’’ at Pahala, 20 miles from
this Voleano House, in 1868.

What is needed is the study of strategic places, with stakes and soil borings
and surveyed measurements, and a working out of how fast the roek decays,
how fast the water undermines, how fast the soil slips, and how fast and where
do the rivers combine to carry off the products.

The Settling of the Rubbish

Most people think of the Mississippi or the Amazon as a lot of water
flowing down hill. In fact it is nothing of the sort. Tt is chiefly a lot of
mountain rubbish preventing the water from flowing down hill. Every time
you read of an awful flood in India or China drowning hundreds of thousands
of children of men, some of this preventing is being domne.

A river basin is a place that is not understood. Engineers spend millions
to prevent the preventing. They fry to keep navigation open—which the moun-
tain rubbish is preventing. They try to keep the water out of the towns and
in the channel—which the mountain rubbish is preventing. They try to make
bridges stand up the way the railway people did at Hilo a few years ago—
which the mountain rubbish under the bridge piers prevented, by gently flow-
ing into the bay.

Mr, John R. Freeman in 1922 proposed to Congress the establishment of a
National Hydraulic Laboratory, for the conduct of research, experiments, and
seientific studies in eonnection with the problems of river hydraulies; for this
he asked $200,000. In the hearing he made the following pregnant statement:

“The greater part of our recent program in science and in the arts has
been made by taking problems from outdoors into the laboratory, then coming
baek out of doors with the result, and working the theoretieal and the praetical
side by side.’”

Mr. Freeman presented drawings illustrating the laboratory, quoted the
Dresden River training laboratory and the hydraulic lahoratories of the univer-
sities, and came to the conelusion that there ought to be a big national labora-
tory right at Washington on the Potomae. The design was the product of
ten years’ work.

The projeet was opposed by the U. 8. Army Engineers and the Mississippi
River Commission, and Congress turned it down, The argument of the Missis-
sippi Commission was that “‘the river is so gigantie in all its elements that a
practieable model would be too small to duplicate the regimen of the river.”’
The Commission has kept seientifie men on the river for 43 years in ‘‘nature’s
own laboratory, the river itselt.”’

What the National Parks could do in studying the great process of sedi-
mentation, which affects 70 millions of people in the Mississippi Valley alone,
would be to combine the physieal studies of the mountain observatory with
geophysical studies at River Observatories in those parks which are suitable.
Neither the river engineers nor the physicist experimenters in hydrostaties can
say the last word on rivers.

27



Rivers are not all water. They are repositories of mountain rubbish, fillings,
plains, slime flats from nature’s stamp-mill, and they need the experimental
geologist. All the limestones, slates, sandstones, oil shales, and conglomerates
of geology have been built by rivers that flowed into Mediterranean seas. The
great lack of sound knowledge today is the lack of measurement of quantities,
coarsenesses, materials, areas, bulks moved over river basins after the streams
get the stuff that is uplifted, rotting, and creeping in the hills. This measure-
ment should be done for pure science alone, not for the engineers. Only so
can the natural history of our continent be learned.

In conclusion, then, T would submit particularly to the Pacific specialists
of this Conference on Reclamation and Edueation, the splendid opportunity that
the permanent National Parks have for permanent observatories of geological
process.

And to the Park Service of the United States I would recommend specifically
that a physical geologist be attached to the serviee to eoordinate plans for a
Geophysical Observatory system in the parks, a system of experiment stations
for study of all the earth laws by means of resident scientists, not mapping
ancient formations, but measuring month to month the building of voleanoes
and mountains, the breakdown of the hills to make soils and sea-hottoms,
the making of rock, the uplift of the land, the rotting of hills and the settling
of the rubbish.

VOLCANIC CONDITIONS IN APRIL

Activity of Halemaumau

There were no visible indications during the month of any change in the
magma that underlies the voleano. The usual activity of slides and avalanches,
steaming, formation of sulphur spots, and minute quaking of the ground tool
place.

For the week ending April 6 the number of earthquakes was 16. All were
very feeble loeal shocks with the possible exeeption of one which oceurred at
8:44 a. m. April 1, whieh may be part of a faint record of a distant disturbance.
Tilt accumulated moderately to the southwest.

On April 10 slides were heard from the northeast wall of the pit. At 5:15
p. m. dust from an avalanche was seen to rise. A slight tremor registered on
the seismographs seemed to be simultancous with this avalanche. The sulphur
and salts so conspicuous on the south and cast taluses were dimmed by heavy
rains,

There were 17 very feeble local earthquakes recorded during the week
ending April 13. Tilt was very slight to the ecast.

On April 20 there was new debris on several taluses, and a lump of red rock
at the core of the west boss had fallen away. Small slides were still oceurring
there at 11 a. m.

During the week ending April 20 the earthquakes numbered 14, Nomne of
these was perceptible. Tilt was slightly south-southwest.

A noisy rock slide on the northwest side of the pit was heard at 8:45 a. m.
April 27. There were also other slides, including one at 10 a. m. April 30 at
the north corner which made dust and which left a large sear on the north wall.

Nineteen very feeble local earthquakes were registered for the week ending
April 27. Tilt aceumulated moderately east-northeast. On April 30, 2:33 p. m.,
there was a shock pereeptible to persons in Hilo and at the voleano. Tt was
followed by several very feeble after-shocks.

JOURNAL APRIL, 1927

April 3. No change in conditions at Halemaumau was noted.

April 6. A few rocks were sliding during a visit in the morning.

April 9. Nothing new was noticed exeept inercased red dust on the north
talus.
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April 10. At 10:30 a. m. some light slides occurred at the northeast wall
Heavy rain last night has washed away part of the sulphur south and east.

At 5:15 p. m. a considerable slide sent up a distinct dust cloud at the pit.

April 20. At 11 a. m. the taluses showed fresh debris at the north, west-
northwest, and south-southwest sides of the pit. The sulphur patches have been
partly washed away by rain recently, and the walls of the pit are quite wet
and dark red from wetting. The large sulphur pateh at the south talus is
still bright yellow, with a dark area in its center.

Small slides were observed twice at the north side of the west boss. The
lump of red rock which formerly protruded from the top of the west boss has
fallen, and the first slide seen today was from that place. The northeast talus
has light colored grey debris, but this did not fall since the rain.

There was a third slide from the west boss at 11:15 4. m. All of these
slides were very small, so that dust on the wall could be detected with difficulty.
Just north of the peak of the northwest talus is an upright buff-colored streaking
from either wash or dust slides.

Steam escapes at the east sulphur pateh, at the usual places in the south,
southwest, and northwest taluses, a little between the north and north-northeast
taluses, a little from the top of the big sill near its east end, and there are
the usual small steam jets at the edges of the debris on the floor of the pit.

Salt coatings on the pit walls are conspicuous north of the southwest talus,

© on the wall between the south and south-southwest taluses, in small amounts

with streaks on the southeast rock bank, and along the top of the mnortheast
sill. As a whole the salt staining is not very strong.

The eracks where the trail crosses them back of the southeast rim are even
eooler than two weeks ago, although the wind is now northeast. Evidently the
cooling was not due to the direction of the wind. They are only faintly warm
and are without visible vapor except at places 50 or 60 vards south of the trail.

April 23. At 8:45 a. m. rocks were heard falling on the south side, and at
9:09 a. m. moré were falling on the east. A cireuit of the pit was made, but no
interesting change in conditions was noticed.

April 25. At 8:55 the cracks back of the southeast rim were steaming very
slightly, There have been a few more slides at the west hoss. A few rock
falls on the northwest side were heard, but on the whole the pit was quiet.

April 27. At 8:45 a. m. rocks were falling from the northeast wall. Sulphur
patehes have heen washed by rains. At 9 a. m. rocks fell at the northwest.

April 28. Large dust clouds over the Kau Desert, caused by strong winds,
were seen during the middle of the day.

April 29. At 8:30 a. m. the pit was very quiet with a few roek falls on the
north and southwest sides. Fresh white-stained rocks on the south talus indicate
that slides have occurred there.

April 30. There was dust from an avalanche over the north rim of the pit
at 10 a. m. At noon more dust was seen here and in the desert.

SEISMOMETRIC RECORD

There were 68 loeal earthquakes and one teleseism recorded on the Observa-
tory seismographs during the month ended at midnight April 30, 1927. These
and other phenomena are listed below., The time used is Hawaiian Standard
(time meridian is 157° 30" W.), which is 10 hours and 30 minutes slower than
Greenwich Time,

The greater number of the very feeble local shocks, counted in the list,
make such minute records that the character of the disturbance is not always
apparent. Some are true earthquakes; others are perhaps the parts of greater
amplitude of a continuous or protracted tremor, which at other times may be
too feeble to reeord; some seem to be records of vibrations set up by avalanches
in the pit of Halemaumau.
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Abbreviations used below are as follows: vf, very feeble; f, feeble; s, slight;
m, moderate; d, instruments dismantled; fl, felt loeally; A, indicated distance

in miles; ¥, continuous tremor.

Local Earthquakes
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Harmonic Tremor

This type of tremor was absent during the month,

Microseismic Motion

Tilting of the Ground
By weeks this movement was as follows, expressed as angular change and
direetion of motion of the plumb line:
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All exchanges, gifts to library, news notes about Pacific voleanic and
seismic events, and correspondence should be addressed HAWAITAN VOLCANO
OBSERVATORY, Voleano House, Hawaii.

The Observatory is operated by the U. S. Geologieal Survey, and its work
is supplemented by the Hawaiian Voleano Research Association. The main
station is on the northeast rim of Kilauea Crater. Subordinate seismograph
stations are operated by the Researeh Assoeiation under the direction of the
voleanologist in Kona, Hilo and Hilea.

The Kilauea station operates horizental pendulums of the Boseh-Omori type
and receives time by wireless from the Honolulu Naval Station. Observatory
Lat. 19° 25’ 54.3” N.; Long. 155° 15" 39.6” W.; Elevation cellar 1214.6 meters
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums.
Their seismograms are sent to the Observatory.

