
PREFACE 

The Volcano Letter was an informal publication issued at irregular intervals by the Hawaiian Volcano 

Observatory (HVO) during the years 1925 to 1955. Individual issues contain information on volcanic 

activity, volcano research, and volcano monitoring in Hawaii.  Information on volcanic activity at other 

locations is also occasionally included.  

To increase accessibility of this resource, previously only available in print format, this compilation was 

scanned from the highest quality Volcano Letter originals in the HVO archives. Optical Character 

Recognition (OCR) was run on the entire file. In addition, the file size was reduced by making it 

compatible with only Adobe Reader v. 8 and later. The scanning was done by Jim Kauahikaua and the 

quality control and posting was done by Katie Mulliken, both current staff at the Hawaiian Volcano 

Observatory. 

Originals of the first three Volcano Letters could not be found so copies plus the Title Page and Index for 

1925 have been extracted from an excellent scan of Volcano Letters for 1925 to 1929 available in 

Books.Google.com 

The Volcano Letter was published by HVO through multiple changes in administration, including the 

Hawaiian Volcano Research Association (1925-1932), the U.S. Geological Survey (1932-1935), the 

Department of the Interior (1935-1938), and the University of Hawai‘i (1938-1955).  Issues 1–262 were

published weekly from January 1, 1925, to January 2, 1930, and consisted of a single page of text. Issues 

263–384, also published weekly, from January 9, 1930–May 5, 1932, were generally longer—four-

pages—and provided more detail on volcanic activity, including photographs, maps, and plots. Weekly 

issues 385–387, published May 12–26, 1932, were a single page of text due to budget reductions 

brought on by the Great Depression. Budget restrictions reduced the publishing frequency to monthly 

for issues 388–428, covering the period of June 1932 to October 1935; these issues were generally 

shorter, 1–2 pages, and sometimes featured figures. From November 1935 to July 1938, issues 429–461 

remained monthly but increased in length (generally eight pages) and featured figures frequently. Issues 

462–530, published over the period of August 1938–December 1955, varied in length from 2–15 pages, 

but were published quarterly, rather than monthly.  

Six of the letters are misnumbered: 

Jan. 21, 1926 number is 55 though it should 56 

July 29, 1926 number is 82 though it should be 83 

Feb. 16, 1928 number is 161 though it should be 164 

May 31, 1928 number is 197 though it should be 179 

Nov. 29, 1928 number is 204 though it should be 205 

For background information on the Hawaiian Volcano Observatory: https://pubs.usgs.gov/gip/135/ 

The Volcano Letter publications are also available in print: 

Fiske, R.S., Simkin, T., and Nielsen, E.A., eds.,1987, The Volcano Letter, No. 1-530. See 

https://www.si.edu/object/siris_sil_328087 
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The large northeastern fountains of lava in the bot­

tom of Halemaumau pit, Kilauea Volcano, on the

evening of the first day of the eruption, December

23, 1931. from the north-northwest rim, 7:30 p. m.

Photo Higashida.

JOURNAL OF HALEMAUMAU ACTIVITY
DECEMBER 28-JANUARY 3, 1931-32

It is now evident that tbe activity of the bottom f Hale­
maumau in tile current ruption is stronger, and the Java
fill more yoluminous than in any outbreak since 1924. The
current week brings to a clo e the eleventb day of the
eruption with the fill at the highe t southwestern sid of
the bottom of the pit at an elevation 110 feet above the
corresponding floor of 1930. The progre s of the week has
determined a concentration of all visible inflow at the big
southwestern grotto, where the laya piles up a horse hoe
cone with au open cup overflowing to the floor of the pit.
Til topmo t spatter of thi.· cone stands 2 0 feet above the
highest summit of the cone of 1930. and only 650 feet be·
low the touri. t station at the southeast rim of the pit. The
line of central fountains disappeared after December 29,
when it became vWent that the southwest border of the
floor was to become the top of a new mound from which
flows would radiate a TOSS a swollen heap of fresh lava in

the pit, and these flows have themselves developed a lake
at the top of the mound bordered by a rampart of crusts
which divides the lake at the southwest from the sl pe
down to the edge of the floor at tl e northeast. This lake
is continually fed by the torrents of lava from the faun ain­
ing craterlet, and from time t time the lake breaks
throngh its rampart with o\'erftows that flood the northern
slopes of the mound. Seismic activity as usual has dwindled
sin e the magma was released, harmonic tremor from the
fountains is continuous, and the change in tilt from north­
east to southwest at the Observatory is what would be ex­
pected with the lava ejection relieving upward PI' ssure
and replacing it by heavy weight of new fill.

December 28

At 11:20 a. m. the concentration ot' activity at the big
southwest fonntain was sending frothy jets 350 to 400 feet
high and spattering halfway up the west talus. The ma­
terial appeared to be basaltic froth, and in dimensions and
structnre the whole cone and fountain were like the Alika
source cone of 1919 on Mauna Loa (Volcano Letter 348,
Page Three). Heat was strong on the edge of the pit, and
this grotto fountain played like a jet from a hose. wing­
ing slowly around a entral vertical position, and dropping
its light spatter first on one side, then on another. The re­
semblance to the Mauna Loa source cone was increased by
the action of the minor fountains in the cen ral lake and
the two explosive vents, at the north, of the fountain iine,
which are making extraordinary flings of ropy lava to a
great height, and detonations accompanied by puffs of
blue gas. Just these things happened in the northern
cones of the Alika rift, in contrast to the big fountain, with
its frothing pool, farther south.

The central fountain was a bubbling pool which occasional­
ly sent up a string of slag ven higher than th steady
spray of the southwest cone, and this stl'ing would loop
and bend at the top, and then fall with a slap on the pool
below. Both the central fountain and the one farther north
made explosive bursts with loud thudding detonations,
some of which sounded like a chemical explosion. At the
area of the northern fountain there were three definite
streams pouring northward on a downhill slope from an
edge of crust. indicating that a lake had formed within a
slag heap. About 18 fountains of small size extended from
the center to the southwest.

The whole area of the northern edges of the floor was
cracked and mashed into pressure ridges like the slopes
of the mound of 1930. There were four or five jets ot'
blue fume in this slope area. A wide patch of crust made
an island about where the big cone of 1930 had b en. The
lake was leaf·shaped with the outhwest fountain at the
. tem, and the latter was building a high, cracked halt'
circle of its hardened Rin s' on th uphill side against the
talus behind it. The inside of its cup would continually
cave in revealing red-hot walls. Measurements had shown
a gain in height of the built·up bottom of 100 or more feet
at the southwest, and only 40 feet to the northwe. t of the
center of the pit, showing that there was development by
both overflow and tumescence around the region of maxi­
mum fountain ina. A cloud of blue fume was always 1'i ina
from the big fountain, and small r amounts of it came from
the other fountains.

A nationwide broadcast was sent out from the edge of
the pit describing the activity for the half hour following
10:45 a. m.. by KGL' of the Honolulu Advertiser. A micro­
phone attached to the end of a long timber was thrust in­
side the pit 0 that listeners might hear the roar of the
big fountain and the explo ive bursts of the central and
north central vents. The arrangement of this apparatus,
with wire for relays; by radiophone, had been accom­
plished in less than a day, and was of interest as showing
what could be done for securing a sistance in cas such
a volcanic happening were disastrous.

;-':ew cracks \I'ere discovered in the bottom lava of Ki-
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Panorama of the bottom of Halemaumau at 10 a. m. December 24, 1931, looking northwest. This shows the con·

dition when the line of central fountains was in action, the liquid was a continuous lake except for a narrow border

rampart, and the southwest grotto at the left was small. Photo Jaggar.

lauea Crater outside of Halemaumau, occasioned by the
stresses which produced this eruption at the time of the
earthquake of December 23, as follows: Three cracks con·
centric with the rim to the northeast and seven cracks
concentric with the rim to the northwest within 500 feet
of distance. Close under Uwekahuna bluff in the same
direction appeared nine similar cracks as though the inner
heap of Kilauea Crater were broken by motion on the fault
of which the Uwekahuna bluff is the trace. The west,
southwest. and south outer country of the Kilauea floor
showed widening of old cracks and development of some
new ones. Large blocks of spatter from the fountains were
found to leeward of the pit, and a wounded tropic bird was
picked up which had been dashed against the pit wall by
the wind and was bleeding. The earthquake of December
23 had dislodged a bowlder three feet in diameter from the
Uwekahuna wall and rolled it 200 feet out on tlie Kilauea
floor. Sever:ll new steam vents were noted about the inner
talus heaps of Halemaumau.

At 4 p. m the southwest grotto fountain had a quiet spell
jetting only about 50 feet high, and along the inner belt
there were only two sluggish small fountains southwest of
the center. Sluggish lava flowed from the grotto. At 9
p. m. for about a half hour the southwest grotto was merely
bubbling, but later it renewed activity. The rift fountains
in the lake had almost disappeared.

December 29

At 8:30 a. m. the southwest fountain had completely re·
vived, th pit had been bright at night, and the central
fountains had gone out 01' action. Flows were pouring
over the floor :Il two streams from the southwest half·cone,
and at this lime the northern edges of the floor appeared
slumping in ward, amI the southern edges were being built
up and the southern half of the floor was evidently becom­
ing a mound. The flows spreadiug out on the floor were
meandering in leaf-like forms and there 'was nothing that
could be called a lava lake except the pool surrounding
the fountain inside the cone, which was hemmed in by an
island of half-hardened lava that divided the two streams
in front of it. At 8 p. m. the situation remained the same
except that only the western of the two torrents from the
cone was open.

Elevations above sea level of various points inside Hale-
maumau were as follows on December 29:

Summit Southwest Grotto 2860 feet
Edge lava in front of grotto 2764 feet
Southwest floor level of pit 2763 feet
Small cone center of pit 2761 feet
West bay of floor 2744 feet
Northwest bay of floor 2743 feet
Northeast bay of floor 2740 feet
Interior floor northwest 2738 feet

It will be seen by these figures that the southwest grotto

was 96 feet high, the small central cone was seven feet
high by a measurement taken on a point beside it (2754
feet), and the maximum relief of the bottom area between
a sagged portion of the north west floor and the top of the
southwest grotto was 122 feet. There had been a slump
of from 5 to 10 feet over most of the northern floor and
overflows were slowly filling the collapsed area.

December 30

At 8: 30 a. m. the fountaining at the southwest grotto
continued to fluctuate and as on the previous evening the
torrent from the craterlet was pouring to the west of the
island in front of it and spreading over the crusts of pre­
yious flows. There were some trickling flows at the north­
west edge of the uew fill, but otherwise the northeru floor
was now inactive. The last gas puffs from the central
vents had been noticed on the afternoon of December 29.

At 3 p. m. the two torrents from the southwest craterlet,
cascading on each side of the island in front of the open
eruptive amphitheater, had reasserted themselves as glow­
ing streams, the eastern one pouring from under a crust.
The puddled flows in front showed the usual bright-line
pattern radiating from the two inflows, with numerous
islets of accumulation. and enough building around the
edges of the big puddle (covering the greater part of the
southern half of the floor) to produce the effect of 20 over­
flow streams out from the edges of the lake of lava. This
was to develop into a definite leaf-shaped lake with ram­
parts about its bonIer, and with th southwest grotto for
its source well.

At 8 p. m. the fling of the big fountain was continually
falling on the outside of the cone, while the bombardment
and overweighting of the inside caused red·hot avalanches
into a pool beneath. Two torrents poured east and west
of the island in front, but the western one was now arched
O\'er with crust at its narrowest part, with a cascade pour­
ing from the froth pool in under the crust.

During these days a single, thin column of blue smoke
from the fountain rose high above the west rim of the pit
making a cumulus of raiiJ. moisture above, thin on a sunny
morning, thick and spectacular in the moist evenings. The
sun in late '1fternoon here and in Kona appears like a red
ball through the fume. The nights show spectacular glow­
ing cloud eff~cts over the pit, with the glow waxing and
waning. No fume obscures the view.

December 31

At 9: 30 a. m. it was evident that the area of flows was
widening in front of the southwest fountain, and that the
cone was growing. Only the west cascade appeared as an
open channel. Some jets from the fountain appeared to
go up 400 feet. There were frontal streams at the north
and northeast edges of the heap. The activity appeared
somewhat greater than on the previous evening.
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January 1

At 11 a. m. the lake over the southwestern part of the
floor ontinued to enlarge. The floor was now getting to
be a mound with concentric ridges and ramparts within
the northern half of the area and many racked areas. The
outer edge is like a spoon with some inward slope. The
top of the m~)lllld is at the southwest and the big fountain
is building it up with a lake at the crest. Much pumice
has been found iu the country outside of Halemaumau to
the southwest, some of the pieces two to three inches
across. In the night following this day the glow over the
pit was very bright, and 'as added to by the development
of el ctrical storms on the mountains which produced snow
on Mauna Loa and :Mauna Kea.

January 2

At 9 a. m. the activity appeared to be as strong as ever.
At 10: 30 a. m. it wa evident that the lake in front of the
fountain had definite border ramparts where some lava
spilled over, the pool covering about one-third of the floor.
The spatter rims of the grotto had built out about 150 feet
from the large western talus, forming a typical Mauna Loa
]lOrseshoe cone with the main channel about 100 feet wide
above where it divid s about islands into cascades. Ap­
parently the weight of th lake accumulations was causing
the sunken northern area to rise. and measurements de­
tected slight rising again t the walls of the pit. Thi is
the isostatic effect, frequently noticed a decade ago, when
the bench magma is weighted down on one side and the
<>ther side rises. At 3 p. m. the fountain was smaller and
more like normal Kilauea lava. The lake was scalloped
with two big flows through its rampart. At S p. m. ther

was much cracking and f undering of crusts in large fields
of hal i-hardened lava to the north of the lake. The lake
overflows were in wide streams on top of these fields.

January 3

At 11 a. m. a single wide cascade was flowing toward the
east, the ramparts around the lake were continually push­
ing out and being overflowed, and the fountain was more
sluggiSh. T.A.J.

KILAUEA REPORT No. 1041

WEEK E. Dl~G JAKUARY 3, 1932

Section of Volcanoloay, 1.:. S. Geological Survey
T. A. Jaggar, Yolcanologist in Charge

The outbreak of Halemaumau pit in Kilauea Crater
which began December 23, 1931, has produced a more
voluminous fill than in any outbreak since 1924, and has
brought the middle of the floor to an elevation less than
900 feet below the tourist station on the rim of the pit.
Th fill at the southwest on the eleventh day of the erup­
tion was 110 feet above the corresponding floor of 1930,
and the highest spatter on the talus beside the big source
cone is about 650 feet below the southeast rim of the pit.

The centl-al fountains disappeared December 29, the
southwest grotto became a source cone for flows which
built up the floor into a mound, and this activity still con­
tinues, with a lake built in front of the cone acros, the
southern half of the bottom of the pit. The cone became
an armchair niche 100 feet high with ascades pouring ut

Halemaumau by evening light at 5:30 p. m. December 26, 1931. looking west, showing the growth of the southwest

grotto at the expense of the central fountains and the co ncentration of the lake in a crescent in front of this grotto.

Photo Powers
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Halemaumau pit as a whole seen from the highest west bluff of Kilauea Crater on the first evening of the eruption

of December 23, 1931, about 5 p. m., when blue-brown fu me was puffing up from the big northeastern fountains in

intolerable clouds of sulphurous gas. This stopped early the next morning. Photo about two and a quarter hours

after the outbreak by Maehara.

of it to make a golden pattern of streaming across the lake.
The latter made overflows about its edges, and so weighted
down the heap as to cause some swelling up on the op­
posite side of the bottom area. On December 29 there was
difference of elevation across the bottom ;'0 that the bouth­
west cone was 122 feet higher than the northern floor. The
inflow fountain diminished in size.

Harmonic tremor at the seismographs has been inces­
sant. One feeble local seism December 30 at 11:18 p. m.
was felt and indicated origin distance 14 mil s. It was
felt strongly at Puu laula on north ast slope of Mauna
Loa at ele\'ation 10,000 feet. Three very feeble shocks
occurred, of which one was felt. time 2: 20 a. m. January 3_
MicroseisIIls have been heavy, and tilt was moderate SW.

cano. also at Hilo, and at Kealal<ekua in Kona District. It
keeps a journal of Hawaiian VOlcanic activity and publishe9
occaHional Bulletins.

:\lembership in the Hawaiian Vokano R search As.ociation Is
limited to patrons of Pacific science who desire personally to­
aid in supporting the work.

The work of "oleano I' sear h so supported is in collaboration
"'ith the work of the united tates Geologi al Survey, but sup­
plements it with buildings, research fellows, instrumental plants,
explorations and special investigations for \\"hich there is n()
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cano stations in Alaska, California and Hawaii.

Thp Roard of Directors incluc](':; Arthur L. Dean, Presir]ent;
Prank C. Atherton and \Valter F. niJlingham, Vice-Presidents;
L. Tenn~y P<,ck, Tr a~urttl': 'Vade \\Tarren Thayer, Richard _;.\.
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Persons desiring application blanks for membership ($5.00 or
more) should address the Secretary, Hawaiian Volcano Research
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The Vol~ano Lette!' combines the earlier weekly of that name,
with the former monthly Bulletin of the Hawaiian Volcano Ob­
servatory. It is published weekly, on Thursdays, by the Ha­
waiian Volcano Research Association, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recorJing of earth proces:scs.

Readers are requested to send articles, photographs, publica­
tions and clippings about volcano and earthquake events, in­
strument and investigations. especially around the Pac'Hi .

Subcription for non-members two dollars per year of 52 nUm­
bers. Address the Observatory.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This lahoratory at Kilauea Volcano belongs to the Hawaiian
Volcano Research Association and is leased and operated by the
United States Geological Sun'ey.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter is not copyrighterl. Editors please credit,
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Case and shock·recorder, with cardboard seismogram

and aluminum disc removed, showing the general

assembly.

EDITOR'S NOTE

In November 1929 the Scientific American published au
article entitled, "Amateur Seismoloo-y," describing a simple
instrument in the form of a horizontal pendulum consi 'ng
of a lead weight hung on a pinched hacksaw blade with
au aluminum boom and pen writing on a smoked paper
disc, revolved and moved along by a simple clo k after the
fashion o[ a gramophone record. A number of experi­
menters in the United Stat s have made modifications of
this instrument, and at the Hawaiian Volcano Observatory
we have 'ontinued to experiment.

The text herewith is a set of in truction. with appro­
priate illustration' to a company eight new model shock­
recorder' which have been sent for service in New Zealand,
under the Department of Scientific and [ndu trial Research_
These differ [1'0111 the original horizontal pendulum in that
the rna and boom stand upri ht frOIll the wall bracket
which supports them, so that the entire ase may be
screwed against a cellar wall in the position of an upright
clock. The necessity of havino- a large tabular surface is
avoided and the clock rollers fall into the p~ane of the
spring barrel, whiclJ simplifies the mechanism. T.A.J.

JAGGAR SHOCK·RECORDER

VERTICAL OR WALL MODEL 1931

Instructions for Assembling

Each shock-recorder slJould have made for it a case, like
a wall clock, a box 4 in hes high, 15th inches wide, 6th
inches deep, inside mea ur . with sides and cover made of
3-ply wood, the ends and back-board of more substantial
planed lumber; and the metal part are as follows:

2 narrow piec s of hannel iron bolted together
to form a basal support for the pendulum, and to
be screwed against the back·board of the box at
the bottom.

A h avy mass with two flat springs, anchored in
lead inside a short iron pipe, and protruding from
its side_ These prings are pinched between the
two channel iron about one eighth inch from
where they enter the heavy mass. The heavy
mass thus stand above the channel iron bracket
a an inverted pendulum.

A long balsa-wood boom with a light pen at the
upper end and attached at the bottom by aluminum
plates and braces screwed into appropriate holes
on the face of the heavy mass so that the boom
stands upright.

A pair of tracks screwed against the back-board
of the box at the top to hold the clockwork which
rolls itself along on these tracks.

The clockwork equipped with rollers to fit the
tracks, the double rollers on the back track and
the single roller on the front track. The clock
moves from left to right as you face it and is
regulated so that its central spindle rotates once
an hour when it is working.

Aluminum disc with central sleeve to fit spindle:
of clock, and central thumbscrew for handling the
disc and for clamping to the face of the disc a cir­
cular card of White Bristol board 11 inches in dia­
meter, punctured in tile center to fit the pin of the
thumbscrew cap. A smaller disc 3% inches in dia­
meter is clamped over the card only for smoking,
in order to keep the card clean in the center.

As embl tracks as shown on drawing, screwing the
track rod' on the angle brack t and placing at the back
the track covered with rubber tubing. As the box is not
suppli d with the instrument, the placing of the parts on
the back-board should be scalecl from the drawing.

Clamp the flat spring of the heavy mass in the channel
iron support, leaving 'h inch of spring between support
and mas. S rew th channel irons against the back-board
(1 inch round-headed brass wood screws) with the heavy
ma s uppermost. The lower edge of the channel irons
stands 1 _ inch frOIll the lower extremity of the back-board
inside the box, and 4 inches from the left side of the back­
board.

Layout 36 1,.. in h s vertically from the upper side of
the channel irons t~ the angle of the bracket supports on
the bacl,-board. and draw a horizontal line as guide for
placing these bracket supports. It is und rstood that the
box stands upright against the wal! like an old-fashioned
clock. The left track hra 'ket stands 2% inches from the
left side of the back-' oard.
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Foot of case showing bo:ted channel iron pinching

the two clock springs which are cast into the heavy

mass. The boom of balsa wood is screwed to the

top of the heavy mass by appropriate braces oJ

a:uminum.

Screw the balsa wood boom with its braces onto the
mass, so that it stands vertical. The clock is set on the
tracks with the small roller in front.

For removing and placing the disc on the spiudle, the
pen at the top of the boom is laid back, ancl the clock is
simply slid well to the right, where the disc will be clear
of the pen. Here the disc may b pressed by friction on
the spindle or gently pulled off it by a slight rotation.

The period of the pendulum, set swinging by haud and
timed with a watch, should be about Y2 second to the
right, and Y2 second to the left, 01' a total of 1 second com­
plete period. The longer the spring exposed between the
clamp aud the heavy mas', the longer the period. Count
the nnmber of swings for a full minute.

Needless to say, the adjustment should be such that the
boom stands exactly plumb, and the arc of the DPedle
when the point drops over against the carhoard elisc should
bring the point, at about 45 degrees, on a horizontal line
passing through the center of the disc, and about 2 inches
to the left of the center.

It is possible to benel the supporting springs slightly in
order to make the boom vertical, but it is undesirable to
do so If these springs break, ordinary clock spring is ob·
tained to replace them, the lead in the pipe which make3
the heavy mass is melted and poured off, the springs are
straightened and clamped in position, and the melted leael
poured back into the pipe.

The weights and channel irons are lettered alike, in
pairs. The left side of the shock-recorder box should be
hinged against back-board and hooked forward top and
bottom, when closed. The cover sh uld be hinged to this
side broad. Thus the left side of the instrument may be
laid wide open for adjustments.

Opera~ion of Shock-Recorder

\Vind clock by removing it from tracks and place it back
on the tracks. Screw a card disc on front of aluminum
<lisc, by placing over the card the smaller disc, with its
handle outward, and clamping with black rubber thumb-

screw. Hold this by the back and twirl it slowly over a
smoking kerosene flam (a lamp turned up to vigor::>Us
smoking of the chimney, kept for this purpose), with the
card face donn ward until the whole card is an e\'en light
brown. Do not be afraid of putting card directly in flame
provided it is kept twirling. The resulting brown if touched
should streak with the finger showing pure white card.
It is this brown film on whicll tbe shock-recorder pen
writes a white line round and round the card during 24
hours. An earthquake interrupts these lines with a zig­
zag pattern. The disc is its own clock-hand, as explained
below. The smoked card should be handled entirely by the
central rod so as not to smudge ancl disfigure the edges.
Let the card, if warped by the flame, straighten itself out
by cooling thoroughly.

The elisc is now pushed on to the clock spindle, with
clock at ri~ht side of tracks, so that the edge of card is
inserted behind the boom. The cIa k is now slid bodily to
the left on the tracks until top of bOJm is 2 inches to the
left of center of card, that is, oppo ite the inner part of
the smoked band. ?\ow tip the pen over, its point resting
on the smoked surface_ use a stick like a painter's maul
to rest the wrist on, and write with a dry point au the
smoke the date, hour, and minute of starting, beside the
white line which the pen mal es. An ordinary pen without
ink is good for this, scraping white figures on the smoke.

The machine is now at work for 24 hours and is left in
complete quietness. It is vital that the wall be iu a quiet
cellar. Any upstairs wall will be affected by opening and
shutting doors. The case should be screwed to a cellar
wall \\'here nohody goe3 except the operator once a day.
Air currents, carpenters at work, an automobile on the
ground close to the building, or a nearby engine, may make
an artificial earthquake record. For good seismological
work, complete quiet to the location is essential. Also
10Jk out for spiders and cockroaches.

Have a regular hour, say 8 a. m., for tending the shock­
recorder. ",,'hen the 24 hours is ended, mark the date and
time beside the pen p;)int. tip back the pen, slide the clock
to the extreme right, gently remove the disc from the

Top of case showing driving clock on its tracks,

impelled by rollers and turning the central spindle

once per hour. Lateral movement 3 millimeters per

hour.
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Top of case with seismogram in place, showing
brass pen and lines written on smoked card after

24 hours' work.

spindle by a slight right-hand rotation, and pull on the
knob while the left hand holds the clock on the track.

The day's record must now be fixed fur permanent keep­
ing. Lay disc on table and carefully remove card from
<lisc touchino- card only by the ed es. Prepare a flat pan,
at I~ast one root in diameter, containing a solution of one
part commercial lie lid white h lIac and fourteen parts
<lenatured alcohol. This must be kept in a bottle between
operations, as it evaporates rapidly. Holding the card by
the edges between tbe t\Yo hands. pass it face dowl1\~ards

under the liquid once only, and hang it up to dry wltl: a
thumb tack. Dat about the record, felt earthquakes, wmd
or weather, and the names of place and operator, may be
written in ink on the white center of the seismogram carel.
"This is now a permanent record of that day's seismical
happenings at that place.

To get the time of an earthquake registered on one of
the hour lines of the seismogram, it is essential that the
<lisc rotate exactly once an hour. The clockwork may be
regulated by the lever at the top in the usual man!? r,
marked S for slower and F for faster. Prepare a traclUg­
cloth circle to put o,er the disc for reading time. Divide
this circle in ink into 60 parts by tracing an ordinary clock
face at the watchmaker's shop. Draw radial lines for each
minute and heavier ones for each 5-minute point. Number
these 0, 5, 10, etc., backwards as compared with an ordinary
'Clock.

Suppose you iiltarted at 8: 10 a. m. and the card disc is so
marked at the inner first line of the spirals written round
the disc by tbe day's work of the instrument. Set your
radius 10 over that point with the tracing cloth centered
-over the seismogram. Suppose you have an earthquake
Tecord d that was felt at 10: 20 that forenoon. The first
00 reading around the line on the innel' circle is 9 a. m.,
the second 0 is 10 a. m., and following on right to left
counterclockwise 5, 10, 15, 20 minutes, the earthquake trace
will lie under the 20 (10: 20 a. m.) at its maximum ampli­
tuc[e; and the nnfelt preliminaries will appear a fraction
-of a minute before the 20. The tail of the earthquake, or
the dying away, will appear as a continuing vibration for
:several minutes.

By regulating the driving clo k with some care for a

few weeks, the amateur seismologist may get time within
a minute by keeping track of the error of the clock as
recorded at the end of each day's run. If the error IS a
constant, it may be best to leave the clock unregulated,
and divide the error for 24 hours by the number of
minntes in 24 hours. This gives you the errol' per minnte.
This applied to the number of minutes from the time of
·tarting to the time of tbe earthquake corrects the card
time for the earthquake.

A good operator should keep a good timepiece by which
to mark the seismogram at the beginning and end of each
day. Accuracy to the minute is probably neal' enough for
such a rough machine, but persons with physical or as­
tronomical training, receiving time by radio, can use tins
instrument us a timepiece if they are ingenious. It is
customarv to set up the shock recorders so that the face
of the ca~e is toward the north or south, and the pendulum
thus swings east and \\·est.

Erratum. The number of last Volcano Letter (377) should
be changed to 367.