The Hawaiian Voleano Research Association founded the Observatory in
1911, transferring the plant to the Government in 1919, but continuing coopera-
tion in experimental work by furnishing funds and apparatus and workers as
needed by the Government Volcanologist. It is a corporation under the laws
of Hawaii, governed by a board of directors, and financed by the subseriptions
of its members and patrons. Its aims are identical with those of the Observa-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attraet vol-
canologie speeialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthquakes and the foundation of more voleano observatories.
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U. 8. COAST AND GEODETIC SURVEY CO-OPERATION
By R. M. Wilson

Through the co-operation of the U, S. Coast and Geodetic Survey there has
heen recently completed on the Island of Hawaii a considerable amount of
geodetic work that is of particular interest to the HMawaiian Voleano Ob-
servatory. These operations were in progress during the months of October,
Novemher and December, 1926, and were ended during the month of January,
1927, Tentative plans for future work have been made, which may be accom-
plished in the not too distant future if the continued interest of the Coast
Survey and other organizations can bhe counted upon. This work of the last
few months is here outlined, and a deseription of proposed future work is added.

Precise Leveling.

Aceurate elevations at the summit of Mauna T.oa are of interest for two
primary reasons. The topographic branch of the U. 8. Geological Survey has
need of sueh elevations for the control of its topographiec mapping. Through
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the Section of Voleanology, the Geological Survey is interested in these eleva-
tions in order to have a check on possible vertical movements of the surface
of the mountain due to voleanic or seismic causes. It has been shown that
such changes of elevation exist in the vieinity of Kilauea, and Mauna Loa is
certainly not less interesting than Kilauea from the \olc:umloglcql viewpoint.
At one of the meetings of the Pan-Pacifie Seientific Congress in 1920 a sugges-
tion was made that several lines be run to the summit, radially, from different
sides of the mountain, in order to check aceurately and discover by subsequent
re-runnings possible vertieal movements or tumescence, The one line run as a
begzmung, if it ean be re-run after a period of years, will show whether there
is information of value to be gained by this means. Several radial lines, all
to be re-run periodically, would, of course, give more complete data, but the
expense of such a program would be pro]lihitivu. The movements to be de-
tected are probably small; therefore, the most accurate type of work is neces-
sary. If in future runnings discrepancies are developed, it will be necessary
to know what faith may be placed in the aceuracy of the work before it is
possible to say whether these discrepancies are actual movements of the ground
or are merely errors in the surveys. For this reason the recent work was done
by the most precise of modern methods. The Coast and Geodetic Survey sent
Lieutenant Lansing G. Simmons, a man with experience, to take charge of the
work and to conduct it in accordance with the high standards of that organiza-
tion. The Coast and Geodetic Survey paid his salary throughout. Other ex-
penses and party salaries were borne by the Geological Survey; the part of
the work lying between Hilo and the Voleano House was paid out of the
appropriations of the Topographic Branch, while the Section of Voleanology
carried the expenses of the work from the Voleano House to the summit of
Mauna Loa.

It will be of interest here to describe briefly the instruments and methods
used in this elass of leveling. Detailed field instructions are given in Fﬁenal
Publication No. 18 of the Coast and Geodetic Survey. The instrom
is the heavy and stable prism level that is standard for precise wo
specially construeted to withstand temperature changes without change
adjustments. Tt has two eyepieces: one is the eyepiece of the telescope
which the readings on the rod are taken with the right eye. Th
can watch at the same time the level hubble in the second evepie
a prism and mirror system. Thus it is possible to make certa
instrument is exactly leveled at the instant that a rod reading is
reticule has in it three horizontal cross hairs, much like an engi
equipped to read stadia.

The rods are of one pi('f(‘. about three and a half meters long
wood, but with an inlay of invar metal upon which the graduations
This invar metal sh‘tp is fastened to the shoe of the rod, but
throughout its length hy the wooden body of the rod. The wood
and contract with temperature and moisture, hut the invar =
practically unchanged in length under all field conditions. Tk
graduated to centimeters, but readings are estimated to millimeters
is read where each of the three cross hairs in the instrument s
the graduations. The mean of these three readings is then used
to ecompute the elevations through the line. The differences obt
tracting the first reading from the second, and the second fh-:.
should be the same, since the cress wires are equally spaced. Tha
parison of these differences constitutes a check against errors
the rod. Also, these differences give the stadia distance from t
to the rod for each sight, which is used in keeping equal the £
sight distances in running the line, The rods have flat steel sho
upon iron pins that are driven into the ground for each turnin

In running the line two rodmen are used, so that the man at
need not wait for the rear rodman to walk ahead to the fore
One rodman is getting himself prepared to show his rod for
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while the other man is giving the back-sight., Thus the two rodmen alternate
in pesition as the work progresses, each holding his own turning point. In
addition to the two rodmen, the working party also includes a recorder and
umbrella man. The recorder sets down the readings called out by the instru-
ment man, and checks them against error; the umbrella man keeps the in-
strument shaded from the sun at all times, The line is double run by sections,
each few kilometers of progress is immediately checked by another running
of equal precision backward over the same ground. Forward and backward
runnings over each section must cheek within the limit expressed by the
product of 4 mm, into the square-root of the length of the section in kilometers.
If the two runnings fail to agree within this limit, further runnings must be
made until agreement is secured. The resulting mean difference of elevation
over each section is used in forwarding elevations along the line. In all
running, fore- and back-sight distances are equalized for each section. Perma-
nent bronze bench marks are established about every three kilometers, of
which the descriptions and elevations are published.

Lieutenant Simmons arrived in Hilo October 4, 1926, where he engaged
local men for his field party. K. Simeona, selected as recorder, had been in
topographic parties for several years, and was with Mr. Wingate during the
Geological Survey mapping of the summit region of Mauna Loa. The other
men selected—Horace Mizuno, Dean Stroup, Sam Punchu, Masamori Gushiken,
and Franeis Kwock—were for the most part inexperienced in survey work.
They served as recdmen, umbrella man, cook, and general utility man. - Lieu-
tenant Simmons ran the instrument himself.

The route chosen for the work was along the main road from Hilo, via
Olaa, Mountainview, and Glenwood, past the Hawaiian Voleano Observatory
and the Voleano House to the Kilanea Military Recreation Camp. Here the
Iine left the main road and went in past the Keauhou Ranch, thence up the
well known Mauna Loa trail, past Red Hill, to the northern end of Mokua-
weoweo Crater. The line then went around the west rim of the crater to the
triangulation station at the top of Mauna Loa. The work was not run con-
tinucusly in this order, however, as it was thought Dbest to do the higher
portion as soon as possible in order to avoid winter weather at the summit.
Lieutenant Simmons spent a few days in Hilo organizing and training his
party, at the same time connecting up some of the old established marks, On
Qctober 13 he moved his party up to Keauhou Raneh, with supplies and camp
equipment. The next day a pack train and saddle horses hired of Mr. A, M.
Brown, owner of the ranch, moved him up to the rest house at Red Hill.
From the 17th to the 21st the party ran levels from a point a few miles above
the rest house down past the rest house a few miles. On the 23rd, the pack
train went up to Red Hill with additional supplies, and the next day moved
the party into headquarters at ‘‘Hotel de Jaggar.’? This is a small caved-in
lava tube at the morthern end of the Crater of Mokuaweoweo and on the
summit plateau of the mountain. The pack train returned to Keauhou Ranch
on the 25th. From the 25th to the 31st of October the line was carried from
the summit down past ‘“‘Hotel de Jaggar’’ to the point at whieh work was
started on the 17th. The mules took supplies up to the party on October 29-30.
The pack train again went up the mountain on November 2, taking more
supplies, which were left-at the rest house. The next day the horses were
taken to ‘‘Hotel de Jaggar,”’ bringing Simmons and his party back to the
rest house at Red Hill. The writer went up with this trip of the horses,
viding to the top, but walking back, since on the return trip the animals were
leaded. © The party and its equipment were left at the rest house, and the
horses continued down the mountain to Keauhou Ranch, arriving there about
9:30 p. m,, November 3. The ‘‘Hotel de Jaggar’’ gave the men a certain
amount of shelter, but only limited comfort. Fuel had to be packed up from
below; water was to be had by breaking the ice in the erevices of the rocks.
The kitehen and commissary were established in the depression where the lava
tube had ecaved in, and was covered, by a tarpaulin. Blankets were unrolled
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in the tube itself, opening off from the ‘‘kitchen,’” a place with so little head
room that what comfort there was had to be crawled for on hands and knees.
Upon his return to the more commodious rest house, Lieutenant Simmons spent
a few days computing and check-running over some weak sections, The horses
went up on November 8, and the next day the party moved down to a camp
at the stone wall corner which marks the north angle of Kapapala Ranch lands.
Here they were below timber line, at about 6,500 feet in elevation. Work
was picked up where it had been left off a few miles below the rest house,
and so continued on down the trail. They made their final pack train’ move
down from this last eamp on November 17, and established themselves at the
Naval Reereation Camp. This was made their headquarters for the rest of the
running down the trail, and also for the fime the work was being carried
down the main road to Hilo. The line reached the Voleano House on November
26, and was tied in at Hilo on December 13. Some spur running was done
in Hilo on December 16 and 17 to connect with old bench marks, completing
the work.

Precise levels are ordinarily run along railroad tracks, or at least along
highways having fairly flat and even grades. This work over a mountain trail,
with such a steep grade, is very mueh slower than under usual conditions. It
is possible to gain only about nine feet in clevation, en the average, per setup
of the instrument. Counting hoth the forward and backward running, it was
necessary to set up the instrument about 2,200 times between the Volearno
House and the summit of Mauna Lea, a distance of about 30 miles. On a
railroad track this number of setups would earry the double run line over a
distance of about 145 miles.