KILAUEA IREPORT No. 1042

WEEK EXDING JANUARY 10, 1932

Section of 'Volcanoloay, U. S. Geological :3urvey
T. A. Jaggar, Yolcanologist in Charge

Acth'itv in HalemalHuau continued until January 5, then
stopped, ieaving a floor with a big cone at one side, as in
1930. January 4 there were three streams from the cone,
and an overflowing lake below occupying one third of the
floor. January ii the fountain had spells of stopping in the
early morning, thou<>'h the fume column was brightly
lighted, At 10 a. m. there was th usual puffing and splas~­

ing, lake ramparts were overflowino- east, and 3 rapid
cascades poured eastward from the channel. At 2 p. m. the
big fountain stopped and a little oue formed in front of it:
two streams gave place to one. Some booming was heard
at 2: 20 p m. Tremor ou the seismographs at the Observa­
tory was showing spell of increase and decrease. There
was some backstreaming from the new fountain over the
black lava of the interior of the cone. During the after­
noon the cascades narrowed and the fountaining fluctuated,
with booming. About 6 p. m. tremor at the Observatory
ceased and the fountaining stopped graclually. At 8 p. m.
there was very dull red glow, the pattern of lake and cone
was outlined in glow cracks, the overflows were dull, and
a few glow spots appeared at north eclge of floor. The
channel fountain made a few spurts of sparks, and a small
glow chamber broke open at the central conelet. T~ere

were noises of cracking slabs, of small southern slides
from the wall, and of hissing with the spurts.

January 6 the lak had slumped leaving hummocks. There
were crackling sounds. The inner wall of cone flaked
away leaving glow exposed. A little fume came from the
east base of cone and other points. Steam rose at southern
taluses. January 7 there were two small slides northwest
and northeast about 11 a. m. January 9 rain made a hiss­
ing on the new floor. There were fume spots around the
lake edge and at the cone. Some 1'0 ks fell and a small
slide occurred at 11: 10 a. m. ew debris of reddisli color
had added 40 feet of width to the northwest talns. January
10 a crust ridge at southeast margin of bottom emitted
blue fume which showed above the whole pit in afternon
light, cumulus cloud still formed above the pit at higher
levels due to heat, and a few points of glow still showed
at night.

The seismographs reo-istered 24 tremors, one indicated
a probable origin distance 18 miles, 4 very feeble local
seisms suggested origin distances of 6, 32 and 42 miles,
and teleseisms were registered at 3: 53 p. m. January 4 and
at 46 seconds after midnight the morning of January 9;
tbis last indicated a doubtful origin distance of 880 miles.
Microseismic motion was mostly moderate, and tilting of
the ground was moderate to the south, The harmonic
tremor from the fountaining lava in Halemaumau increased
between 1 and 2 p. m. January 5, and then decreased until
it disappeared at about G p. Ill. ill l'emarkalJle coincidence
with the ces ation of lava inflow.
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cano. also at Hilo, and at Kealakekua in Kona District. It
keeps a journal of Hawaiian volcanic activity and publishes
occasional Bulletins.

;\lembership in the Hawaiian Volcano Research Association Is
limited to patrons of Pa'ific science who desire personally to
ai(l in supporting th work.

The work of "olcano research so supported is in collaboration
with the \\'ork of the 'niten States Geological Sun'ey, but sup­
plements it with buildings, research fellows, instrumental plants,
explorations and special investigations for which there is no
governmental provision. The Geological Survey maintains vol­
cano stations in Alaska, California and Hawaii.

The Hoard f Dir 'lor's includes .\,·thur L. Dean, President;
Frank C. Atherton anc1 \V~dtl.'r F. Dillingham, Vice-President ;
L. Tenney Peck. Treasurer; \Vade \Varren Thayer, Richard A.

ook and \Valla'e R. Farrington.
Persons desiring appli ation blanks for membership ($5.00 or

more) should address th S cretary, Hawaiian Volcano Research
Association, 320 James CampbelI Building, Honolulu, T. H.

THE VOLCANO LETTER
The Volcano Letter combines the earlier weekly of that name,

with the former monthly Bulletin of the Hawaiian Volcano Ob­
lIervatory. It is published weekly, on Thursdays. by the Ha­
waiian Volcano Research A~sociation. on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recor,ling of earth processes.

Readers are requested to send articles, photographs, publica­
tions and clippings about volcano and earthquake events. in­
struments and investigations. specially around the Pacific.

Subcrlption for non-members two dollars per ~'ear of 52 nUm­
bers. Address the Observatory.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano belongs to the Hawaiian
Volcano Research Association and is leased and operated by the
United States Geological Survey.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter is not copyrighted. Editors please credit.
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Profile sections of Halemaumau pit at the end of the eruptive period December 23, 1931, to January 5, 19~2, showing
topography of bottom left by the eruption. See discussio n in text, and map on Page Four. Drawn by E. G. Wingate.

JOURNAL CONCLUDING HALEMAUMAU ERUPTION

JANUARY 4-10, 1932

The eruption which began in Halemaumau pit of Kilauea
Volcano December 23, 1931, finished its apparent surface
activity the evening of January 5, 1932, after somewhat
more than thirteen days of inftowing lava.

Elevations of the parts of the surface of the new bottom
when th lava lake was highest, 9: 30 to 11: 30 a. m. Janu­
ary 5, 1932, reported by E. G. Wingate, were as follows:

Area over 1930 conelet filled 73 feet. elevation 2793 feet
South west bay filled 134 feeL elevation 2792 feet
Lake under southwest cone filled 125 feet._elevation 2798 feet
Lake southwest of center filled 107 feeLelevation 2777 feet
West bay filled 113 feeL __....... _. ........ elevation 2773 feet

The amoullt of filling over the whole floor was about 115
feet, or some 25 feet more than was sbown by the measure­
ments of December 29-30, 1931. The accompanying section
profiles show the later fill light colored and tbe earlier
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solid black. December 29 was the day when central foun­
tains stopped. At the end the principal mound was the
southwest cone itself, at the edge of the lava floor, not
shown in the profile. The average bottom elevation 2789
feet, is 855 feet below the tourist station at the southeast
rim of the pit.

The final heaping up of the border cone, with the foun­
tain in its midst sending multiple cascades of lava to
spread out on the floor, was quite like the closing stages of
the eruption in November-December 1930. The cessation
was rapid and quiet, without any marked down-sinking,
within a few hours. The flowing simply stopped, the sur­
face solidified, and the tremor at the seismographs stopped
simultaneously with the end of fountaining.

January 4

The flow of lava from the southwest cone out over the
floor of the pit continued as before, but there was no longer
a single lake of lava filling the bottom of the pit as there
had been during the first days of the eruption. The line
of fountaining vents across the middle of the pit no longer
appeared. Everything had been concentrated in an upf:low
at the big cone at the base of the southwest talus. There
were doubtless intrusions going on within the heap cover­
ing the bottom of the pit, but their only effect at the
surface lay in what was revealed by the surveys with
transit showing differences of level of different parts of
the boltom. Other effects of piling up, which produced
differences of level, were due to the puddled flows from the
cone as shown in the accompanying map, which have
collectively been called a lake, because of a definite ram­
part bordering the pool in scallops and llumerous islands
of clustered crusts. The thickness of the new fill is vari­
ous, both because of irregular heaping up, with a maximum
Ilear the southwest cone, and becau. of irregular topa­
gntphy of the mound of lava of 1930 which the new fill
covered. This variability is shown in the profiles in their
relation to the map.

On this morning at 7: 30 a. m. there was the usual con­
vection cloud of rain moisture due to the heat rising from
the lava fountains and lake. At 8 a. m. three streams were
forking from a wide river at th open side of the cone.
Rapid cascades carried black crusts past two small islands
in the central rivulet. The fountain was variable, as a
whole not so high as at the beginning of the previous week,
at times somewhat sluggish, and then developing a spurt
of high jets with a roar. There were occasional brilliant
slides as the red-hot sides of the cone caved in.

At 3 p. m. the fountains were bubbling steadily i11 the
cone and spouting up from 50 to 75 feet. One river of
lava poured out from the center of the horseshoe, its
course at first northeast, and then def:lected to the east
by the slaggy slope which had been built up as a mound
straight in front of the cone, when the river in earlier days
had forked both east and west around an island. The
western torrent no longer showed, whatever it may have
been doing in tunnels, and the eastern one now divided
:into three streams surrounding three islands. The whole
distributary system radiated out with bright lines and sur­
faces covered with satiny skins into a lake that covered
about a third of the floor and was confined in a well de­
fined rampart. On the west side there was much overflow
amid crust islands and one small overflow stream poured
from the lake to the east. Back of this was a large island
which had been a remarkably persistent feature throughout
the eruption, and perhaps marked the site of the cone of
1930. The rest of the floor showed pressure ridges and

mounds and irregular hardened flow patterns, with chasms
and cracks particularly conspicuous near the borders at
the north.

January 5

Surveys were made from 9: 30 to 11: 30 a. m., and before
this at 8 a. m. it was seen that the flow had lessened, but
the fountain was still central in the cone, though weaker.
The volume of outflow had lessened considerably as shown
by the size of the streams, and the lake on the floor was
smaller and the overflows through the ramparts had
dwindled. Most of the filling appeared to be in the south
bay. The river flowing from the cone forked into two
streams with rapid cascades, and the islets were tending
to become peninsulas. Fume above the pit had increased
at 8: 40 a. m. At 10 a. m. it was seen that the increased
fuming was due to a revival of the fountain, which ap­
peared quite normal with much puffing and splashing.
Heat from the lake was strong at the south edge of the
pit. The lake had vacated its ramparts on the west, and
was overflowing ramparts to the east.

The scarp or heap in front of the main channel appeared
brick-red and rusty on its upper surface. Three rapid cas­
cades poured eastward from the channel, and over the pool
on the floor of the pit there was streaming with radial
zigzag bright lines fanning out to the east and northeast.
Three island accumulations divided the cascades. The
north floor of the pit showed scallop rampart patterns over
its surface, and some pressure ridges. A remarkable fea­
ture was a group of four crevasses trending northeast
toward the dike in the northeast wall of the pit. These
were on the line of the first fountains of December 23, and
where the line of fountains had been buried up by subse­
quent flows. The hardened surface, however, had become
cracked on the line of the original rift and was apparently
gaping open by tumescence.

The new floor of tile pit was now against the rock wall
between the taluses at the NE, NNW, WKW, S, and at two
places on the E. The old rock wall at the southeast which
had extended to the 1930 floor as a triangular ledge parting
two taluses was now entirely buried. The cone and crater
around the big fountain appeared to be in adjustment, and
the noise of the cascades was a steady crackling.

The aftern00n of January 5 created a new situation, with
reports of avalanches, of a new position of the fountain,
spells of excessive harmonic tremor at the seismographs
alternating with very weak tremor, and dwindling of the
cascades. The details of these changes were as follows,
proving important as on this evening the eruptioll stopped:

At 2 p. m. the big fountain central to the COlle went ont
of action and was replaced by a smali fountain in what
had been the main stream northeast from the craterlet. In­
quiry from bystanders indicated that the large fountain
was still erUl)ting at 1 p. m. when the activit)' during 15
minutes migrated into the channel and about 1: 15 the large
fountain stopped. At 2 p. m. small streams were pouring
down both cascades, but at 2: 15 only the southern stream
was visible leading [rom the channel fountain. It was at
this time that heavy tremor at the Obsenatory was re­
placed by very weak motion.

At 2: 20 p. m. booming noise was heard can tinuing for five
minutes, and the northern cascade reasserted itself. It
stopped. and the lava in the pot appeared to be rising and
flowing back over part of the black lava where the central
fountain had been. This action increased. At 2: 42 p. m.
the channel fountain appeared to be migrating northeast,
somewhat smaller than before, and the streams were
darker colored. Booming noise was repeated 2: 58 to 3
p. m. and again at 3: 15. when the cascades were small,
duller in color, and flowing more slowly. At 3: 24 there
was a spell of vigorous fountaining. At 3: 30 there was
intermittent spurting with some booming. The southern
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cascade was very narrow and most of the outflo.w poured
through the northern channel. At 3: 55 there was a spell
of rather heavy fountaining.

During the course of these changes the crater margins
in the cone had caved in, the pool on the lake floor was
lowering and becoming dotted with many islands and
crusted lumps, and there were some fuming patch s about
its borders. The dwindling of inflow appears to have been
gradual from 4 to 6 p. m., though at the beginning of this
time the fountain sent up some spurts 50 feet high. The
cessation of the tremor at 6 p. m. probably coincided with
actual cessation of inflow.

At 8 p. m. there was very dull red glow over the pit,
hardly perceptible on the walls as seen from 'a distance,
and almost none on the cloud above. When the pit was
visited, it was found that the pattern of the lake was out­
lined in bright glow cracks, that of the overflows was less
bright, and the cone was clearly outlined by incandescent
fissures. There Were a few glowing spots at the north
edge of the floor. Gas activity still asserted itsell' in occa­
sional spurts of sparks from the site of the channel foun­
tain. There were hissing noises at these times. A small
central cone in the floor which had been the last remnant
of the central fountains caved in about 8: 15 p. m. revealing
a glowing chamber inside and making a noise of cracking
slabs. There were some slides heard at the south wall of
the pit. It was observable that the glow pattern of the
floor showed colors in blue, purple, and red, suggesting the
presence of some small flames through the cracks.

January 6

At 6 a. m. there was no visible flowing lava, and cracking
sounds were nearly continuous with spells when they were
louder. This suggested that cooling and slumping were
going OIl. There were numerous glowing points like a
bed of coals. Occasionally a cascade of cinders would
fall from the inner walls of the cone showing glow under­
neath. There were some squeaking noises like rubbing
slabs. 'Where the lake had been there were parts ot the
outlying rampart and numerous hummocks. A little fume
rose at several places in the bottom of the pit, but was
not noticed at the cone. There was steam from the talus
slope above. Later in the day slight fuming was noticed
at the top of the new cone and still more neal' its eastern
base. The lake surface had evidently been slumping.
Vapor was noticed on the southeast talus.

January 7
The end of this eruption, as in 1930 and the other short­

lived fills within Halemaumau which have occurred since
1924, showed no sinking of the entire lava column. Such
sinking was a characteristic of the end of eruptive episodes
between 1915 anll 1924. The explanation of the difference
appears to be a difference in continuity of inflow and
volume of material in the upright shaft that remains fluid.
These small annual eruptions of the last few years appear
to come up a crack in the bottom of the pit, coyer the
former floor with a layer of paste which more or less con­
geals with the term of the eruption, the inflow concentrates
at one well, aud this material also congeals and form:" a
plug. There may be more 01' less pastiness and incandes­
cence to the bottom of the temporary fill, and loss of gas
from this viscous flUid accounts for some slumping of the
surface, also volume is diminished by crystallization. But
there is no sign of sudden back-flow into the depths, such
as caused lowerings of hundreds of feet in 1916, 1919, etc.
The evidence seems rather to favor the supposition that
there is a steady upward pressure of magma at present
released by an occasional breaking through.

On this day, January 7, the floor of the pit was very
irregular and hummocky and all sounds of settling had
-ceased. Two small wall slides were heard at the northwest
and the northeast about 10: 50 a. m. Otherwise the bottom
was still and motionless just as the congealing lava had
left it.

January 9

During rain in the forenoon there was a slight hissing
sound from the hot floor. There were fume spots chiefly
.about the borders of the recent lake and at the south side
of the cone. Rocks fell from the walls and a small slide
()ccurred at 11: 10 a. m. The rim cracks at the northeast

continued to show slight widening such as had been noticed
prior to the recent eruption.

January 10

Blue fume was observable over the pit when the sun
passed behind the rising vapors, especially at the south­
east, and much of this came from a smoking ridge of crust
at the southeast margin of the floor. Cumulus was still
forming in the high air above the pit, and a few points
of glow in the floor were visible at night. T.A.J.

KILAUEA REPORT No. 1043

WEEK ENDING JANUARY 17, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge

Volcanic activity at Halemaumau pit remains dormant,
and the most interesting development of the week for the
Hawaiian Volcano Observatory has been the completion of
a new seismograph hut erected for the Geological Survey
by the Park force. This hut is close to the southeast rim
of Halemaumau, in the same location as the former hut,
but capable of housing two or more instruments, for more
complete measurement of local earthquakes, tremor, and
tilt.

On January 12 new fallen material was observed under
the southeast wall and the floor appeared more hummocky.
January 13 three slides were reported near the southwest
rift crack in the wall during the forenoon, and in the
afternoon fume was conspicuous, especially at the south­
east hummock, rocks were heard falling, and rim cracks
showed slight widening. Sulphur stain appeared in spots.
Rather sudden northwest tilt had appeared at the Obserya­
tory. At 8:30 p. m. January 17 a glowing crack was seen
near the southwest fuming hummock and one spot of glow
in front of the new cone. Occasional rocks fell from the
walls and a small slide from the north wall occurred at
8 :50 p. m.

The seismographs registered 63 spasmodic tremors, two
indicating origin distance 1 miles, one 42 miles, and one
46 mil s. Five \'ery feeble local seisms indicated distance
chiefly 14 to 18 miles. Microseismic motion was moderate,
and tilt slight NW.

TILTING OF THE GROUND FOR DECEMBER

The following figures show the net amount of tilt by
weeks at the Obsel'\'atory on the northeast rim of Kilauea
Crater, and jts direction computed from the daily seismo­
grams, by platting a curve smoothed by overlapping seyen­
day a yerages. This is the departure of the plumbline in
seconds of arc, in the direction given.

November 30-December 6, 1931.. 1.4 seconds ENE
December 7-13 0.8 second NE
December 14-20 3.2 seconds NE
December 21-28 2.8 seconds 'WNW
December 29, 1931-January 4, 1932 2.0 seconds 'WSW

Tilt on both N·S and E-\V components of the seismo-
graph, as shown by the daily plat, had at the end of the
eruption of Halemaumau pit, which occurred December 23
to January 5, indicated a return to a point on the seasonal
curves almost identical with the points recorded immedi­
ately before the sharp NE tilts, indicated above as occur­
ring just before the outbreak.

This would appear to indicate that these northeast tilts
beginning 10 days before the outbreak were due to tumes­
cence that '.vas preparing to split open the laya of the
bottom of the pit. These effects were so strong in their
northing at the Obsen-atory for the first half of the week
December 21·28 indicated above as to make the average
tilt show some north, though the actual swing of the
pendulums on the day of the outbreak December 23 was
strongly south and west. It will be seen that for the time
of eruption the averaged tilt of the fortnight was strongly
westerly, which is a direction towards Mauna Loa. E.G.W.



Pagt Four THE VOLCAINO LFTTER

HALEMAUMAU

zoo 0
i H A H H

zoo
E""3

Scale
400 600

Map of January 5, 1932 to accompany profiles A and B, sh owing new southwest cone. Dotted line was floor of 1930.
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New floor of Halemaumau, looking southwest 11 a. m. January 5,1932, Lava stream pouring from conelet on south­

west talus, In left foreground tension cracks on rift. Note burial of talus slopes as compared with 1927 Page Four.

P oto Powers.

COMPARATIVE DATA ABOUT RECENT ERUPTIONS

The conclusion of the eruption in Halemaumau pit from
December 23, 1931. to January 5, 1932, makes it f interest
to review the data concerning recent eruptions of Hale­
maumau in Kilauea Yo1cano. which ha\'e tended to become
annual. It was stated in Volcano Letter :\0. 366 that there
had been a series of eYents tending to forecast the recent
outbreak. Besides the expectable int I'\'al of about a year,
there was accumated tilt away from the center suggesting
upward pressure, there was a week of excessil'e tremors
and earthquakes 10 days before the outburst, there was
opening of measured cracks by unusual amounts leading
to a rim,block avalanche at Halemaumau December 7,
there was a strongish earthqnake December 13 when Park
rangers rep:Jrted rumbling noises and slabs falling clown
crac!lS au the Kau Desert rift southwest of Kilauea, and
there was an unusually strong shock on this arne rift,
within the crater, the forenoon of the day the eruption
began. Features accomp nying the eruption were the

steady harmonic t.remor which started and ceased in coin­
cidence wit.h laya inflow. occurrence of the crisis a year
and 34 days after the outbreak of 1930, the udden chan~e

of tilt accumulation at the edge of Kilauea Crater. from
a tendency away from the center, t.o an inward tilting as
soon as the gas and lava released the upward pressure;
the gushing up along a straight. crack on t.he rift line; t.he
concentration to a conelet. at one end of this crack; the
accumulation of lUi feet of fill; ancl the cluration of only
13 days.

This was all stated to resemble the incidents of former
years, and it will now be profitable to compare these
incidents s~:stematicalIy, in order to find out what was
charact.eristic of each prelude, in how far these preludes
resembled eac!1 other. and in what respects the eruptive
sequences resembled each other.

Lava I nflow of 1924

The first volcanic e\'ent here following the gr at explo-
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First lava eruption in b:>ttom of Halemaumau after explosive crisis of

May 1924. Cone and flows under west talus July 22. 1924. with lava .,I)w

spreading on bottom of pit. Photo Emerson.

sive engulfment which en:arged Ha:emaumau pit in May
1924, was the inpouring of la \"It at th bottom of that pit
July 19-31. 1924. The pit was left in a condition of great
instability with many avalanches and smalI earthquake3
in June, anll red-hot walls far down wllere intrusi\-e rock"
were exposecl. local seismic pasm led to a strong shock
June 13 of ~rade about Rossi-Forel VI, when outside th
north rim of Kilauea Crater new cracks were producecl in
the soil. The seismograph station is on the northea trim
of Kilauea Crater, and sbowed strong nonheast tilts twice
during the three weeks preceding th la'"a outbreak. Blue
fume shot up from the pit at noon July 19, this at 1: 45 p.
m. \\'as a jet spraying up through a vent in the s:luth\\- cit
talus, making a small trickle of la\"a which collected in
a puddle iu the <-up 0: talus that formed tbe pit floor. The
jet became a fountain 125 feet abo'-e the bottom of the
pit. the puddle spread about in leaf form with Some intel'llal
fountaining, the cone became over a hundred feet high
around the 'ource, but the floor coating was only 25 feet
thick. Harmonic tremor at the seismographs lasted from
July 20 to 29.

Mauna Loa Eruption 1926

Mauna Loa broke out neal' the summit April 10, 1926. at
3 a. m., spread down the southwe t rift Ls splitting action
\'ith froth~' lava outflow, and sent a torrent to the sea
which quickly ceased, but upland flows on the mountain
ridge endurell until April 30. At Kilauea there were
numerous eartllquakes indicating origins at l\launa Loa
distances during several preceding months. there \Vas a
large increase in earthquake frequency during the Mauna
Loa eruption, at Halemaumau there were rock slides due
to quaking. :wd new cracks back from the rim broke the
surface soil. Harmanic tremor at the Kilauea Observatory
sympathized with the maxima of the Mauna Loa eruption
April 10 to 22. At the same station there was slight ac­
cumulation of east tilt away from Mauna Loa during 1925­
26, and very strong east tilt accordant with the Mauna
Loa flowing April 11-24, and a reaction ta moderate \\-est
tilt throughout May after Mauna Loa ceased.

Halemaumau Inflow 1927

After midni ht July 7, 1927, a new outbreak of fountain
in the bottom of Ha~emaumau slliit across the floor of
1924 in a line trending northeast-southwest, with the south-

crnmost fountain some distance up the debris slope as
before, and this was the only one which kept working
more than a day. The line of four fountaius lay but
s:iglltly to the west of the rift tunnel line showu by dikes
in the wall of Halemaum:lU. Half the lava of the eruption
came in during the fir t hour. The lake rO'e around the
vents with the exception of the southern cone standing
120 feet abo\-e lake level. The area of new lava, shaped
like a leaf with the coue at its tern, \Va 1760 feet long
LJy 1420 feet wide. The new fill was about 110 feet deep
\\-hen the la t gu hing ceased July 2 , but the cone summit
:;tood much higher.

On March 20 there had been a deep seated strong earth­
quake felt generally throughout the Territory, and objects
were thrown down and broken in Hila hops. On June 8
a small sho k \\-as felt about the island of Hawaii, and a
strange light was seen believed to be a meteor. On the
day of the outbreak Jul,' '; a moderate earthquake at 3: 21
a. Ill. came about three hours after the lava inflow began.

Cracks on the Halemaumau rim had wiclened exces­
sively at the nOl·thea t side of the pit June 22 and there­
after. so that visitor were warned away from the edge.
There \vas no widening after the eruption began. Tilt was
to the north a fortnight before the eruption, and to NW
and I\':\"I\' thereafter. Thi we ting of the tilt after the
heginning of Kilauea outbreak has appeared repeatedly.
Harmonic tremor at the OLJservatory appeared in a short
spell at 10:55 p. m. July G aLJout an hour before the out­
break. then wa' continuous for 24 hours July 7-8, and
:;howed temporary recurrences Jul,' 10-12.

Halemaumau Inflow 1928

This eruption was very small, and it. occurrence as
la\-a upflo\\' through cracks across the 1927 floor, in coin­
cidence with a landsl:p from the north\\·e·t which com­
pressed that floor, W2' explained at the time as a "false
eruption' merely due to the squeezing up of 1927 lava still
liquid under the crust. There is reason to revise tllis
theory.

,\'hat happened on January 11. 1928. about 12:30 a. m.
(just after midnight or midday appears to LJe a favorite
time for eruptions), was the appearanCe of red glow
from liquid lava il I-Ialemaumau just after a monstrous
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avalanche from the north west wall which caused a big
t:-emor on the seismograms at 12: 26 a. m. it was found
that new lava had spouted up at three places on the floor
corresponding approxima:ely with the sites o[ the two
norWern fountains o[ 1927. How much the rosy glow seen
at first wa due to fountaining is not known, but it disap­
peared in 20 minutes and at 1 :i. m. the lava areas were
fi w glowing through cracked crusts with orne blue flame
at one vent. The northwest talus cone of the bottom of the
])it had been overridden by a big fall of rocks from the
wall so that the entire mass of debris slid forward and
out on the lava floor in a pointed heap covering a sector
of tbe northwestem surface. Two of the ontflows were
near the tip o[ this heap, welling up cracks and flowing
away from the heap, ancl the other was at the north some
distance from the debris. IE the phenomena had been
wholly a squashing dO\1"I1 of the crust and a welling up
of the liquid around the crushed area, the flowing should
have been toward the debris heap. The flows cooled off
within a day and the a\'a~anches thereafter ceased, a re­
markable fact, for the'e avalanches from this uneas!'
'wall, and also [rom other ,,"ails o[ the pit, had been
tumbling for a. month.

The trongest reason [or considering this a true laYa
Qutbreal< is found in the seismic record of the precedin a
month December 1927. During this month 243 local earth,
quakes were registered, the roars from loud avalanches
,vere frequently heard at the Obsen'atory two miles away
December 17,28, the slides were from the northern and
the sJuthel'l1 walls notably in the vicinity of the rift belt,
and the eastern cracks at the edge of the pit showed
measured widening of 2 to 3 inches increasing toward the
north. The July floor became o,'erlapped with debris all
around. about seconds of southel'ly tilt accumulated at
the Observatory during the month preceding the out­
lH'eak, and the December record suggested a lowering of
the pit bottom. However. this rna!' ha"e been an error.
for on January 7 the "\VN\\ rim of Halemaumau showed
new cracks br akin the sod 50 feet back from the rim,
an! large deep cracks three feet or more wide gave up
110t steam. Such widening of crack~, preceding other
,eruptions, appears to have indicated localized swelling
uncler the pit, whatever may be happening to the outside
Tim of the greater crater, where the Observatory measures
tilt. It was pr cisely at this IV]'.;'\" rim where the big
a,'alan he occurred t the time of lava outbreak. "\\"ith
the release of the liCJuid lava the tilt at the Observatory
chanaed fr m strong southwest to slight northerly.
Se"enty,eight local earthquakes had occurred December
'24, more than a month before the outbreak, and the num­
ber of general slacks indicating origin distances 15 to 30
miles away, during December and early January, sug,
gests that seismic conditions were affected by a deep­
-seated cause. The high frequency of local shaking
changed to normal abruptly after January 11. All of this
e\'idence goes to sh w that a change in magmatic pre ­
sure uud r Kilauea "oleano produced extraordinary
seismic conditions [or six weeks. there was unusual mo­
tiO!l on the rift belt along the west side of Halemaull u
pit. and th adjustment of a deep·seated block there, both
released t.he eruptiOl and brought the avalanching period
to a close.

Halemaumau Inflow February 1929

At 12:46 a. m. February 20 molten lava gushed up in a
big fountain at the north we t edge of the bottom along
a straight fracture H70 feet in length. A great lake filled
the bottom ea 't of the fracture line, some 60 feet in depth,
the southern v nts quickly became submerged in the lake,
and the northem one built a half,cone of pumice with jets
of the Mauna Loa type shooting 225 feet into the air,
Pellets of ba altic pumice and Pele's hair fell outside of
the pit. The pit seismograph registered tilting, accom­
pan'ed by small earthquakes. t,,'o hours before the erup­
tion was noticed, and straight a way from the center. At
the same in.·trument continuous strong volcanic tremor
was written during ihe periocl of fountaining. This all
ceased when the eruption ended about 1 p. m. Fehruary
21, and strong tilt was indicated back to,,'ard the center
of the pit during four hours preceding the cessation of
action. The eruption left a net gain of 5 seconds tilt away
[rom the pit.