Final results of the work have not yet been computed. The preliminary
values of certain elevations here discussed are based upon the elevation of a
bench mark in Hilo, as determined by the U. 8. Geologieal Survey in 1912.
These preliminary elevations are, therefore, subject to slight change through
change in datum, and because of the correction for rod constants not yet
applied. Of particular interest is the comparison of the new work with the
levelings done in 1912 and in 1921 over the main road between Hilo and
Voleano House. This is best seen in the following tabular form. The first
column contains the values resulting from the .double run line of 1912, The
second column gives the results of the single run line and island net adjust-
ment of 1921, and the third column shows the preliminary elevations of this
recent precise line, They are all three founded on the same datum at Hilo,
and their divergence either represents error in running, or actual change of
elevation of the ground. The large systematie divergence is almost certainly
due to the latter cause, and is the same sort of ground movement that has
been discovered to a still greater degree close around and within the Crater
of Kilauea.

Miles From End

Values of 1912 1921 1926-27 of Pier 1, Hilo

(RpEck s S e T i 6.183 3.1
359.643 359.643 ; 359.599 10.9
764.701 764.828 764.831 14.1
1266.435 1266.673 1266.682 17.2
2002, 342 2002.749 2002.768 20.4
3821.036 3821.840 3820.751 5[]
3973.090 3074.107 3972.026 32.5

Similar movements to these shown at IKilauea are probably alse taking
place at the top of Mauna Loa, and it is to be expected that subsequent re-
runnings of this preeise line to the summit will disclose their nature.

The value 3972.526 is the new preliminary elevation in feet above mean
sea level for the bronze tablet in the old monument across the road from the
Voleano House. On the same datum, the line gives 10,035 for the elevation
at the rest house and 13,653 for the summit of Mauna Loa. The old friangula.
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tion station near the summit is 13,601—a remarkable agreement with the old
vertieal angle elevation determined by W. D. Alexander for the IHawaiian
Government Survey, which was 13,650. Since stadia distances were read along
the line, and as the line in general follows the regular route of ftravel, there
results from the work a good determination of distances from Hilo. Thus
from the end of Pier 1 to the Voleano House is 32.5 miles; to the rest house
at Red Hill, 49.2 miles, and to Mauna Loa summit, 62.8 miles.

Gravity

From about the middle of September to the middle of December, 1926, the
simultaneous World Longitude Net was being measured. The U. S. Coast
and Geodetic Survey was participating in this work, with a party on Oahu,
completely equipped with radio receiving sets, a modern astronomic meridian
telescope, and gravity apparatus. When the World Longitude work was com-
pleted, these men were sent to the Island of Hawaii, at the request of the
Hawaiian Voleano Observatory, to determine the force of gravity at Hilo,
Kilauea, and Mauna Loa summit. The Coast and Geodetic Survey paid for
the work entirely out of their own appropriations.

Complete and detailed instructions for the measurement of the force of
gravity may be found in U. 8. Coast and Geodetie Survey Special Publication
No. 69. The force of gravity is measured by carefully timing the swings of
a special pendulum. The length of a pendulum and the force of gravity acting
upon it are the two factors that determine its rate of vibration. Thus if
the length of a pendulum is not changed, its rate of vibration will change
only with change of the force of gravity, and the amount of change of gravity
may be computed from the change in rate. The special pendulums used in
gravity measurements are very carefully timed at a standard station where
the value of gravity has been well determined, and they are thus calibrated.
In the field, at a station where gravity is to be determined, it is therefore only
necessary to determine how much faster or slower the pendulum swings at the
new station than it did at the ealibrating station. This will determine how
much greater or less the force of gravity is at the new station than at the
calibrating station. '

The pendulums ave very earefully handled and transported, as the slightest
change in their shape due to being bent or dented would change their mathe-
matical length and spoil the ecalibration. = Also, dirt or corrosion adhering to
them would affeet their calibrated length; for this reason they are handled
with tongs, and are never touched with the fingers. The pendulums are made
of invar metal so that they will change the smallest possible amount with
temperature ehanges. When observations are in progress, they are swung in
a metal ease from which air is exhausted to form a partial vacuum. Owing
to this reduced air friction and the perfeetion of the knife edges upon which
they swing, when they are started to swing through a small are the motion
will eontinue for more than twelve hours without further impulse.

The measurement of the force of gravity, therefore, becomes a problem in
accurate timing. The variations of gravity are small, and this timing must
be done with the utmost accuracy in order to detect these variations. The
pendulums are of such size as to make one swing in one-half second, nearly.
The problem is to determine this period as precisely as possible, and it is
done to within less than a millionth of a second. The pendulum is allowed to
swing for about twelve hours undisturbed, accurate time being taken at the
start and finish. If the duration of this swinging may be determined to within
a tenth of a second or better, this error of one-tenth of a second will be
divided among the number of single half-second swings the pendulum has made
in the twelve hours. Thus the error in the computed time of such a single
swing of the pendulum becomes only about a millionth of a second or less.

Before the use of radio for time signals, the best preeise method of meas-
uring time was by astronomic observations. The passage of stars across the
meridian gives a measure of time that is free from errors of any clock or
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Tide Observations

During July, 1926, Mr. Jaggar was in Washington, and at that time ar-
ranged with the U. S. Coast and Geodetiec Survey to establish a tide gauge at
Hilo. The instruments and equipment for this station arrived about the time
that Licutenants Brown and Bainbridge finished their gravity observations
in Hilo. They were iustrueted to install this tide gauge in accordance with
the specifications for standard stations of the Coast Survey. This was done
with funds furnished by the Coast Survey.

Specifications for installing such a gauge, and the instruetions for operation,
may be found in U. S. Coast and Geodetie Survey Speeinl Publication No. 26.
Briefly, the gauge is an instrument which records on a continuous sheet of
paper the height of tide at all times. The paper is moved forward by eclock
work at the rate of one inch per hour, sufficient paper being contained in each
blank roll to last for one month. A pencil, which moves at right angles to
the motion of the paper, is operated by means of a wire leading to a float
which rises and falls with the rise and fall of tide. This moving pencil thus
traces a curve representing the height of water plotted against time. By a
preper reducing mechanism, the motion of the pencil is only one-sixth the
motion of the float, so that the curve is not unduly large. F¥rom this curve
the heights and times of all high and low waters are tabulated. Tabulations
are also made showing the height of water hour by hour. From these tabula-
tions, the Coast Survey is able to calenlate the constants which are necessary
in predicting the tide at future dates and in construeting the tide tables in
current use by mariners. These tabulations also furnish data from which to
determine the elevation of mean sea level, which is the reference datum for
land e¢levations and is the starting point for spirit level lines.

The Hawaiian Voleano Observatory is interested in the data furnished by
this tide gauge for other reasons. As has been stated before, vertical motions
and ghanges of elevations exist in the vicinity of Kilauea. The whole Island
of Hawaii is subject to voleanic changes, and such risings and fallings may
well exist along its shore line. Amn example of such a movement, which
happened suddenly, was the subsidence in 1924 of the fault bloeck in Puna,
where a section of land and shore line settled about 14 feet (see Bulletin of
the Hawaiian Volecano Observatory, Vol. XTI, No. 4, April, 1924). Such move-
ments may be slow and of such extent that no stationary datum remains at
hand from whiech to measure them. Thus, referring land elevations to sea level
remains the only means at hand for their detection. In order to facilitate
this part of the observations, it has been arranged that the tide gauge records
from Honolulu shall be sent to the Observatory for comparison with the Hilo
records. Day-by-day comparisons will be made, whieh will in effect be simul-
taneous readings on the sea for elevation at Honolulu and Hilo. Each day
will give a value for the difference of elevation, as indieated by the ocean
water level, between the zero mark of the Honolulu gauge and the zero mark
of the Hilo gauge. Tide conditions, the difference of latitude of the two sta-
tions, wind effects, difficulty of reading definitely the elevation of rough ocean
waters, will, of course, cause this observed value to fluctuate, but in the long
run its mean should tend to he free of these errors. If no relative motion
exists between Honolulu and Hilo, it is probable that this difference of eleva-
tion will remain the same in its average year by year. If motion does exist,
its nature will perhaps be discovered by a change in this computed difference.
Aside from comparison with the Honolulu records, a rise or fall of the Hilo
shore line would manifest itself in the change of elevation of Hilo bench
marks as computed year by year from the Hilo records alone.

Another feature of the tidal observations ¢f equal value to the Observatory
ig the study of tidal waves or seismic sea waves. Many tidal waves exist
that are too small to be noticed by any means save a tide gauge. The study
of tidal waves in connection with local and distant earthquakes can be ex-
peeted to yield information of mueh value, not only to science, but to humanity
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as well. A tidal wave visited Tawaii and caused considerable damage on
February 3, 1923. (Monthly Bulletin of the Hawaiian Voleano Observatory,
Vol. XI, No. 2, February, 1923.) It was caused by a large earthquake, which
made its record within a few minutes on the seismographs of the Observatory.
Thus there was seismic warning of the danger some hours in advance. Warning
was given so that such preparation as the time allowed might be made. Mr. R.
H. Fineh, in an article published in the ‘‘Proceedings of the Second Pan-
acific Seientific Congress,”’ Sydney, Australia, 1923, describes this tidal wave,
and others that have come to the notice of the Hawaiian Voleano Observatory.
The title of his paper, ‘‘On the Prediction of Tidal Waves,”” represents a sub-
jeet that may well be studied to advantage.

It will be interesting to know the regions in which the occurrence of earth-
quakes is likely to produce tidal waves. Experience will tell what earthquake
intensities are dangerous from this point of view. Observations will show the
rates of travel of seismic sea waves over various depths of oceans, so that
predictions may be aceurately made. The use of a tide gauge makes possible
the aceurate study of many tidal waves so small as otherwise to escape notice,
vot whieh yield information of great value in predicting the larger and more
dangerous tidal waves.

Future Co-operation

Voleanie action causes horizontal movements in the vieinity of Kileauea
that can be measured by triangulation. These movements, considered with the
changes of clevation that are defected by means of level lines, give valuable
information as to the meechanism of the voleano. In the immediate vieinity
of Kileauea the leveling and triangulation has been done and repeated from
time to time by the Observatory staff. The movements so discovered along the
local fault lines may easily have their ecounterpart in movements along the
major rift lines of the island. The precise level line to the summit of Mauna
Loa may be used to eheck vertical changes along the northeast rift line of
that mountain. But to check motion throughout the whole region, triangulation
would be much more efficient. This use of triangulation is well known in
California, where measurements are being made along the active fault lines.
(““Earth Movements in California,’’ by William Bowie, U. 8. Coast and
Geodetic Survey Speeial Publieation No. 106.)

The TIsland of Hawaii was first triangulated about 40 years ago by the
Hawaiian Government Survey. If stations enough were occupied in a new
survey to form a large-figure net over the island, using old stations wherever
possible, and intersecting or otherwise tying in other old stations, there would
be several purposes served. First, if the accumulated motion of 40 years
aleng any of the rift lines has occurred in such magnitude as to rise above the
size of the probable errors of the surveys, it would be discovered and its
nature shown. Second, such a survey made with present-day accuracy would
make possible the discovery of still smaller earth displacements in the future,
at such time as aceurate resurveys may be made. Third, this accurate large-
figure net would be a strong framework upon which the old triangulation, at
present unadjusted, might be adjusted and strengthened. Fourth, many old
stations, as well as new ones, would be recovered and permanently marked,
thereby making them of real value in the cadastral surveys.

Simple triangulation would serve to diseover relative motion among points
on the island. But such a net should also be well focunded on geodetic datum,
with astronomie latitude, longitude, and azimuth stations, with at least one
aceurately measured base and with connecting figures to the other islands of
the Hawaiian group. This work is to be done on Oahu during the coming
season by Lieutenants Simmons and Bainbridge. It is hoped that the same
work may be done on the Island of Hawaii as soon as possible. The completion
by the Topographic Branch of the Geological Survey of aceurate contour
maps of the island will now make reconnaisance and figure-planning a com-
paratively simple matter.
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The tide gauge should certainly be continued for some years to come. To
determine mean sea level, the reference datum used by engincers in general,
requires the averaged results of observations over a long period of time. A
tide' gauge run of several years is mnecessary for an accurate determination.
Bach year will give added information as to shore line elevation and depression.
The more tidal waves that can be studied, the more surely will accurate predie-
tion be possible, looking toward the avoidance of damage from this eause at
the seaports in the future.

VOLCANIC CONDITIONS IN JUNE

Activity of Halemaumau

Kilauea Voleano lay dormant throughcut the month, Conditions in Hale-
maumau pit showed little change. There was the usual peeling of the walls,
termed slides when occurring in small amounts, and as avalanches when debris
fell in large quantities. A slight movement of the ground around the rim,
shown by fresh cracks, appeared indicative of changing pressure in the in-
visible lava.

Only six earthquakes were registered during the week ending June 8. Tive
were the ordimary very feeble local shocks, and the other, on June 2, was a
faint record of a distant .earthquake, phases of which indicated an origin
5,500 miles away.

About 1:30 a. m., June 8, parts of the island were disturbed by a shock that
had the effect of a swaying earthquake and was said by some to be accompanied
by a heavy boeming sound, like an explosion. Checking with the time is a
record on the seismogram of a very feeble earthquake, with indieated distance
to origin of 14 miles, which could not possibly have heen felt. Adding to the
mystery is the report by the Kilauea Voleano House night watchman that he
saw a glow, seemingly passing to the south, bright enough to illuminate the
flower gardens. The light preceded the shock by a few minutes. A plausible
explanation may be that a meteor fell and exploded, thereby ecausing eon-
cussion, as only concussion could have made the recorded shock perceptible.

Fleven very feeble loeal earthquakes was the count for the weck ending
June 15. In addition there were traces of minute spasmodic tremor on June 14
The normal microseisms were unusually feeble during the week.

During the next week the walls of the pit appeared to take on significant
activity, with slides at the rift tunnel on fhe southwest side and cracking of
the ground along the east rim.

Earthquakes for the weck ending June 22 numbered 15, none of which
was of sufficient intensity to be perceptible, but one, on June 19, showed 11
miles distance to origin. There was feeble trace of a teleseism at 8:40 p. m.,
June 16. Microseismic motion was very wealk,

Active working of the walls continued in the mnext and last week of the
month, and new surface ground movement was noticed back of the north and
northeast rims of the pit. Seismiec motion was extraordinarily slight, there
heing only nine very feeble loeal earthquakes recorded during the week ending
June 29,

JOURNAL, JUNE, 1927

June 1. 10:45 a. m. Fog and rain at the pit, and a pretty rainbow extends
to the floor. The walls are very quiet, only a rock or two heard falling. New
debris lies on the east, north, and south-southwest taluses, and the wall under
the west hoss looks more broken. A streak of dark gray dirt, perhaps colored
by wetness, runs from the niche just above the west end of the north sill and
crosses it.

June 2. Steam was dense this morning over the north and northeast walls
of the pit, due to the wet atmosphere.
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sune 4. A visit to the pit at 8:30 a. m. showed it to he very quiet, but
full of coloring from the raing wetting the walls.

June 6. The sulphur pateh at the southeast roek bank seems to have
inereased.

June 8. About 1:30 a. m. the watechman at the hotel saw a light thought
to have been made by a falling meteor, followed a few minutes later by =a
shock felt by many persons in the voleano district.

A visit to the pit at 10:45 a. m. showed little ehange. A few rocks fell on
the nerth side, making dust. Where a seetion of that wall has broken away is
shown the round end of an old pahoehoe tongue about 600 feet helow the pit
rim. Dustiness of the south wall indieates reeent sliding there. Steam vents
are less active, Dry spots on the scuthwest talus are conspicuous.

June 10. At 10 a. m, the pit was very quiet and dry, and there was very
little steaming. A few stones were heard rolling on the north and northeast
sides. The dry spots on the southwest talus continue to bhe conspicuous. The
large one up the center of the talus steams, but those near the foot do not,
but evidently are very hot. The coating of white salts has inereased on the
lower wall east of the southwest rift tunnel. At 10:23 there was a noisy fall
of stene at the southwest, Dust from a slide on the northeast side was seen
at 1 p. m. from the Observatory.

June 13, Conditions at the pit appeared quiet at 10 a. m. Yesferday’s rains
have made wet spots in the pit, most noticeable around the northwest talus.
They are steaming. There is a greenish tint to the wall at the west end of
the north sill, and the north talus is well sprinkled with red debris. The wall
above is very red. One slide was heard on the northeast side.

June 15. Steam vents at the pit were working moderately at 8:45 a. m.,
the largest jet being on the morthwest talus. More slides have occurred at
the north corner. Peculiar dark streaks lie at the top of the north talus,
probably due to wetness.

June 17. At 10 a. m. no change was noted in the steaming or the sol-
fataras. Some stones were heard rolling at the north side. At noon dust
¢louds stirred up by the strong wind were seen from the Observatory to be
high and thick over the desert, giving a smoky appearance.

June 19. Solfataras appeared brighter at 3:30 p. m. There have heen
additional slides at the north.

June 21. From the Observatory much dust from slides was seen over the
northeast rim of the pit arcund 9:30 a. m.

June 22. A visit at 8:50 a. m. disclosed new gray debris lying at the foot
of the wall between the northeast and north-northeast talus slopes. Slides
have been less frequent on the north wall, and white salts are forming there.
Slides were noted north, west, and southwest during this visit.

On this day eracks baek of the east rim were scen to have widened per-
ceptibly. ;

June 23. A high wind blew, and dust clouds obscured the desert all day.

June 24. Steaming was cnly very slight at all the vents, only one of which
was active on the lava floor, at the center. There was a dusty slide north at
10 a. m.

June 25. A count on this day showed seven sizable steam jets in the pit,
as follows: Center of northwest talus, top of north-northeast talus, three on
south-southeast talus (one of which has a large sulphur patch), small one at
southeast rock bank, with sulphur, and the one at the sulphur pateh on the
south talus. None of these works with any vigor.

A cirenit of the pit showed several new fractures in the ground baclk of
the mortheast rim, containing much heat. New eracks were also seen back
of the morth rim.

June 26. A large slide southwest was reported oceurring at 3 p. m.

June 27. Some stones fell from the north wall at 11:25 a. m. Dark wet
streaks were seen around the northwest talus, which were steaming.

June 28. Dust from a slide at the north corner rose at 3:05 p. m.



June 29. Steam vents were more active on the southwest talus, and there
was new red dirt on the south-southwest talus and below the walls around the
north talus, The pit was quiet; only two falls occurring during a visit about
2 p. m. The odor of spiey sulphur was reported at the southeast station at
10:40 a. m. :

June 30. A large dust cloud from a slide northeast arose from the pit
at 9:45 a. m.

SEISMOMETRIC RECORD

There were 45 loeal earthquakes and two teleseisms recorded on the ODb-
servatory seismographs during the month ended at midnight June 30, 1927,
These and other phenomena are listed below. The time used is IHawaiian
Standard (time meridian is 157° 30" W.), which is 10 hours and 30 minutes
slower than Greenwich Time.

The greater number of the very feeble local shocks counted in the list
make such minute records that the character of the disturbance is not always
apparent. Some are true carthquakes; cthers are perhaps the parts of greater
amplitude of a continuous or protracted tremor, which at other times may be
too feeble to record; some seem to be records of vibrations set up by avalanches
in the pit of Halemaumau,

Abbreviations used below are as follows: vf, very feeble; f, feeble; s, slight;
m, moderate; d, instruments dismantled, fl, felt locally; A, indicated distance
in miles.