The prelude to this eruption, as shown by tilt instru­
ment at the Obsen'atory, was strong southerly seasonal
tilt throughout the weeks before and after the outbreak,
but with a gradual change from east to west. There had
been tremor January 59 and 1628, probably occasioned
on January 5 by much avalanchiug, accompanying exces­
sive opening of cracks at the tourist station on the south­
east rim of Halemaumau, This necessitated changing the
trail and making a new viewpoint. Tl1e climax was reached
January 10, when slides became fewer. On February 5,
15 days before the outbreak, an earthquake OCCUlTed at
2:25 a. m, felt throughout the island of Hawaii.

Halemaumau Inflow July 1929

On July 25 about 4: 35 a. m. the seismographs at the
Ob:en'atory registered a series of \'ery small earthquakes
a few minutes apart, each accompanied by tilt to the east.
Then strong continuous harmonic nemor developed, Lava
again broke out at the west edge of the floor in the bottom
of Halemaumau. The center was a fracture through the
ta.,llS, tangent:al to the b:Jttom plug, making big fountains
at the base of the \\'est talus. The seismo raph at the pit
showed in ward tilt the first day, outward tilt thereafter,
and tremor reg;stered continuously while the lava foun­
tains were in action. The eruption ceased the e"ening of
July 28 and the liquid lake reached a depth of 94 feet,
followed by settlement of 20 to 30 feet afler sOlldification.

The ground tilted moderately north at the Obsen'atory
dUl';ng the week preceding the eruption, and the tilt
changed to southwest on the day of the eruption, becoming
moderate south fJr the week. Crack at the east edge of
the pit had shown by measurement tendency to open since
l\1ay 15 There had been t,\,O strongy felt arthquakes on
the morning of June 1 . occasioning avalanches on the
west bluff of Kilauea Crater as we:! as in Halemaumau.

Halemaumau Inflow 1930

It should be here recJrded that an extraordinary seismic
cr:s:s about Hualalai Yo]cano OCCUlT d in October 1929
which appeared to indicate a new shirt of magma from
under Mauna Loa in the direction of Hualalai. No lava
outflow coordinate with tbi movement has yet appeared,

At 1: 29 p. m. !\oyember 19, 1930. la"a broke through
the 1929 floor of Halemaumau in three fountain groups
outh of the central region, two or these being of small

size which disappeared during the first two days, the
third continuing to spout Yigorously and build up a cone.
The la"a spread over the 1929 floor. then built a central
lake of molten lava surrounded b!' ramparts, through
which o\"erftow on three sides removed the new la ya as
rapidl~' as it was supplied. and completely co\'ered the
[ormer floor of the pit. After two weeks of action the
lake area was 500 by 800 feet. the cone was 75 feet high
and 2UO feet in diameter at the base, the entire new bot­
tom area '\'as 2300 feet b!' 1.00 feet, and the new mound
stood abo"e tbe former bottom 175 feet at the cone, 100
teet at the lake, and at the north side of the floor about
5U feet. The eruption ended December 7. Tremor accom­
panied the eruption as before and died away at the end.
Tilt change was from moderate northeast November 10-16
to moclerate southwest after the outbreak began. with a
return to strong north and northeast in December. The
pit seismograph hacl recorded tilting of th,e ground away
from the pit and many small tremors a week before the
outbreak. On the day of the outbreak this instrument
recorded 18 small shocks culminating in a very feeble
earthquake ot 11: 06 a. m. with a slight tilt toward the
pit. This "'as followed by a. series of 30 sma!1 shocks
and other earthquakes. Moderate and slight felt earth­
quakes and a\"alanches had occurred in September and
October.

Reviewing the se\'en Halemaumau inflows in seven
yea! s. a t)'pical eruption - ma!- I e said to be heralded by
one or more strongish arthquakes a fe,\' week: before the
outbreak. or by unusual seismic frequency. and 1931 pro­
duced a smart earthquake a few hours before inflow.
Cracks on the rim of the pit are apt to exhibit distension
of the edifice by spreading open, and so loosening the
inside walls as to make ayalanches. This is likely to
occur along with centrifugal tilt just before the eruption.
All of these eruptions appe:tr influenced by the northeast-
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Eruption in bottom of Halemaumau July 7, 1927, at 5 a. m. Shows the four main vents in line, that on the left being the

high cone which persisted. Looking west-northwest. The floor of 1932 is against the wall at the top of the p'cture.

Photo Wilson.

southwe t rift belt which crosses Kilauea Crater; the
final gushing plits the former floor and rapidly concen·
trates at one vent. There is temporary inward tilting and
continuous tremor while the gas foaming of the fountains
is o'oing on. The \yhole series of eruptions marks an up­
ward pressure a cumulating. The eruptions ha ve increased
in volume of output and violence of effervescence. but
their duration has been variable from 1 hour to 18 days,
with the last two outbreaks the most enduring. T.A.J.

KILAUEA REPORT No. 1044

WEEK E:-WING JANUARY 24, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge

The settlin o' clown oE 1he Halemaumau floor, the bottom
of the inner pit of Kilauea Crater, is all that has happened
during the past week. and the cracks in the new lava oE
the recent eruption are no longer seen glowing at night.

After excessive rainfall for several days, the hot lava
fill on January 20 was seen to be steamin from hundreds
of 'mall vents all over the surface, the new cone was
ringed by steam, th re was steam all the taluses and walls,
and vertical lines of vapor vents c::lUld be followed up the
western and southerll walls. These are upright cracks in
the wall where the east and west fault block" are mar]{ed
above by steam cracks parallel with rim of pit. On Janu­
ary 18 at :30 a. m. after 4.10 inches of rain in 24 hours
a steam cloud rose from Halemaumau and water cascades
poured [rom wekahuna. At 2 to 3 p. m. some rocks were
heard falling. rim cracks )1 and KE showed very slight
Widening, a central vent in the floor showed much blue
fume, and eight others showed less, and new debris over­
lapped the lava floor at the base of the talus slopes, Janu­
ary 22 the pit was absolutely quiet.

One feeble local earthquake occurred 2:06 a. m. January
19, origin distance 32 miles. There were 2n spa 'domic
tr mol'S, some indicating origins 2, 6, 20, and about 35·
m'les away. Microseismic motioll was moderate, and tilt­
ing of the ground moderate ESE.

Readers are r '1uested to send articles, photographs, publica­
tions and clippings about volcano all <1 earthquake events. in­
struments and investigations. especially around the Pacific.

Subcription for non-members two dollars per year of 52 num­
bers. Address the Observatory.
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The Voloano Lette)' comhines the earlier weE'l<1y of that namp,
with the former monthly Bulletin of the Hawaiian Volcano Ob­
eervatory. Tt is published weekly. on Thursdays, by the Ha­
waiian Volcano Research Association, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recorJing of earth processes. The Vol ano Letter is not copyrighted. Editors please crenit.
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REVIEW OF EARTHQUAKE RECORD KILAUEA 1931

tr -tremor, value % Rossi-Forel sl -slight, value 2 Rossi-Forel
vf -very feeble, % Rossi-Forel mod-moderate, 3 Rossi-Forel

f -feeble, 1 Rossi-Forel tel -teleseism, or distant earthquake,

SSRF-seismicity summation R.F. no value for local seismicity.

Week Week
ending tr vf 81 mo~t tel SSRF log nding tr vr sl mod tel SSRF log
1931 1931

Jan. 5 55 1 1 0 0 1 15.25 1183 Aug. 3 16 1 1 0 0 0 5.50 0.741

12 27 3 0 0 0 0 8.25 0.917 10 39 6 0 0 0 1 12.75 1.105

19 22 5 0 1 0 2 10.00 1.000 17 22 6 0 0 0 1 8.50 0.929

26 30 14 0 0 0 0 14.50 1.162 24 24 3 0 0 0 0 7.50 0.875

Feb. 2 40 27 1 1 0 0 26.50 1.423 31 19 1 2 0 1 0 7.25 0.861

9 11 2 1 0 0 1 4.75 0.677 Sep. 7 36 5 0 0 0 0 11.50 1.061
16 12 2 0 0 0 0 4.00 0.602 14 56 5 1 0 0 1 17.50 1.243
23 19 1 0 0 0 0 5.25 0.721 21 43 1 2 0 0 0 13.25 1.128

Mar. 2 25 2 1 0 0 0 8.25 0.917 28 26 4 1 0 0 1 9.50 0.978
9 16 2 0 1 0 0 7.00 0845

0 0 0 10.00 1.000 Oct. 5 20 2 0 0 0 1 6.00 0.778
16 34 3 0
23 22 2 0 1 0 3 850 0.929 12 28 8 0 0 0 1 11.00 1.042

30 29 3 0 0 0 1 9.75 0.989 19 40 2 0 0 0 0 11.00 1.042

Apr. 6 55 5 1 0 0 1 17.25 1.237 26 11 1 0 0 0 0 3.25 0.512

13 17 0 0 0 0 0 4.25 0.628 Nov. 2 40 3 2 0 0 0 13.50 1.131

20 18 6 1 1 0 0 10.50 1.021 !) 59 0 0 0 0 0 14.75 1.169

27 23 3 0 0 0 1 7.25 0.861 16 81 6 0 0 0 0 23.25 1.367
May 4 33 4 2 0 0 0 12.25 1.08 23 51 2 0 0 0 0 13.75 1.138

11 38 0 0 0 0 1 9.50 0.978 30 22 2 0 0 0 0 6.50 0.?10

18 29 1 0 0 0 0 7.75 0.889 Dec. 7 24 3 0 0 0 0 7.50 0.875
25 25 1 0 0 0 0 6.75 0.829

14 46 9 1 0 1 0 20.00 1.303
June 1 33 1 0 0 0 0 8.75 0.942 21 28 6 0 0 0 0 10.00 1.000

8 2:1 1 0 0 0 0 7.75 0.889 28 6,531 9 1 0 1 0 1641.00 3.215
15 27 6 0 1 0 0 11.75 1.071

22 26 1 1 0 0 0 8.00 0.903 1932
2:1 22 0 0 0 0 0 5.50 0.740

July 6 34 -2 0 0 0 0 9.00 0.954 Jan. 4 10,080 3 1 0 0 0 2522.00 3.419

13 18 5 0 0 0 0 7.00 0.845 11 2,544 4 0 0 0 2 638.00 2.805

20 18 3 0 0 0 0 6.00 0778 18 63 5 0 0- 0 0 18.25 1.260

27 19 2 0 0 0 0 5.75 0.760 25 29 0 1 0 0 0 8.25 0.915

A CHART OF KILAUEA SEISMICITY

The accompanying diagram exhibiting seismic motion
of the ground is a compilation of earthquake activity, rep­
resenting one of many attempts to show in a single graph
a combination of the number and intensity of earthquakes
for a given time. \Vhat is called seismicity, or the
earthquake shakiness of a country, is compounded of
tr mol'S and small shakes and big shakes, with many of
the smaller phenomena and very few of the big ones. If
all are a release of some form of underground energy
where magma is moving under a volcano, it is reasonable
to think of a single big earthqualte as in some way the
equivalent of many small one. (See discussion of Earth-

quake Intensity Scales, Volcano Lettetr No. 223, April 4,
1929.)

At the Hawaiian Volcano Observatory the weekly de­
scriptions of local seisms or quakes describe them as
very feeble, slight. moderate. etc., and these words are
not colloquial, but are systematic. The word "slight"
means relatively big as compared with "very feeble."
By giving a weight or value in terms of the Rossi-Fore!
scale to each descriptive word, we can add together these
values for the number of earthquakes of each grade for
each week and secure a figure standing for the combined
shakiness of that week. The following is the table of
weights:
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Curve of rising and falling earthquake and tremor activity, expressing combined weekly frequency and intensit)
mea9ured at the Observatory on northeast rim of Kilauea Crater from August 1928 to J

in that Grade II is twice as big as Grade I, etc.. up to
Grade IV. Beyond Grade IV the progression is not arith·
metical.

If in one week we have 10 tremors or 10 minutes of
tremor (value 2If.!), three very feebl shocks (1l;6)' a
slight earthquake (2), and a moderate earthquake (3), the
resulting index of that week's seismicity is the summation
of these values equal to 9. Thus in the accompanying
tabulation the week ending July 6, 1931, had that value
because of the very large number of tremors,

If we were to have several days of continuous tremor,
each day would produce 1,440 minutes of tremor, or an
index of 360. Such an example can be hown for the
last eruptive period of Halemaumau beginning in Decem·
bel' of 1931. During the week ending December 31. 1931,
there were 11 tremors, 9 very feeble shocks. 1 feeble one.
and a moderate earthquake preceding the eruption which
began on December 23. The summation index to this
point is 11.25. This was followed by four days and a half
of tremor, the index of which amounted to 1630. The
total index of seismicity for the week is obtained by add·
ing together the two figures and amo\lnts to 1641 units.

If this were platted on uniform coordinate paper, the
figure 1641 would be about 180 times as great as that for
the week mentioned above having the index of 9, so that
if inches were used as units on the paper. the line wonld
rise 135 feet. To avoid this difficulty the logarithms of

Weight
1,4

Very Feeble

Moderate

Feeble

Strong

Slight

IObservatory
Scale

Tremor
Description

Can barely be seen on the seis­
mograph records; when can·
tinuous the unit is the minute
of duration.

If.! A slightly larger shock, not 01'­
dinarilly felt by people even
when very close to the origin.
Rarely reported felt by per ons
lying down.

1 F It by few or none, an earth·
quake on the border line be·
tween being instrumental and
felt. No. I Rossi·Forel scale.

2 1\0. n Rossi·Forel scale. Felt
slightly.

3 No. III Rossi·Forel scale. Felt
moderately.

4 No. IV Rossi-Forel scale. Felt
strongly.

An earthquake felt strongly is still in the weak class,
but from the point of view of instrumentalists, operating
seismographs that magnify the earth's motion one hundred
times, this quake is strong because it always dismantles
the connecting bars of a sensitive seismograph. This does
not mean that it breaks anything.