Local Barthquakes

June
1 6:30 am. vE. 145 7:23 amm.vE: 22 7:18 a.m. vf.
20 Nd:50=pam: ke 4:33 p.m. vi. 24  5:54 a.m.vf.
3  7:44 p.m. vi 5:46 p.m. vf, 10:45 a.m. vi.
4 9:05 am.vf. 15 10:58 a.m. vf. 3:14 p.m. vf.
6 4:32 am, vf. 16  9:00 a.m. vf. 6:20 p.m. vf.
8 1 =20 ami vt 17  4:43 p.m. vi. 25 4:59 a.m, vf.
1:36 p.m. vi. 5:02 p.m. vf. 11:27 a.m. vf.
10 3:11 a.m. v, 5:27 p.m.vf, 11:31 a.m. vf.
9:37 a.m. v, 5:29 p.m. vf. 26 2:32 pm. vf.
11, 2:13 8. m. ¥, 11:12 pom: vE. 6:56 p.m. vf.
9:08 a.m. vf. 18  3:32 p.m. vf, 29 11:07 p.m.vi.
13 5:43 a.m. vf. 19, “7:11 am.vE A 11 30 9:59 am.vf
11:35 a.m. vf, 20 4:36 p.m.vf. 1:40 p.m.vi.
1:04 p.m. vf. 5:48 p.m. vi. 3:40 p.m, vf.
21  6:09 p.m.vf.
6:10 p.m. vi.
7:02 pam. vf. A 25
Teleseisms
June 2
eP 8:52:44 p.m, Distance approximately 5,520 miles.
8 9:02:57 pnvu
June 16
M 8:04 p.m. Record very faint and no phases could be

distinguished.
Harmonic Tremor
This type of movement was not recorded during the month.
DMicroseismic Motion

Microseisms were normal throughout the month.
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Tilting c¢f the Ground
By weeks this movement was as follows, expressed as angular change and
direction of motion of the plumb line:

78 Iy R B G S Wl £, 0.5 second NW,
Sie LEE L I e bR (i T S LR T SR
GO b O b e 1.2 A NNE.
LT 7 SRR Al Bl 0.7 % NNW.
EEO Tl Sl i e e 023" 0 SFaniN B

R. M. WILSON,
Topographic Engineer.
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All exehanges, gifts ‘to library, news notes about Paeifie voleanic and
seismic events, and correspondence should be addressed HAWATITAN VOLCANO
OBSERVATORY, Voleano House, Hawaii.

The Observatory is operated by the U. S. Geologieal Survey, and its work
is supplemented by the Hawaiian Voleano Research Assoeciation. The main
station is on the northeast rim of Kilauea Crater. Subordinate seismograph
stations are operated by the Research Assoeintion under the direction of the
voleanologist in Kona and Hilo.

The Kilauea station operates horizontal pendulums of the Bosel-Omori type
and receives time by wireless from the Honolulu Naval Station. Observatory
Lat. 19° 25" 54.3” N.; Long. 155° 15" 39.6” W.; Elevation cellar 1214.6 meters
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums.
Their seismograms are sent to the Observatory.

The Hawaiian Voleano Research Association founded the Observatory in
1911, transferring the plant to the Government in 1919, but continuing coopera-
tion in experimental work by furnishing funds and apparatus and workers as
needed by the Government Volcanologist. It is a corporation under the laws
of Hawaii, governed by a board of directors, and financed by the subseriptions
of its members and patrons. Its aims are identical with those of the Observa-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attract vol-
canologic specialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthquakes and the foundation of more voleano observatories.
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MAP AND STATION DATA

GRAVITY ANOMALIES ON HAWAII

In the number of this publication issued for June, 1927, the establishing
of three new gravity stations on the island of Hawaii was described. Data
obtained at three old stations established by the Hawaiian Government Survey
in 1892 are also reviewed there. The mew data have now been computed by
the Coast and Geodetic Survey, and the results from both old and new stations
are given in the following table. To avoid repetition, this table does not give
the latitude, longitude, and elevation of these stations, as that information was
given in the Bulletin just mentioned. The stations can easily be identified by
name. Data from two stations on the island of Oahu have been added for
comparison; they are called Honolulu and Niu, their elevations being six and
two meters above sea level. The first was established in 1892 and the second
in 1926.
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The table gives two values of theoretical gravity at sea level for the lati
tude of each station. Ome is from the 1901 formula of Helmert, the other is
computed from the 1912 formula of Bowie. The correction for elevation at
each station is given. The correction for the effect of mnear and distant
topography is shown, computed on the basis of complete isostatic adjustment of
the earth’s erust at a depth of 113.7 kilometers; the mean solid surface density
is assumed as 2.67, and ocean water density as 1.027. The application of these
two corrections to the theoretical sea level values of gravity gives the com-
puted values which represent the intensity of gravity to be expected at the
stations, presuming no local subsurface irregularities. In the column headed
‘“Observed Gravity’’ there is given the results of actual measurements at the
stations. Comparison of what is expected at a station and what is actually
observed usually shows a difference; these differences are the anomalies of
gravity, and are positive when the observed value is greater than the computed
or expected. The anomalies are thus indications of local irregularity of crustal
density or of imperfect isostatic adjustment; or are eaused by errors of observa-
tion or by the use of inexact formulas in computing the theoretical sea level
value and the corrections thereto. Loecal densities and conditions of isostatic
adjustment are known to be the major causes of the anomalies, and will be-
come more completely the causes as future improvements of formulas and field
methods are effeeted. The table gives three anomalies for each station; one
resulting from the use of the Helmert formula, another from the 1912 formula
of Bowie, and the third using Bowie’s formula but not taking into aecount
the correection for topography and compensation. The last is the “*Free Air’’
anomaly, and is largely of theoretical interest. The isostatic anomaly based
upon Bowie’s formula perhaps represents the more up-to-date conception and
is in form for practical application.

For details in the methods of computing the anomalies, and their use in
geodetic and geologie investigations, reference may be made fo Special Pub-
lications Nos. 10, 12, 40, and 99 of the U. 8. Coast and Geodetic Survey, or to
the book, ‘‘Isostasy,’”’ by William Bowie.

No application of these new figures has yet been made toward the deter-
mination of the densities of Mauna Loa, Mauna Kea, or Kilauea, though studies
in this direetion should prove of exceptional interest. Additional useful in-
formation will secon be available when the results of the observations made by
Dr. F. A, Vening Meinesz are computed and published. His measurements made
at sea will give the values of gravity over the submerged base of the Hawaiian
Ridge, and will also furnish an additional value at Honolulu.
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PRINCIPAL FACTS FOR GRAVITY STATIONS IN HAWAITAN ISLANDS'

Theoretical Gravity

Corrections for

Computed Gravity Observed Anomalies
Gravity
Name of Station Topog.

Helmert Bowie Elev. and Helmert Bowie Helmert | Tsostatic Free

Compen. (Bowie) Air
H onaTilnaeaier s ln e o 978.711 078.719 —0.002 —+0.162 978,871 978.879 078.946 +0.075 +0.067 +0.229
Mauna Kea (Waiau)...| 978.623 | 978.631 —1.229 +0.469 977.863 977.871 978.069 =+0.206 +0.198 | 4-0.667
Healgiehans SUbeRl. =0 o 978.617 | 978.625 026267 || e J .............. 2l LT R CAn e ] L S e PRSI ey
Rawaihae, sl.. .. oo, 978.636 978.644 = —0.001 -+0.138 | 978.773 978.781 | 978.812 ~+0.039 +0.031 -+0.169
Kilaten !« ranion o caine 0978.601 978.609 —0.374 +0.256 | 978.483 078.491 978.668 +0.185 +0.177 +0.431
Jaggar (Mauna Loa)...| 978.605 ' 978.613 —1.225 +0.483 ‘ 977.863 977.871 978.091 | 4-0.228 --0.220 +0.703
2 L R T o e 978.619 | 978.627 —0.002 +4-0.168 978.785 978.793 978.878 ‘ -+0.093 +0.085 +0.253
Nin (World Long. sta.). | 978.710 | 978.718 —0.001 +-0.162 | 978.871 0978.879 978.953 —+0.082 +0.074 +0.236




VOLCANIC CONDITIONS IN OCTOBER

Activity of Halemaumau

Slides and avalanches from the walls of Halemaumau pit continued fo be
the only visible activity of the voleano, exeept changes in the sulphur patches

and the white and yellow staining. There was little variety in the steaming.

The outstanding event of the month was the recording of an earthquake in
Alaska, described hereafter.

During the first part of the month the slides scemed mostly to be confined
to rather steady working of the northwest and southeast walls. They were
somewhat different from the customary intermittent slides from the north and
northeast walls, in that they were often so small as not to be visible, but yet
were continuous, making a low and slightly hissing or purring sound. Oecca-
sionally as rocks were disturbed the sound would grow louder. The northwest
talus beeame very much streaked with fine material. The slides ate a hole
into the wall at the top of the southeast talus.

The steady, fine slides ceased the second week of the month, and there was
again the mnormal, intermittent sliding and oceasional avalanching. Yellow
stains inereased on the smallest cone of the July eraption, and solfataras grew
conspicuous on the south and east talus slopes. New sulphur crystals formed
at the base of the south talus. About the middle of the month slides at the
south corner began to be prevalent, making a large, red scar visible from the
Uwekahuna Observatory.

Cracks along the east rim of the pit were measured from time to time, but
showed little movement. Some small new cracks were scen in the dirt back
of the south rim station.

Tilting of the ground during the month was mostly to the north and east.

The seismographs at the Hawaiian Volecano Observatory began to record the
Alaskan earthquake at 5:37:40 a. m. October 24, and continued for more than
an hour and a half. Because of confusion of preliminary phases and the
amplitude of the long waves, the epicenter of the shock was at first thought to
be located too near to be on land, perhaps in the Aleutian deep or under the
ocean off tlie Californian or Mexican coast. Warning was therefore given of a
possible tidal wave, which would be the result of a heavy shoek under the
ocean bed. When the time was past that the tidal wave was expected, it was
known that the earthquake must have been on land, Press reports soon began
to come in, stating that southeastern Alaska had felt the shock, where damage
was done to windows and telegraph eables. By computing from records of
several stations, the Jesuit Seismological Association located the epicenter on
land in the basin of the Alsek River, about 100 kilometers east of Yakutat.

Upon receiving warning of a possible fidal wave, several business establish-
ments along the waterfront in Hilo made considerable preparation to safeguard
their belongings, having in mind the disastrous tidal wave of 1922, and sampans
moved out to anchorage in deep water. Many stores and garages moved their
goods to the second floor, and dredging operations in the harbor were suspended.

An interesting phase in the record of this earthquake is the manner in
which a loeal shoek was superimposed on the L wave of the distant shoek,
shown in Fig. 42.

JOURNAL, OCTOBER, 1927

October 1. About 9:50 a. m. there was a faint, yet steady, sound of dirt
sliding under the southeast rim, growing louder as rocks took to tumbling.

Roeks fell from the north wall at 10 o’clock, also southwest at 10:35. The
north talus is sprinkled with white-stained rocks. New scars show on the
northern walls, espeeially at the northeast.

The walls appear very restless. There was over an hour of steady tremor
on the seismogram last night., Many bowlders have rolled out onto the lava
floor. There is little steaming anywhere in the pit.
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October 3. At 2:45 p. m. the pit was quiet, but dirt from slides was seen
northeast and northwest. A wide streak of fine material lay the full iength
of the northwest talus. At 3:03 came a slide of rocks from the north wall, and
at 3:16 sluggish slides oceurred at the west. From a point on the morth-
northeast rim the small southeast slides car be seen making a hole in the wall
at the top of the talus.

October 5. From 8:30 to 9 a. m. the southeast wall was still working, and
slides were observed on the other sides. Steam was escaping from the smaller
cone in irregular puffs.

At 10:27 a. m. a large dust cloud from an avalanche rose from the morth
corner of the pit and hung in the air for many minutes before dissolving. A
disturbance was recorded by the seismograph at this time.

October 10. At 9:30 a few rock falls were heard on the northwest side.
The talus slopes are dark with the wetting of recent rains, but there is not
much steaming. A hright red sear shows mear the top of the south wall. A
pateh of bright yellow sulphur has formed at the north edge of the south talus.
Yellow stains on the lava floor are quite pronounced.

October 12. There is much fine material deposited at the foot of the south-
east wall. The south talus is streaked with wet steaming spots. Fine material
lies also at the foot of the west wall, and slides could be heard there at 9:40
2., m. The east wall has been sliding.

Yellow stains are conspicuous on the small cone, but there is no steam.
Solfataras are visible at the foot of the east talus.

October 17. The pit was visited from 10 to 10:50 a. m., and a few slides
were observed. The north and northeast walls have new white salt coatings.
Wet streaks are conspicuous on the northwest and southeast taluses, though mno
rain has fallen for a few days.

October 19. From 3 to 4:30 p. m. the pit was mostly quiet, with one slide
at the south corner heard. A slide was reported in that corner as making a
new sear and showing dust.

There is fresh yellow sulphur at t]m base of the southeast talus, next where
the ledge touches the floor.

Small recent eracks were scen in the dirt near the south station, back from
the rim.

Abhout noon two dust whirls were seen on the eentral floor of Kilauea.

October 24. At 11 a. m. the pit was quiet and dry. A fresh avalanche
streak showed on the west wall. Tkere was a little steam at the middle cone
of the floor. Steam is now feeble at the wet places in the south talus, where
before the July eruption there was very dense steam.

October 26. The pit at 10:10 a. m., in bright dry weather, shows little
steam. The densest steam jet is on the north side of the northwest talus, and
there is a little steam and sulphur stain at north cone vent of floor. A fresh
avalanche streak shows from top to bottom of wall over the southwest talus,
and there is fresh wall surface from recent falls above the northwest talus.
The sulphur stain is inereasing at the bottom of the southeast wail, and fresh
fragments lie on the top of the south-southwest talus.

One small trickle of rocks was heard about 10:20 a. m.

October 29. Northeast wind; dry and sunny weather at 2 p. m. Much rain
last night, hut it has not increased steam in the pit. Slight steam jets appear
in the upper parts of the north, west and south taluses, There is increase of
vellow stain at north cene vent on floor, which steams. Only one jet of steam
was seen for an instant at the middle cone. Slight rock trickles were heard
north.

October 31. Dust from numerous northern avalanches was observed morn-
ing and atternoon.

SEISMOMETRIC RECORD

Phere were h-local eartiiguglrgisn=nl rsn ifples sion smaxaflap] | Sai @lcn Mt
tory seismographs during the month ended at mldmght October 31, 1927. "These
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and other phenomena are listed below. The time used is Hawaiian Standard
(time meridian is 157° 30" W.), which is 10 hours and 30 minutes slower than
Greenwich Time.

The greater number of the very feeble local shocks counted in the list make
such minute records that the character of the disturbance is not always ap-
parent. Some are true ecarthquakes; others are perhaps the parts of greater
amplitude of a eontinuous or protracted tremor, which at other times may be
too feeble to record; some seem to be records of vibrations set up by avalanches
in the pit of Halemaumau.

Abbreviations used below are as follows: vf, very feeble; f, feeble; s,
slight; m, moderate; d, instruments dismantled; fl, felt loeally; A, indicated
distance in miles:

Local Earthguakes

October
9:46 a.m. vf. 11 :28 p.m. vi. 20 8:54 a.m.vf.
6:09 p.m. vf, 27 pipi. el 10:05 a.m, vf.
2 7:34 am, vi. 142 pom. vE, - 1:30 p.m. vf,
8:02 a.m. vf. 11:20 p.m. v£. 2:49 p.m. vf.
3:04 pam. vf. 12 :00 a.m, vf. 3:30 p.m. vf.
4:29 p.m. vi. :39 a.m. vf. 6:57 p.m. vf.

:04 a.m. vf,
:09 a.m. vf.
:41 a.m. vi.
:38 p.m. vf.
:41 p.m. vf.
:69 a.m. vi.
21 a.m. vi: 22
:01 p.m. v£.

110 p.m. vi.

:06 a.m. vf.

54 a.m. vf. 24

5]
=

:03 a.m. vf.
:02 a.m. vf.
:32 pm. vi.
:10 p.m. vf.
:45 p.m. vf.
:37 p.m. vf.
:35 aam. vE.
:40 a.m. vf.
:10 a.m, v£.
144 pm. vf.
:20 a.m. f,

3  6:56-a.m. vf,

4 12:47 am. vf.

12:28 p.m. vf.

5 10:25 a.m. vi,

6 12:31 p.m. vf.
3:46 p.m, vi. 13

T 233 pamiae,

3:17 p.m. v{.

10:24 p.m. v£.

11:57 p.m. vf.
:02 p.m. vf. 15

= =
NMENSONEOH®WARNHGUIN OO MR HE-1GW

w
<&
=
LU DD TN WS IO 0o o -am

9 7:05 pm.vf. :15 a.m. vi. :28 a.m. vi.
8:06 p.m, vf. : 19 pom ot :04 p.m. vf.
10 10:57 a.m. vf. :35 pam: vf. 26 59 am. vf.
10:45 p.m. vf, 10:40 p.m. vf. 28 :38 a.m. £, A48, fl.
11 8:54 am. vf. 16 :06 p.m. v, :22 pm. vi.
11:04 a.m. vf. 174 A8:56 arm-wi: 30 :08 a.m. v, A25.
11:26 a.m. v{, :30 p.m. vi. 144 pom. vi.
12:16 p.m, vi. 19 12:10 a.m. vf. 31 :21 am. vf.
Teleseism
October 24 X
eP  5:37:40 a.m, The maximum amplitude of this earthquake as lere
SN 5:43:50 am. recorded was considerable, but the preliminary phase
SE  5:43:56 a.m. was emall and not easy to distinguish from mieroseisms.
Sr ? 5:46:43 a.m. The feeble local earthquake noted in the above list at
Sr ? 5:46:55 a.m. 6:20 a. m. was superimposed upon the record of the
L % 5:49:00 a.m, teleseism. The indicated distance is 2,730 miles.

Harmonic Tremor
This type of tremor was absent throughout the month,

Microseismic Motion
Mieroseisms were normal throunghout the month.

Tilting of the Ground 1
By weeks this movement was as follows, expressed as angular c¢hange and
direetion of motion of the plumb line:

Septemben 28:-0efo el s et s L 0.7 second NE.

Qotolerdl el .. R s Bt 068 & SR
£ TIPS = o e e el At 0.6/ 298 NN
£ L S e oo e Bt v N 0.7 ¢ ENE.
2 26-November il ooy ot e e 0.7 R R

R. M. WILSON,
Topographic Engineer.
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Black spot shows location of Observatory.

All exchanges, gifts to library, news notes about Pacific voleanic and
seismie events, and correspondence should be addressed HAWAITAN VOLCANO
OBSERVATORY, Volcano House, Hawaii.

The Observatory is operated by the U. S. Geologieal Survey, and its work
is supplemented by the Hawaiian Voleano Research Association. The main
station is on the northeast rim of Kilauea Crater. - Subordinate seismograph
stations are operated by the Research Association under the direction of the
voleanologist in Kona and Hilo.

The Kilauea station operates horizontal pendulums of the Boseh-Omori type
and receives time by wireless from the Honolulu Naval Station. Observatory
Lat. 19° 25’ 54.3” N.; Long. 1%55° 15 39.6" W.; Elevation cellar 1214.6 meters
(3985 feet). The Hilo and Kona stations operate horizontal pendulums. Their
seismograms are sent to the Observatory.