These grades are weighted roughly in terms of the
Rossi-Forel scale as %, If!!, 1, 2. 3, 4, and mathematically,
in terms of accelerations, the Rossi-Forel scale is logical
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day units have been experimented with at the Hawaiian
Volcano Observatory as follows: By Jaggar, monthly
local earthquake frequency compared with maximum in·
tensity from 1912 to 1916, in "Seismometric Investigation
of the Hawaiian Lava Column," Bull. Seis. Soc. Amer.
Dec. 1920, p. 259, when it appeared the peaks were at
rythmi intervals of about nine months and increasing
along with a series of Mauna Loa events. Next a study
by Wilson Bull. Haw'n Volc. Obs. Dec. 1927, fig. 47.
wherein the three-day frequency was smoothed by over­
lapping means, did not include harmonic tremor (nor
did the one above), and analogy with the lunar half-month
was suggested. Takin a frequency alone, there was no
peak accompanying the July eruption of Halemaumau
1927, but a comparative symbol indicating intense earth­
quakes showed a swarm of them not reflected in frequency
curve, but occurring at the beginning and the end of the
eruption. Thus -Wilson's curve, compared with the llew
method by Jones, would ha\'e shot up for the 1927 eruptive
period, had it embodied an integration of harmonic tremor
and intensity along with frequency, as has been done in
the new type of curve. In a diagram compiled by Finch
for comparison with tilt (Bull. Seis. Soc. Amer. Mar. 192!t,
p. 41), marked peaks in monthly earthquake frequency for
the years 1913-1925 are shown to accord with drops in the
lava of HaIemaumau and with launa Loa outbreaks, the
highest frequency according with the tremendous drop
of 1924. In 1916 when there was a sudden drop of the
HaIemaumau lava immediately following an outhbreak of
Manna Loa, there were two peaks of earthquake frequency
side by side accompanyin a these events (Jaggar, Amer.
Jour. Sci. Apr. 1917, fig, 2 p. 259).

The outstanding features of the curve for seismicity at
Kilauea from 1928 to the beginning of 1932 are the high
peak of suddenly increased seismic activity that accom­
panied th four outbreaks of Halemaumau. By consulting
the last number of the Volcano Letter, January 28, 1932,
the reader may learn the detail of these eruptions Feb­
ruary 28, 1929, July 25, 1929, November 19, 1930, and De-­
cember 23, 1931. It was there stated that in general these
eruptions were progressively more intense and more en­
during, and it is clear [rom the chart that the four peaks
of seismicity are progressively higher and wider, Mr.
Wilson·s curve mentioned above showed a composite peak
of earthquake frequency in December 1927 immediately
preceding the very mild outbreak of January 1928, and
this was made up of much tremor accompanying aval­
anches in Halemaumau pit and the widening of some
cracks on the edge. If that episode were added to the
left-hand side of our diagram, we should find a still smaner
peak for the actual eruption week of 1928 and a big com­
plex peak preceding it. So for the seven weeks preceding
the February eruption of 1929 there is a composite and
enduring peak of seismicity which was accompanied by
widening of cracks and numerous avalanche tremors, as
well as other seismic events distinctly premonitory to the
lava inflow of February 20.

Not so clear is the explanation of the third peak be-­
tween larch 10, the time of low tremor following the
eruption, and April 14, when general decline hegan. The
only events of note during this time were rather pro­
tracted spasms of tremor, a ertain numbel' o[ a\-alanches,
ancI some rather strong tilting. It seems likely that this
peak in seismicity represents a distinct slump in the lava
column following the eruption, but its qaulity of gradual
rise and sudden fall to a pint belo\\' normal is unusual.
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DISCUSSION OF SEISMICITY CURVE 1928-32

The table which was u 'ed by Mr. Jones in compiling the
curve described above, will be better understood if it is
PI' ,en ted in full for this past year 1931 in order to show
how the curve was drawn for the right-hand side of the
diagram, The table is on Page One.

Curves of earthquake fr quency by months and by three,

all index numbers have been taken and platted for the
number of units involved vertically above each date. In
the accompanying table the logarithmic figure is shown in
addition to the seismicity figure. On the curve a loga­
rithmic scale has been drawn across the diagram with the
seismicity sums R. F. on the left. These read from 0.7 to
9000 and the sheet is thus adequate to contain all the
peaks and hollows for the three and a half years from July
192 to January 1932.

To judge by the height of the peaks, during eruptions of
lava flowing into Halemaumau in February and July 1929,
Kovember 1930, and December 1931, making a pronounced
rise of the curve in each case. determined largely by con­
tinuous tremor, evaluated for each minute arbitrarily as
one·quarter unit, it seems likely that this arbitrary value
is mu h too great. The method, however, has the advan­
tage of exhibiting an effect of these eruptions on the
seismicity curve with much vividness. A.E.J.
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of local earthquakes, and duration of local tremors.
nuary 1932. By A. E. Jones.
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Curve of rising and falling earthquake and tremor activity, expressing combined weekly frequency and intensity of local earthquakes, and duration of local tremors.
measured at the Observatory on northeast rim of Kilauea Crater from August 1928 to January 1932. By A. E. Jones.

Weight Description
14 Can barely be seen on the seis­

mograph records; when con·
tinuons the unit is the minute
of duration.

% A slightly larger shock, not or·
dinarilly felt by people even
when very close to the origin.
Rarely reported felt by persons
lying down.

1 Felt by few or none, an earth­
quake on the border line be·
tween being instrumental and
felt. No. I Rossi-Forel scale.

in that Grade II is twice as big as Grade I, etc., up to
Grade IV. Beyond Grade IV the progression is not arith­
metical.

If in one week we have 10 tremors or 10 minutes of
tremor (value 2%), three very feeble shocks (1%), a
slight earthquake (2), and a moderate earthquake (3), the
resulting index of that week's seismicity is the summation
of these values equal to 9. Thus in the accompanying
tabulation the week ending July 6, 1931, had that value
because of the very large number of tremors.

If we were to have several days of continuous tremor,
each day would produce 1,440 minutes of tremor, or an
innp.x of RfiO. Such an examolf\ can be shown for the

all index numbers have been taken and platted for the
number of units involved vertically above each date. In
t.he accompanying table the logarithmic figure is shown in
addition to the seismicity figure. On the curve a loga­
rithmic scale has been drawn across the diagram with the
seismicity sums R. F. on the left. These read from 0.7 to
9000 and the slleet is thus adequate to contain all the
peaks and hoIlows for the three and a half years from July
1928 to January 1932.

To judge by the height of the peaks, during eruptions of
lava flowing into Halemaumau in February and July 1929,
November 1930, and December 1931, making a pronounced
rise of the curve in each case, determined largely by con·
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If we look at the curves on either side of the other Hale­
maumau eruptive periods as shown in Olil' diagram, there
is nothing analogous to these peaks of preparation and of
aftermath.

The Hualalai earthquake crisis of September-October
1929 is developed as a very sudden ri e in the seismicity
curve, followed by a stepwise decline for 17 week,;, and
this curve is quite in accord with the facts of observation,
for the strong intensity and the strong frequency showed
maxima soon arter the beginning. It will be seen that
this is a true earthquake curve of sudden intensity, fol­
lowed by swarms of aftershocks, and quite unlike the
steep bilaterial curves that accompanied the Halemaumau
outbreaks.

\Vhen it comes to the general curve of seismicity in the
diagram, disregarding the high peaks, it is evident that
this curve as a whole tended to fall below the figure 10
from 1928 to July of 1930, and thal then there was a
pronounced rise in seismicity, and thereafter the small
crests tended to rise above that figure. The minima ap­
proached low levels right while the maxima were reach­
ing high ones about February 1929, again in September
of that year, and the lowest of all was reached in July of
1930. In the whole diagram there is possibly some sug­
gestion of a wave movement with troughs of minima 16
months apart. When it comes to the small oscillations,
there is a marked tendency to troughs from two to six
weeks apart, possibly corresponding to the lunar month
and half-month. This tidal effect for both seismicity and
lava movement has been discussed before. The fact of
the diagram are 20 cases of complete periods occupying
four to six weeks, 20 Occupying three weeks, and 14 oc­
cupying two weeks. The mean is 3.4 weeks, which is near
enough to the lunar month for such crude results over a
short interval of time.

There are many questions raised by this diagram as to

the comparability of local seisms, spasmodic tremor,
harmonic tremor, and avalanche tremor, and the equival­
ence of the units used in terms of acceleration, or of
whatever product of amplitude and period properly con-
titutes seismic intensity. It should be noted, however,

that this is not an intensity curve, but is rather an in­
tensity-duration curve, and this taking account of fre­
quency is new, and the seismologist of this station is to
be congratulated on the experiment. T.A.J.

KILAUEA REPORT No. 1045

WEEK ENDING JANUARY 31, 1932

Section of Volcanology, U. S. Geological Snrvey
T. A. Jaggar, Volcanologist in Charge

Nothing remarkable has happened at Halemanmau pit
suggestive of movement of lava. The new floor is hot
and a high cumulus occasionally forms above the pit. On
January 26 in the forenoon no single ven ts on the floor
could be identified as emitting fume, there bad been slid­
ing from southerly walls as shown by numerous bowlders
and fresh debris on the 1932 floor SE, and red material
on floor S. The northeast rim cracks continued to widen
slightly by measurement. At 11:18 a. m. a slide from the
northeast wall, beginning neal' the top, made dust.

The seismologist reports 1 very feeble local seism
January 28 at 8: 18 a. m. with indicated distance 6 miles.
Forty-eight local tremors were recorded, 3 suugesting
origin distance 9, 18, and 23 miles. A distant earthquake
registered January 29 at 3 h 21 ill 12 s a.m., indicating
approximate origin distance 3100 miles, began too in­
definitely to show direction of origin.

Microseismic motion has been moderate, and tilting of
the ground moderate to the east.
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Map of volcanic arcs in Japan, showing the main central Honshu arc, with

the Kurile arc at the northeast and the Ryukyu at the southewest. T=To­

kyo, F=Fujiyama, Y=Yakedake. The Fujiyama zone extending to the
south leads through the Ogasawara Islands. By Omori.

Ten cents per copy

February 11, 1932

RECENT ERUPTIONS IN JAPAN

An impressive series of arcuate fissures in the crust of
tbe earth, each 1200 to 1500 kilometers long, including the
Ryukyu islands, the three mainland islands of Japan, the
Kurile Islands at the north, and the Ogasawara line of
islands south from Fujiyama, makes up the volcano clomain
of Japan. In all, this involves 5,000 kilometers or 3100
miles of scattered volcanoes, amid hills and mountains
built above the fractures, so that as cracks they are con­
cealed.

The eruptions from 1924 to 1931 have been tabulated
by Tanakadate (Japan Jour. Astron. and Geophys. Vol. IX,
No. I, 1931, p. 47).

The activities are divided into smoke explosions, ash
explosions, explosive eruptions, pumice flows, mud flows,
submarine eruptions, and "increase of normal activity."
This normal activity in volcanoes like Aso, Oshima, Taru-

mai, and Asama involves lava in the crater pit. Lava
flows are rare in Japan because the andesites are siliceous
and viscous, and the gas or steam of an "eruption" effer­
vesces explosively through the incandescent slag that
plugs the crater. "Fire phenomena," or "pumice flows,"
or "flows of lava blocks," or "glowing lapilli" are frequent­
ly described, as seen from a distance. These descriptions
means an internal intrusive magma disrupted. (See Ta­
llakadate, "Eruptive Types," Volcano Letter No. 323,
March 5, 1931.)

The activity of the seven years speaks volumes for what
Japan has to offer to the student of volcanology. Professor
Tanakadate has made a very striking compilation of the
facts, the upshot of which is that tbere are only a few
months of each year without reported eruptions in some
of the volcanic zones.

There are large shiftings from one zone to anotber.
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There was in Japan a striking rise in distributed frequency
in 1927-28, and in intensity in 1929, with a lower Japanese
volcanicity before and after these three years.

It happens that these were years of sunspot maxima
(see Volcano Letter No. 326), and 1928-29 produced ex­
treme volcanicity elsewhere including the Dutch East
Indies, Tonga. Chile, Guatemala, Martinique, and Italy.

Reviewing each year for Japan and beginning with Sep­
tember 1924, we get smoke explosions from Asamayama
in central Honshu, followed in the next three months by
Yakedake a short distance farther west.

In 1925 Yakedake, Asosan in south Japan, and Shirane
in central Honshu were all performing in January, blowing
fume and dust, and Yakedake kept it up throughout the
year. Asama increased activity in May. Suwanose in
the Ryukyu Islands erupted in March, Asosan made in­
creasing explosions in July, November, and December.
And in the aut· mn came a submarine eruption, with
floating pumice fields, at Hatoma iu the south end of the
Ryukyu Island line. Kamchatka had ernptions the same
year.

In 1926 Yakedake was active but quieter, while Tokachi
in the north island made a big explosive eruption in May
and continued in the autumn. Tarumai in the arne island
erupted in October, Asama in central Japan renewed fume
explosions preliminary to increasing demonstrations in
succeeding years, and Asosan in the south did the same
but more violently throughout tbe last half of the year.
The north island, the central island, and the south island
were now all in action together, and Aleutian volcanoes
also broke out.

This continued and increased in 1927 with Asosan,
Yakedake, Asama, and Tokachi ([rom south to north) the
main performers, and all on the main islands of Japan.
All four had ash explosions, chiefly in April-May, but
Asama reached such maxima at the end of the year.

While in 1928 he number of explosive incidents was
less, the diversity of location of intense episodes was
greater. Matuwa, an island in the northen Kuriles, broke
out in February, Tarumai in the north island had three
eruptions, and nearby Tokachi had one; all of these con­
cern the northern area. For central Honshu, Asama was
fiercely active the first half of the year, Shirane again
blew out crater holes, and Oshima near Tokyo revived in
the summer. Yakedake slept. Asosan in Kyushu had
four eruptive spasms, of which one was an ash eruption
and one was accompanied with mud flow.

The year 1929 produced two major explosive eruptions,
Komagadake in the north island in June, and Asama in
central Japan in September. Tarumai had another out­
burst, Yakedake had two, and Asosan had two, of which
the last ,,'as an ash explosion in October. Komagadake
had a revival in September, and Asama had fume explo­
sions four times, in addition to its major eruption. Kam­
chatka volcanoes were active.

A marked dwindling occurred in 1930, with Asama, how­
ever, making ash explosions four times in summer and
autumn. Matuwa in the Kurile Islands again exploded in
its favored month, February. Yakedake bad two explo­
sions in the spring, and Asosan one in the autumn, The
Aleutian region reported two eruptions.

The late spring of 1931 produced outbreaks in Asama,
Yakedake and Asosan, and the same season was notable
for activities in the Aleutian Islands and a major eruption
at Aniakchak on the Alaskan Peninsula.

Now let us consider the details of some of the Japanese
events. The Tokacbi eruption beginning May 7, 1926,
was in the center of the north island at a sulp~ur mine
operated at a solfatara on the side of a peak 2,077 meters
high. Explosions with fume and sulphur flame increased
in violence at a place not historically known to be strong­
ly active. But this is in the Ainu Wilderness, and merely
shows, as elsewhere in all the solfataric belts of the world,
that sulphur and heat may anywhere develop a volcano.

On May 24 three persons were killed in a preliminary
burst, debris covering the slope and overwhelming a hot­
spring bath house. Then at 4: 10 p. m. a tremendous ex­
plosion upset five million tons of the mountain flank. This
material rushed down in two mud flows devastating forests
and farms. The dead numbered 144, the wounded 207, and
twenty-five square kilometers of country were devastated.
Laya lumps of new magma appeared later as bombs in
the debris, and eruptions continued but diminished in
1927 and 1928.

Komao-adake, 1140 meters high, is near the city of
Hakodate, and is an impressive volcano like Vesuvius at
the south end of the north island. It has a record of big
eruptions, some as recent as 1905 and 1919. There was
an ash explosion in July of 1924. Beginning June 16, 1929,
a large destructive eruption began "which ranks next in
importance after the 1914 eruption of Sakurajima."

At midnight June 16 a small explOSion originated at
cracks and fissures extending radially from a small lava
hill in the central part of the main crater. Ash fell next
morning at the southern foot of the mountain. At 9: 30
a. m, June 17 enormous cauliflower clouds arose resembl­
ing huge masses of wool and emitting continuous flashes
of lightning. The column reached an altitude more than
six miles above sea level. At 10 a. m. there were tre­
mendous detonations, roarings, and tremblings, followed
by smoke columns that carried blocks of rock, lapilli,
sand, and ash which were showered over the country.
The ground was almost continuously in vibration, and dis­
tinct earthquakes were recorded at the seismograph of the
meteorological station at Hakodate, 33 kilometers south
from the crater. At 11 a. m. blocks of pumice and small
stones were falling at the southeastern foot of the volcano
where the forest was devastated, while the village of
Sikabe, 13 kilometers to the southeast, had its fields and
fishing grounds covered with three or four feet of lapilli.

In the afternoon at frequent intervals glowing masses
of pumice blocks ran down the radial valleys in several
directions, resembling the glowing blasts (nuees ardentes)
as described at Mont Pelee in Martinique. These pumice
flows traveled in places more than five miles from the
crater. At 7 p. m. "fire columns" hung over the crater in
the smoke cloud with continuous ligbtning flashing. The
eruptive activity culminated about 10 p. m., after which
it gradually declined and towards midnight ceased,

Extraordinary changes took place in the caldera crater
of the volcano. Tbe floor was eleYated by tumescence, to
which relief was added by accumulation of lumps of lava.
Three main vents were formed on the domed floor; a
round craterlet at the west, a T-shaped fissure at the north,
and twin craterlets at the southeast cornel', all pouring
out white fume. In addition there were numerous minor
fissures on the dome,

Quantities of ejectamenta consistino- of acidic andesite
covered 538 square kilometers of country. Pumice flows
in addition, occupying several valleys, covered 27
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square kilometers. One person was killed, four were
wounded, 65 domestic animals were destroyed, 3500 acres
of farm lands were ruined, and about 87,000 acres of pas­
ture and forest were devastated.

There was a renewal of explosive cauliflowers accom­
panied by tremblings the afternon of September 6.

Asamayama is the Vesuvius of Japan, characterized by
explosions with rumbling, quaking, and air shockf!, the
projectiles consisting of ash, lapilli, bombs, and blocks
several tons in weight. Tanakadate says, "Most of the
ejecta are considered as not being juvenile" or magmatic,
but the reviewer would question this, for the bottom area
in the crater which he saw in 1907, appeared to be a
typical andesitic aa lava.

After eruptions and earthquakes in 1924, 1927, and 1928
of increasing vehemence at Asama, there came a great
eruption on September 18, 1929, at 1 a. m. which began
with roarings followed by detonations. The villagers saw
glowing smoke clouds ascending from the crater more
than a half mile high. Red-hot blocks of lava were hurled
up, and atfer three paroxysmal explosions accompanied
with such fire phenomena, the energy of the eruption
gradually declined, but rumbling continued. Air shocks
were unusually strong, ash rain fell to the east, lava
blocks were scattered about the crater, the eastern part
of the crater wall was destroyed, and new pits were left
in the flOOI' of the crater. About 3.4 million cubic meters
of material were thrown out.

Other explosions of Asama and earthquakes followed
in 1930. On August 20 of that year a sudden explosion
accompanied by a heavy downpour of projectiles killed
six persons who had ventured too near the crater rim. On
September 5 the explosion clouds w re accompanied by
incandescence, and the ash rain fell in Tokyo 140 kilo·
meters to the south. Some of the earthquakes, centering
at Asama, are registered at Tol,yo.

The eruptions of Yakedake and Asosan are of the same
general character as those described for Asama, with oc­
casional "fire" and much damage to rice fields by showers
of ash, and of fine cindery sand called "yona" in the Aso
district. In all cases there is more or less trembling and
lightning and earthquakes. The flinging out of red-hot
breadcrust bombs which make Ilew landmarks on the
edges of the craters, and repeated changes in the con­
figuration of the bottoms, are characteristics of Japanese
eruptions.

After our experience at the Kilauea Observatory in
trying to decide what physical phenomena may be meas­
ured all the time near an active crater, and what active
craters are most useful for continuous observation, it is
of great interest to study these Japanese records. The
seven·year table here under discussion shows 26 incidents
for Asama, 25 for Yakedake, and 24 for Asosan, with Yake­
dake dominant 1924-25, Asosan dominant 1926·27, and
Asamayama dominant 1928-31. Oshima whict fumes all
the time in Sagami Bay, and has a red-hot vent in the lava

cone of its inner crater, is only mentioned as throwing up
ash once August 7-8, 1928, and showing fire at night to the
villagers. Yet Oshima with its basaltic lava is for many
reasons the ideal volcano for an observatory. It is well
placed near the Tokyo center of research, it was near the
center of the terrible earthquake of 1923, and it is near
the middle of all the volcano belts. A headquarters ob­
servatory at Oshima could maintain substations at Asama,
Tarumai, Yakedake, and Asosan, and would thereby cover
well all the zones. It is a very striking fact that Aso,
Yakedake, Asama, and Tarumai all lie at the intersections
of two volcanic belts, and it seems likely on this account
that the angle between two crustal fissures is the place of
most continuous emission. T.A.J.

TILTING OF THE GROUND FOR JANUARY

The following figures show the net amount of tilt by
weeks at the Observatory on the northeast rim of Kilauea
Crater, and its direction computed from the daily seismo­
grams, by platting a curve smoothed by overlapping seven­
day averages. This is the departure of the plumb line in
seconds of arc, in the direction given.

January 5-11 0.6 second
Jannary 12-16 _ 0.4 second
January 19-25__ ._ _ 2.1 seconds
January 26-February 1..._1.6 seconds

E.G.W.

KILAUEA REPORT No. 1046

WEEK E~DING FEBRUARY 7, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

Halemaumau continues dormant. In the forenoon Feb­
ruary 1 two or three rocks fell from the walls. Cracks
on the northeast rim continued slight widening. Five
vents emitting slight blue fume were counted on the floor.
On February 2 rocks were falling almost continuously and
slight Widening of rim cracks continued. Surveys showed
that the greatest amount of vertical shrinking in the new
January lava floor of Halemaumau amounts to between
40 and 50 feet in the southern part. The lava here now
stands 30 feet above the top of the former 1930 cone,
whereas when it was liquid January 5 the depth was esti­
mated over 70 feet. The edges of the flood have remained
stationary, and the average vertical shrinkage out in the
middle is between 10 and 20 feet. The average depth of
fill is about 110 feet.

The seismographs recorded 1 very feeble shock with
indicated origin distance 4 miles. Sixteen tremors were
registered, one showing distance 23 miles. There was
prolonged tremor for 4 minutes Februal'y 3 and for 18
minutes Febraury 6, this latter indicating origin distance
18 miles probably NW. I\Iicroseismic motion was mod­
erate, and tilting of the ground moderate SSVV.
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Big Steamer at Supan's Springs June 13, 1931. Photo from Finch.

LASSEN !REPORT No. 31

WORK OF LASSEN VOLCANO OBSERVATORY IN 1931

Mineral, California
R. H. Finch, Associate Volcanologist

Outlying Seismographs

Besides the main station at Mineral, placed in the
Forest Reserve three miles outside of Lassen Volcanic
National Park to the southwest, seismographs are operated
at Viola, seven miles outside the accompanying map at
the northwest, and at Mount Harkness in the forest l"ok­
out station at the southeast corner of the Parle These
seismographs are all of the horizontal pendulum type,
those at Mineral and Mount Harkness being Hawaiian
type instruments, made in the shop of the Hawaiian
Volcano Observatory.

The seismograph at the Loomis Museum neal' Viola was
started in operation for the summer on June 20. 1931, and
operated by Mrs. F. J. Hermann. wife of the Park Na­
turalist. Except during occasional clock trouble, the sei ­
mograph registered continuously until September 25.

The seismograph on Mount Harkness was kept in opera­
tion from June 30 until October 23 by A. J. Free, Park
Service fire lookout. This instrument gave some excellent
records of distant earthquakes, and the seismograms were
loaned for stuly to the seismographic station of the Uni­
versity of California.

Tilting of the Ground

It will be remembered (Volcano Letter No. 336) that in

the report of the Lassen Observatory for 1930 that the
accumulation of tilt to the southwe t at Mineral, (that is,
away from Lassen Peak), was less during 1930 than in
former years, and that the Harkness station when first
set up indicated southeast tilt, which also is in general
a way from the Lassen cen tel' of volcanism. The correc­
tion for accllmulated tilt on all seismographs operated'
by the Lassen Observatory in 1931 was less than dtlring
1930.

Local Earthquakes

Nearly all of the earthquakes, registered on the instru·
ments at Lassen, appear to originate under the big volcano
itself. The seismograph at Mineral registered 38 earth­
quakes during the year 1931. The clistribution of these
shocks by months was as follows:

January 7 shocks July oshocks
February 2 August 9
March 1 September 2
April 3 October 4
May 2 November 4
June 3 December 1

The numbers of shakings recorded during each of the
last five years are as follows:

1927 266 shocks
1928 37
1929 96
1930 74
1931 38
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Rainfall

144 0 F.
200 0 F.
196 0 F.
190 0 F.

1200 F.
201 0 F.
170 0 F.
1990 F.

EARTHQUAKE IN THE SOLOMON ISLANDS

OCTOBER 1931

Devil's Kitchen

(Upper Hot Springs Creek. southern part of Park)

The following were measurements of September 7, 1931:
Small pool north side 194 0 F.
Mud pot north side (thick mud,

surface exposure)
Small hole at side of pool north side
Mud pot northwest
Pyrite pool northwe t

New Steam Vent
(South slope of Diamond Peak southwest part of Park)

The discovery of this vent was described in Volcano
Letter No. 362. It is in an ancient soHataric area and
had a temperature of 198 F. when it was measured Octo­
ber 14, 1931.

Changes at Supan's Spri ngs

o movement was detected at the line of stakes which
had been set up to measure movement, in the landslip area
of Supan's Springs, near the bend in the road on Sulphur
Creek west of Diamond Park, where for many years there
have been fresh cracks across the valley indicating a
creep of surface materials. As reported in 1930, the earlier
stakes had been broken off, and a new set of iron stakes
was installed in that year. ew measurement in 1931
showed that no movement could be detected parallel with
the valley, nor on the transit line laid out for repeated
observations across the valley. There were signs of
chemical erosion. The basin at the Big Steamer at Supan's
Springs had moved westward a few feet. The volume of
the basin had increased by about 50 cubic feet without
any surface outflow to account for mechanical loss of
eroded material.

On his trip to investigate Akutan Volcano and to
inspect seismopragh stations in the Aleutian belt of
Alaska, Mr. Finch was absent from the Lassen station
from June 25 to September 13. Mr. C. A. Huff operated
the station during his absence.

We reported registering on seismographs (Volcano Let­
ter No. 355) a large distant earthquake approximately
3750 miles away to the southwest. and another estimated
3500 miles away, the dates being October 3 and October 9,
1931. It has since been reported (Volcano Letter No. 361)
that the first of these earthquakes wrought damage in the
British Solomon Islands and was followed by a disastrous
seismic sea wave, which recorded on the tide gauge at
Hilo eight hours after the earthquake occurred in the
Coral Sea. Northeast of this Coral Sea lies a line of
active volcanoes extending through the New Hebrides, the
Santa Cruz Islands, the Solomon Islands, and New Meck­
lenburg, the whole belt extending northwest in the region
between New Guinea and Fiji, and lying between the
Micronesian Islands of the western Pacific and the Coral
Sea which lies outside of the Great Barrier Reef of north­
eastern Australia. The inhabitants of this volcanic belt
are Melanesians.

The "Church of England Newspaper" January 8, 1932,
publishes a report by Dr. Fox, Principal of All Hallows
School, Pawa, Solomon Islands, saying the earthquakes
lasted more than 15 days. On Sunday October 4 at 5: 45
a. m. there was a very big earthquake lasting four and
a half minutes. and then a prolonged quiver for two hours.

Boiling Lake
(South side of Hot Springs Creek, southern part of Park)

On September 7, with air temperature 66 0 F., the lake
was high within four inches of the outlet. The following
measurements were made:

Northwest edge
Large mud pot, west
Boiler, south end, water
Boiler, south end, mud

156 0 F.
152 0 F., flowing

vigorously
200 0 F.
200 0 F.
202 0 F.

No. 17
No. 20
Upper Geyser

Year
1927
1928
1929
1930
1931

Morgan Springs

(Outside the Park, southwest corner of map)

On October 30. 1931, measurements of the several springs
were as follows:

No.3 Larvae Pool
No. 14 North

Hot Springs Temperatures

Temperature measurements for comparison with the
records of former years (as recorded in the 'Bulletin of
the Hawaiian Volcano Observatory' and in the 'Volcano
Letter' from time to time.). the measurements being made
with corrected maximum Fahrenheit t ermometers as part
of the routine of the station, resulted as follows:

Big Steamer at Supans Springs

(Southwest p rt of Park west of Diamond Peak)
Date Temperature

June 13, 1931 1900 F.
July 11 195 F.
August 8 196 0 F.
Au ust 30 199 0 F.
October 11 194 0 F.