The Hawaiian Volecano Research Association founded the Observatory in
1911, transferring the plant to the Government in 1919, but continuing coopera-
tion in experimental work by furnishing funds and apparatus and workers as
needed by the Government Voleanologist. It is a corporation under the laws
of Hawaii, governed by a board of directors, and financed by the subseriptions
of its members and patrons. Its aims are identical with those of the Observa-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attract vol-
canologic specialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthquakes and the foundation of more voleano observatories.
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MAP AND STATION DATA

THE HILO SEISMOGRAPH STATION

After some preliminary reconnaissance in Hilo for a place in which to
cstablish a seismograph station, a site was chosen at the Brothers’ Sehool,
a little above the main part of town on Waianuenue Street. A small single
component seismograph constructed at the Volecano Observatory was installed
and was started on September 8, 1921, The records from it were found very
useful as an aid in locating the epicenters of island earthquakes when taken
in conjunction with the records of the Voleano Observatory and of the Kona
station. The instrument was located under one of the main reeitation build-
ings of the school, and was subject to disturbances when classes changed in
the room above. This caused the seismogram lines during the daytime to be
rather badly jumbled, but did not otherwise detract from the efficiency of the
records. The instrument was run almost continuously, at first in charee of
Brother Matthias, then after April, 1924, in charge of Brother J. B. Albert.
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Data from the station had proved so interesting that it was decided to install
a larger instrument with twe components in a part of the school grounds that
would not be so subject to local disturbances.

During August, 1927, work on the new installation was commenced. The
new site is in the south corner of the school grounds, which is distant from
the highways and school buildings and is, therefore, free from local disturbances.
An exeavation was made so that the walls of the building and the pier for
the instruments could be firmly founded upon solid rock. The instrument cellar
so made is of reinforced conerete with walls and roof six inches thick, all
cast at one time so as to make the construction monolithic. The inside dimen-
sions are eight by nine feet. The ceiling is ten feet above the floor at the
front side of the building and eight and one-half feet at the back. The floor is
ahout eight feet below the.outside ground level. A mnarrow flight of steps,
partly inside and partly outside of the conerete structure, lead down through a
door two and one-half feet wide and five feet eight inches high. The upper
steps are covered by a wooden vestibule, entered from ground level by another
door. The heavy construetion and the box-like shape give the structure extreme
rigidity.

The very considerable excavation was accomplished by boys of the Brothers’
School, and Brother Albert also arranged with county officials for gravel to be
" delivered on the job for use in making the concvete. Brother Albert and
Brother Leo did most of the earpenter work to finish off the details and fit-
tings of the building. For these free contributions of labor and material the
Brothers and pupils of the school and the County of Hawaii have the most
sincere thanks of the Observatory.

Mr. B. F. Rush was employed to assist in the design and to oversee con-
struction. Lumber for forms, Portland cement, and the labor of mixing and
placing the concrete were secured from the Hawaiian Dredging Company.
S. Oda was employed to build the forms. Thanks are also due to these firms
for the reasonable prices eharged and the helpful services given. The cost of
the building, paid from U. S. Geological Survey funds, was $383.

The new instruments were set up and started on September 15, Brother
Albert remaining in charge of the new installation. The Hawaiian type seismo-
graph used is the second of this design built at the machine shop of the Hawai-
ian Volecano Observatory, and is the same one that was on exhibit at the
Territorial Fair in Honolulu last year. The first of these instruments was sent
to Kodiak, Alasks, and was installed there last summer by Dr. Jaggar. The
instrument has been deseribed elsewhere, but a brief ouftline of its general
design may again be given here. It is a two-component instrument, both com-
ponents recording on smoked paper on the same drum. The inertia masses are
about 71.5 kg. in weight, and the computed static magnification is 130. The
masses are slung as horizontal pendulums by short piano-wire links, and have
been adjusted to seven seconds period. They are critically damped by oil
damping. The recording drum is 28.4 em. in diameter, 30.5 em. long, and is
revolved by an escapement clock mechanism so that the paper speed is 30 mm.
per minute. The constants as here stated are somewhat different from the
values given in Voleano Letter No. 142, where this installation was first de-
seribed. The changes are due to more aceurate tests made after that publica-
tion was issued, and to readjustments of the instrument. The two pendulums
are suspended one in the south, and one in the east corner of the room, being
fastened direetly to the concrete of the strueture itself at points of its maxi-
mum strength. The axes of the two components are oriented true north-and-
south and east-and-west.

Some difficulty was encountered during the first few weeks of operation of
the station due to excessive dampness. There was very little ventilation pro-
vided at first, in order to avoid possible air eurrents. Slight ventilation, how-
ever, was found necessary in order to carry off this dampness and prevent the
condensation of moisture on the upper parts of the walls and ceiling.
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The airline distance of this station from the Hawaiian Voleano Observatory
is about 23 miles. This furnishes an excellent base with which to piot distance
intersections for the epicenters of such loeal earthquakes as may record them-
selves at both stations. During the last two weeks of September the records
were mainly experimental while the various adjustments to the instrument
were being made. There were 13 loeal earthquakes recorded in October, and
an excellent record of the Alaskan earthquake of October 24 was secured.
Nine of the local earthquakes were also recorded at the Voleano Observatory,
so that most of them could be determined in position. During November the
new station recorded 12 loeal earthquakes and fhree teleseisms. The records
so far have shown themselves to be exceptionally free from local disturbances
and pen wanderings due to changes of temperature. Temperature within fthe
building is remarkably even due to the thick walls and the fact that the
building itself is shaded during most of the day from the direct rays of the
sun. Microseisms are recorded at most times, which attests the sensitivity of
the instrument.

VOLCANIC CONDITIONS IN NOVEMBER

Activity of Halemaumau

The activity of Halemaumau during the month was confined to slightly
changing conditions within the pit. There were the usual slides and avalanches
as parts of the walls erumbled and fell, sometimes making considerable noise
and sending up clouds of dust. These are always closely watched in order to
ascertain any changes in voleanie conditions portrayed by working of the
walls. An analysis of wall activity seems to indiecate that the slides vary in
frequency and intensity with the increase and decrease of pressure of the
magma within Kilauea Voleano. The walls appear to be more quiet when
there is a rise in the invisible lava column; when the ‘‘tide’’ reecedes, avalanches
are frequent because with the lowering of the pit bottom there is an inward
slumping of the walls, and are probably accentuated because of ‘‘stretching?’’
and loosening accomplished when there is pressure deep underneath. There is
also wall activity following a soaking rain, when the drying-out process loosens
the wall material. An attempt is made to ecorrelate the quiet and active periods
of the walls with the variations in ground tilt as measured by the seismographs
in the cellar of the Observatory on the northeast erater rim (see map on last
page).

There are a great many steam vents in the lava floor of the erater and on
the floor and walls of Halemaumau pit. The activity of these varies with con-
ditions of the atmosphere. Often in very dry weather there is little vapor to be
seen, while in protracted wet spells the steam is so thick as to hide all the
details in the pit.

A total of 191 loeal earthquakes and three teleseisms were recorded at the
Hawaiian Voleano Observatory during the month. The greatest number of
shocks recorded in one day was 29 on Novemhber 5. All are fully listed in the
Seismometrie Record. The tide gauge at Hilo recorded a small tidal wave
made by the distant earthquake of November 4, and a disturbance of the
water level was noticed by workmen on the breakwater about 9 a. m.

JOURNAL, NOVEMBER, 1927

November 2. Rainy and misty weather. The pit at 2 p. m. was a very
hrilliant red with iron oxides, and the new lava floor is blue black, with the
central and northern cones giving off vapor. Vapor on the taluses was increased
by virtue of the damp weather. A trickle of rock was heard at the SW.

The west wall and talus slopes show much more red oxide color toward the
bottom than toward the top of the wall. This is true all around, but the west
wall is the reddest.



November 5. At 3 to 3:30 p. m. the pit was quiet and the weather clear
and dry. Extraordinarily little steam; only small patches of visible vapor at
NW., SW., and S. taluses and the north cone. White steam shows at a hole NE.
of eentral econe. There is slight sulphur stain at the wet steam vent in S. talus
200 feet above the floor. Slight rock trickles heard 8. and N,

November 7. A considerable avalanche in NE. eorner of pit at 1:15 p. m.
was shown by dust rising.

November 8. Dust from slides N. and NE. at 8:30 a. m. hung in the air
for more than 15 minutes,

November 9. The pit was quiet at noon, and vaporing was slight. There
was new talus material NE., N, and SSW. A considerable noteh in NE. wall
has developed during the past summer.

November 11. At 2:40 p. m. rocks were sliding S. That wall is streaked
with dust from slides, and the NE. corner is scarred, one place just below the
rim. All walls are dry and dusty, and the floor thickly coated.

Rather continuous rock trickles S. were oceurring at 2:50 p. m.

The trail crossing crack at 14-ton bowlder has dangerously sunk, but the
erack itself has not widened.

A slide at 8. corner at 3:10 p. m. sent bowlders tumbling the full length of
the 8. talus. There have been many slides here.

The middle and northern cone vents steam steadily, and the S. cone steams
in puffs, perhaps accentuated by the dust of the slide.

November 13. The pit was quiet at 11 a. m., but the floor was covered with
tan-colored dust, thickest at the base of SSW. talus under the two funnels.
Nine tropic birds were flying around the lower of the two tunnels as though
nesting there. Difficult to see where is the sear left by the recent avalanches.
Appears to be either under S. station or a widening of the big avalanche of
September 9 at the SW.

The sulphur patehes SE. and E. are both still yellow, unmasked by dust.

At 9:40 p. m. and a few minutes later noisy avalanches were heard.

November 16. At 2 p. m. the pit was the same, the bottom was dusty and
very dry, and a small trickle of rocks was heard at the S. wall. The upper
south wall is eracked west of south station for 50 feet, and is ready to fall.
Very fresh eracks in dirt. Slides occurred NW.

November 19. At 4:15 p. m. the weather was clear, with light NE. wind.
Recent rains have washed away most of the floor dust of Halemaumau. Fresh
brown debris lies on the NE. talus. Roeks were heard falling once or twice
at the north. The pit is dry, with a little steam at the usual places.

During the forenoon much dust was blowing at the SW. rim of Kilauea
Crater.

November 23. At 11:20 a. m. there were no marked changes in the pit. A
little steam rose next the hole in the middle floor cone. The NI. talus had
fresh dark red debris from a wall sear of same color above.

The eracks formerly steaming around the automobile terminus seem to steam
much less at present.

The recent floor dust still shows in sunlight, but it has clustered in puddles
of dried mud.

November 27. At 11 a. m. the pit was steaming from walls in several
places owing to rain falling, as well as many places on bottom and taluses.
There are small falls of rock making dust visible from a distance these days.
Most of these are slowing stripping the N. and NE. walls.

November 29. A tall eumulus cloud remained over Mokuaweoweo, on Mauna
Loa, a large part of the day, and later there was a persistent possible fume
cloud.

-November 30. No change seen in Halemaumau at 9 a. m. There is still
avalanche dust on the south side of the floor. Awvalanches at the north make
dust occasionally, but no falls were heard at the time of visit.
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SEISMOMETRIC RECORD

There were 191 local earthquakes and three teleseisms recorded on the
Observatory seismographs during the month ended at midnight November 30,
1927. These and other phenomena are listed below., The time used is Hawaiian
Standard (time meridian is 157° 30’ W.), whieh is 10 hours and 30 minutes
slower than Greenwich Time.

The greater number of the very feeble local shocks counted in the list make
such minute records that the character of the disturbance is not always ap-
parent. Some are true earthquakes; others are perhaps the parts of greater
amplitude of a continuous or protracted tremor, which at other times may be
too feeble to record; some seem to be records of vibrations set up by avalanches
in the pit of Halemaumau.

Abbreviations used below are as follows: vf, very feeble; f, feeble; s, slight;
m, moderate; d, instruments dismantled; fl, felt locally; A, indieated distance
in miles; *, continuous tremor:

Local Earthquakes

November

1 3:16 a.m, f. A19. 5 12:20 am. vf. 12:43 p.m. vf,
4:52 a.m. vf. 3:10 a.m. vf. 7:28 p.m. vf.
7:31 a.m. vf, 6:05 a.m. vf. 10:04 p.m. vf,
2  2:04am. vf, 8:31 am. vf. 10:40 p.m. vf.
11:20 a.m. vf. 10:47 a.m. vf. 10:43 p.m, vf.
11:49 am, vf, 1:37 p.m. vf, 11:47 p.m. vf,
1:04 p.m. vf. 1:41 p.m. vf. 11 6:00 a.m. vf.
1:09 p.m. vf. A 16. 1:53 p.m. vf, G:05 a.m. vf.
1:19 p.m. vf. 2:06 p.m. vf. 6:07 a.m. vf,
1:27 pm. vi. 4:08 p.m. vf, G:09 a.m. vf.

2:57 p.m. vf. 4:21 p.m, vf. 6:10 a.m. f. A14 fl.
10:12 p.m. vf. 4:53 p.m. vf. G:41 a.m. vf,

3 12:15 a.m. vf. 5:05 p.m. vf. 6:44 a.m. vf. A16.
2:38 a.m. vf. 5:37 p.m. vf, 8:59 a.m. vf,
3:37 am. vf, 5:40 p.m. vf, 9:01 a.m. vf.
4:53 a.m. vf, 5:47 p.m. vf. 10:59 a.m. vf.
5:30 am. vf. 5:54 p.m. vf, 12 12:22 a.m.vf.
7:10 a.m. vf, 6:09 p.m. vf. 12:24 a.m, vf,
7:19 a.m. vf. 6:23 p.m. vf. 1:12 a.m. vf,
7:59 a.m. vf, 6:56 p.m. vf. 9:15 a.m. vf.
8:29 a.m, vf, 6:59 p.m. vf. 12:18 p.m. vf.
10:34 a.m, vf. 7:30 p.m. vf, 3:12 p.m. vf.
12:32 p.m. vf, 7:51 pm. vf. 4:03 p.m, vf,
1:48 p.m. vf. 8:22 p.m. vf. 13 9:48 p.m. vi,
4:30 p.m. vf, 8:28 p.m. vf. 14  1:40 a.m. vf,
6:15 p.m. vf. 8:57 p.m. vf. 5:05 a.m. vf.
4 1:55 a.m, vf, 9:02 p.m. vf. 6:50 a.m, vf,
2:02 a.m. vf. 9:20 p.m. vf. 11:09 a.m. vf,
2:22 a.m, vf. 9:38 p.m. vf. 11:49 a.m. vf.

3:19 a.m. vf. T T:23 am. vE, A5 1:39 p.m. vf. A25.
4:04 a.m. vf, 9:13 a.m. vf. 1:48 p.m. vf.
9:21 a.m. vf. 2:21 p.m, vf, 1:50 p.m. vf.
10:57 a.m, vf, 8:12 p.m. vf. 4:17 p.m. vf.
11:00 a.m. vf. 8 2:54p.m.vf. G:41 p.m. vf.
3:01 p.m. vf, 5 v, 15 7:30 a.m. vf.
5:37 p.m. vf. g B . vi, 1:16 p.m. vf.
6:05 p.m. vf, 10 12:56 a.m. vf. 4:04 p.m. vf,
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Teleseisms

November 4

eP
?
S
Sr
L

November 1
eP 10:06:

:48 p.m.
:22 p.m. vi.
:00 a.m.
:01 a.m,
:02 a.m.
:05 a.m,
;08 a.m.
:10 a.m.
113 a.m.
114 a.m,
:16 a.m,
17 am.
:20/a.m.
;21 a.m.
122 a.m.
:24 am.
125 a.m.
:26 a.m.
:27 a.m.
;28 a.m.
:30 a.m.
:35 a.m.,
:50 a.m.
:20 a.m.
:14 p.m.
:25 p.m.
:54 p.m,

e L w
©3 G oo oo b
Tt o=

vi.

vi.
vi,
vi.
vt.
vi.
vf,
vi.
vi.
vi.
i i
vi.
vi.
vi.
vi.
vf.
vt
v,
vi.
vi.
vi.
vf.
vi,
vf.
vi.

November 18

SorL 8:

Harmonic Tremor
This type of tremor was absent throughout the month.

Microseismic Motion

17 2:06 a.m. vf.
4:50-4:55 a.m. vf *
5:02-5:07 am. vf *
05 a.m. vf.
11:20 a.m. vf.
5:10 p.m. vf.
:36 a.m. vi,
:55-4:00 p.m. vf ¥
:46 p.m. vf.
:46 p.m, vf,
:31 pom. vi.
:14 a.m. vf.
3:02 a.m. vi.
:01 a.m. vf.
:06 a.m, vf.
:11 a.m. v£f.
16 a.m. vf.
:26 a.m. vf.
+31 a.m, vf,
:29 a.m. vf.
©11-12:13 pm. vi. *
159 pam. vi.
:19 a.m. vf.
:12 a,m. vf,
:50 a.m. vf.
:10 a.m. vf.
:37 a.m. vE. AS.

U

o

18

—

oSOt

19

—
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5:36 a.m.

9:12 a.m.

22 11:57 p.m.
23 11:12 a:m.
2:58 p.m.

25  5:50 a.m.
9:36 a.m.
12:44 p.m.
11:16 p.m.

26  6:52 a.m.
27° 8:49 a.m.
9:01 a.m.
10:26 a.m.
1:24 p.m.

28 11:44 a.m.
12:57 p.m.
3:09 p.m.

3:40 p.m.

29 12:17 a.m.
145 p.m.

55 a.am.
3:13 a.m.
7:49 a.m.

10:21 am. v
4:03 pm. v

11:37 p.m. v

v,
v,
vf.
vi.
vi.
vi.
i
vi.
vi.
vi.
v,
vl
vi.
vi.
vi.
vf,
vi.
vi.
i 54
vi.
vf,
vi.
vi.

This teleseism caused a small tidal wave in Hilo,

detectable only on the tide gauge.
tance to origin is 2,440 miles,

is 3:20:32 a. m. Hawaiian Time.

No other phases recognizable.

Very feeble record.

Miecroseisms were stronger than normal on November 15 and 16.

Tilting of the Ground

Indicated
The time at origin

dis-

Very feeble record.

By weeks this movement was as follows, expressed as angular change and
direction of motion of the plumb line:

October 26-November 1

November
ic
(¥4
i¢
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NE.
NE.
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T. A. JAGGAR,
Voleanologist.
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All exchanges, gifts to library, mews notes about Pacifie voleanic and
seismic events, and correspondence should be addressed HAWAITAN VOLCANO
OBSERVATORY, Voleano House, Hawaii:

The Observatory is operated by the U. S. Geological Survey, and its work
is supplemented by the Hawaiian Voleano Research Association. The main
station is on the northeast rim of Kilauea Crater. Subordinate seismograph
stations are operated by the Research Associantion under the direction of the
voleanologist in Kona and Hilo.

The Kilauea station operates horizontal pendulums of the Boseh-Omori type
and receives time by wireless from the Honolulu Naval Station. Observatory
Lat. 19° 25" 54.3"” N.; Long. 155° 15 39.6” W.; Elevation cellar 1214.6 meters
(8985 feet). The Hilo and Kona stations operate horizontal pendulums. Their
seismograms are sent to the Observatory.

The Hawaiian Volcano Research Association founded the Observatory in
1911, transferring the plant to the Government in 1919, but continuing coopera-
tion in experimental work by furnishing funds and apparatus and workers as
needed by the Government Voleanologist. It is a corporation under the laws
of Hawaii, governed by a board of directors, and financed by the subseriptions
of its members and patrons. Its aims are identiecal with those of the Observa-
tory, namely, (1) To keep record of Hawaiian voleanism, (2) To attract vol-
canologic specialists to Hawaii, and (3) To promote worldwide knowledge of
voleanoes and earthquakes and the foundation of more voleano observatories.

89















