Bumpass Hell

(Southwest part of Park, south of Bumpass Mountain)

On August 24, 1931, the highest temperature was 198 0 F.
at a mud pot in the center of the area, measured at a
depth of 8 feet. The highest temperature of any of the
boiling springs was 196 0 F.

Lassen Crater

(At the summit of Lassen Peak shown in the map above
the word "Lassen" in the middle of west end of Park)
On September 1, 1931. the air temperature was 78 0 F.

and there was no snow in the crater The following were
the temperatures of the several vents:

Northwest vent 130 0 F.
North vent 110 0 F.
Northeast vent 110 0 F.
South vent 136 0 F.

The total rainfall and the total snowfall for 1931 com­
pared with previous years were as follows:

Rainfall Snowfall
Precipitation Winter Snowfall
43.32 inches 1926-27 168 inches
42.10 1927-28 106
38.65 1928 29 130
38.94 1929 30 138
46.30 1930·31 64

1931·32 114
to Jan. 1. 1932

It will be seen by these tables that the variation in the
rainfall is less than that of the snOWfall, and that the
latter was extraordinarily different for the season 1930-31.
only 64 inches, as compared with 1926-27 when 168 inches
accumulated. The winter of 1931-32 is another time of
very heavy snows. and Mr. Finch has recently written
under date December 30, 1931, "For the past two weeks,
it has been about all that [ could do to keep up the ordin­
ary routine. We have had over 7S inches of snow during
that time. I climb down a flight of stairs, cut in th
snow, to get into the office, and to the instrument shelter.
So far I have not been able to get any help in removing
the snow, but hope to find someone within a few days.
It is still snowing and there is considerable possibility of
our getting snowed in." The Mineral station is in the
midst of big evergreen trees, high in the mountains, and
has recently been something of a resort. for wintel' sports,
for people from the Sacramento valley (T.A.J).

In June 1931 some data on slump scarps were obtained.
Many examples of this tYPe of cliff can be found in north­
ern California. A note for publication on this subject i
being prepared.
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and then small quakes every half hour or so day and night
for 15 days. But there was a second big one, worse than
the first, on October 10, at 11 a. m., followed by a suc­
cession of big shocks every few minutes, till the worst of
ali ~ame at 3 p. m., a violent wriggling followed by con­
vulsIVe waves, when it was hardly possible for a man to
keep his feet. Then smaller qaukes occurred every hour
gradually getting milder.

All the mission tanks were thrown down, two of the
plate timbers of the house were' broken, and a wall was
torn out. The boys' houses leaned over and another hou e
had a list. The chapel survived the shock best. The
tower swayed violently back and forth, and the flag-pole
snapped and was thrown down. A Dovel' stove was
smashed ani much small stuff was broken.

The m~ssion staff slept on the shore in a leaf house,
but contlllucd to conduct services in the chapel. The
boys slept on the shore. as the hill ountry rocked violent­
ly. During the earthquake of 3 p. m. October 10, the ocean
suddenly receded from the bay to much beyond the lowest
low-tide mark, and in about three minutes swirled back
to .about four feet above high tide mark. This happened
tWice, and then the water remained at high-tide level
for hours when it should have been low. Dr. Fox, watch­
ing it, reported that the wave seemed to come from the
east or northeast and judged the origin to be a hundred
miles or so away, and wondered whether it was created
by a submarine volcano.

A similar report from a station at Aitape in New Guinea
~United Empire, London, January 1932) described what
1S presumably the October 10 quakes of 11 a. m. as oc­
curring at 11: 40 a. m. of the local time, when suddenly
;R rumble came from the sea. Everything heaved and
.swayed, chairs and other things were overturned, coco­
nuts feli from the trees, cement piles were cracked, and
water tanks telescoped and spilt. Cracks opened in the
ground_ A trestle bridge was thrown out or alignment.
'The first shock lasted 40 seconds, followed by other severe

ones, while small shocks and tremors continued for a
fortnight.

Another Solomon Islands earthquake was registered on
seismographs November 20, 1931, and one in the New
Hebrides January 9, 1932. T.A.J.

KILAUEA REPORT No. 1047

WEEK ENDI:\IG FEBRUARY 14, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

On February 8 fume was noticed at a spot under the
west wall of Halemaumau and in a spot in the center of
the pit. A small slide fell from the north wall at 9: 46 a.
m., and rocks fell intermittently. Cracks measured showed
slight widening, especially on the northeast rim. On
February 12 afternoon a new spot was found fuming in
pUff3 at the west end of the southwest talus on the edge
of the talus and floor. Sulphur has been forming there.
Moderate fume was noted at the spot under the west wall
and slight fume was issuing from the center of the floo;.
At 4: 10 p. m. a roar of an avalanche was heard at Uweka­
huna. Its debris fell from the wall above the southwest
bay and appears to be the largest since the recent lava
activity. On February 14 there was no change in fuming.
At 10: 20 a. m. a large avalanche was heard from Uweka­
huna by Park rangers. Dust obscured part of one side
of the pit.

The seismographs at the Observatory recorded 23 trem­
ors and 3 very feeble local seisms. One of the tremors
originated at 14 miles distance, two of the seisms 18 miles
and one seism 14 miles. Two of the latter class were I'e:
ported felt at Kapapala.

Microseismic motion was moderate throughout the
week. The average tilt movement was slight SE.

Edge of glassy lava flow on the west side of Glass Mountain October 19, 1931.
These obsidian flows are 80 miles north of Lassen and the rocks are being studied

by Dr. C. A. Anderson. Photo from Finch.
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Map of Lassen Volcanic National Park, U. S. Geological Su rvey. Lassen Peak is in the center of the western half with

name erased.
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Diagramatic section through the earth's crust showing sediments
under a volcano, supposed siliceous continental shell, black solid­
ified layer of basalt, and dotted I iquid basalt of the substratum
extending up into the fissure leading to the volcano. The cone

is represented as 5,000 meters high. After Daly.

TYRREL~S BOOK ON VOLCANOES
Dr. G. W. Tyrrell, lecturer in geology in the University

of Glasgow, has recently produced a very readable book
entitled, "Volcanoes." (No. 152 in the Home University
Library, 1931, Thornton Butterworth, Ltd., London.) This
is a small book of 252 pages divided into eight chapters
and a bibliography. The introductory chapter describes
the general faLts about volcanoes. The following is an
in teresting paragraph:

"The most feasible method of harnessing volcanic energy
in the service of man is by utilizing steam jets and hot
springs. In Iceland hot springs are used by housewi es
for cooking and laundry purposes. A beginning has been
made in that country on a project for supplying Reykj vik
and other towns with a hot water supply from boiling
springs. In Tuscany, natural steam power has been used
for three-quarters of a century. Over an area of 100 square
miles are numerous hot springs and stearn jets, which
yield boric acid. These natural springs and fumaroles
have been largely extended and changed by industrial
development. Shallow wells have b en bored to tap the
steam, which in one of the borings is yielded at the rate
of 52,800 lb. per hour at a pressure of one atmosphere
(14.7 lb. per square inch), or 28,600 lb. of steam per hour
at a pressure of five atmospheres. The steam is often
superheated, as its temperature varies between 100 0 C. and
190 0 C. A deep boring has now (1928) tapped steam at a
pressure of 75 lb. per square inch, which can be directly
used to drive turbines. Calculations based on the total
production of boric acid in relation to steam, indicates that
several million pounds of steam per day are now available
in this field.

"Of a somewhat similar nature is the steam-well field
which is now being exploited at The Geysers in California.
Observations amI tests prove that at this locality there is
a great store of hot steam, which increases with depth.
The first well ...vas drilled in September 1922, and stearn
from this well furnished the power for boring the second
well which was completed in July 1923. From all indica­
tions the steam both in Tuscany and California is of deep­
seated origin and of practically inexhaustible quantity."

In discussing cycles, Dr. Tyrrell is impressed with the
longer geological cycle, as is natural in the viewpoint of
a geologist, and he makes the following statement con­
cerning the phases of a long-term cycle:

"If volcanic manifestations are considered in relation
to geological dme they are found to fall into definite cycles.
These cycles seem to have begun with vast floods of basalt
lava, with which are usually associated swarms of dikes,
and, in proportion to the bulk of lava erupted, were ac­
companied by an insignificant amount of explosive activity
resulting in fragmental products. These enormous lava
floods are therefore believed to have been emitted from
fissures, and to have rushed up directly from the super­
heated liquid stratum which at times is formed immediate­
ly beneath the crust.

"As the cycle progresses the volcanic activity becomes
localized at definite points, which develop into central
volcanoes. Lava is still poured out in great bulk, and
central volcanoes in this early stage build up enormous
flat domes consisting mainly of basalt. At the present day
these shield volcanoes occur in Hawaii and Samoa, and
also in Iceland. In the earlier stages of the present vol­
canic cycle, the flows from adjacent shield volcanoes linked
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up to form great spreads o[ lava only inferior in size to
those from fissures.

"With lh waning or the volcanic cycle, the direct uprise
of magma [rom the depths is checked. It collects in
underground chambers. and its contained gases now come
into full play in determining the kind of volcanic activity
at any cen tel'. Hence the volcanoes typical of this stage
of the cycle are those in which explosive activity takes a
prominent part. The resulting central volcanoes are
naturally smaller than shield volcanoes as the supply of
magma is now limited. The cones are of mixed composi­
tion. partly lava, partly fragmental products of volcanic
explosion. and are known as strato·volcanoes because of
their well·bedded or stratified structure. Vesuvius, Etna,
and Fuji·san are well Imown examples of strato-volcanoes.
'With the progress of solidification (crystallization) in the
magmatic chamber the amount of lava yielded by the vol­
cano gradually lessens, and it composition may change,
while the activity o[ gases correspondingly increases,
resulting in an increase in the amount of fragmental ma­
terial ejected. A purely explosive stage is ultimately
reached; and if a new vent is drilled at this stage the
resulting volcanic cone will be built up entirely of frag­
mental materials. Some small volcanic cones of this
character (e.g. Monte Nuovo near Naples) are due to a
single explosive outburst. The gases which are liberated
in this late stage of the volcanic cycle consist chiefly of
steam, and the explosions may be of such violen e as
partly to destroy the cone built up in earlier stages, (Kat·
mai, Alaska; Bandaisan, Japan.)

"As the explosive activity gradually dies away, the final
stage of the volcan ic cycle is reached with the relatively
qniet discharge of steam and other gases from jets or
fumaroles (Tuscany, Icleland, California, New Zealand),
associated with erupting springs or geysers, boiling or hot
springs, and the emanation of carbon dioxicle and sul­
phuretted hyclrog !1 from fissures."

The second chapter deals with the products of volcanism,
gaseous, liquid and solid. In this the author follows the
usual and regrettable geological dictum that steam is more
importa.nt thaI hydrogen as a fundamental volcanic gas,
Otber chapters deal with the phenomena of volcanic erup­
tion, the shield volcanoes of Hawaii and Iceland, strato·
volcanoes such as Etna and Vesuvius, decadent volcanoes
such as Katmai and Lassen Peak, the roots of volcanoes
and ancient volcanoes, and finally, distribution of volcanoes
and origin of igneous rocks. In this last the author fol­
lows with interest the theories of Joly and Holmes to the
effect that the ultimate causes of igneous activity in
general are to be traced to the known facts of storage of
heat through the radioactivity of the rocks,

A reading of the boole shows that the author has studied
carefully some up-to-date volumes on volcanic eruptions
such as Perret on Vesuvius, Griggs on Katmai, and Koto
on Sakurajima, that be is influenced by the time-honored
bu t trite work of Judd on Krakatoa; and is perhaps with­
out access to the remarkable series or modern monographs
of the Dutch East Indies Volcanologic Service; that be is
thoroughly acquainted with the work of the petrographers
on ancient volcanoes an(1 on the rocks collected from fossil
intrusive bodies, but that he is insufficiently acquainted
with the seismometl'ic side of the subject as expounded ill
the lJig volumes by Omori on Asama, Usu, Oshima. ane1
Sakurajima. The geodetic and engineering side of vol­
canology i' hardly touched. The notion that intrusive
volcanism is in progress today, and may be measurable

in hot spring districts, does not appear in the book, but
there is ample recognition that the study of volcanoes
has entered upon a new phase with the establishment of
volcanological observatol'ies. The scholarship of the
modern German and Italian workers, as recorded in Fried­
laender's Zeitschrift and in Sapper's book, is not much
quoted. The style is excellent and the author is at his
best in the chapter on "The Roots of the Volcanoes." The
following is a sam pie:

"Fissure eruptions occur at the present day only as
minor phenomena of central volcanoes, especially those of
the shield type. Various lines of evidence, however, lead
to the belief that fissure eruptions played a leading part
in volcanic :lction at the beginning of tbe present volcanic
cycle, and in mol' remote geological periods." (This ap­
pears to mean the cycle which has become decadent since
the Miocene.) "Basaltic lavas have been poured out on
a colossal scale, accompanied by only the most insignifi­
cant explosive activity relatively to the effusive mode of
action, and usually with swarms of associated dikes, some
of which must be regarded as the feeder of the flows.
There are no si ns of volcanic cones at all commensurable
with the size of these eruptions. These stupendous floods
of basalt cover areas of the order of 200,000 square miles,
and may be thousands of feet thick. Naturally, accumula­
tions of relati vely hard rocks such as basalt are extremely
durable, and remain in and on the earth's cru t as witnes­
ses to volcanic events the magnitude of which bas not
been approached at tbe present time.

"The youllo-est basalt flood is that of the Columbia Pla­
teau in the north western United States. which occupies
an area of over 200,000 square miles mostly in 'Vashington
and Oregon. The Columbia region was formerly moun­
tainous. but in Miocene times it was levelled up by enorm­
ous floods of basalt lava, and the former mountains now
appear as islands and peninsulas projecting from a mono­
tonous plain of lava. The Columbia and Snake rivers (see
Page Four) have CUt deep gorges through the plain which
expose in places almost the entire thickness of the forma­
tion. The plateau is built of a large number of tllin, con­
fluent. interlocking flows, between which occur slaggy sur­
faces, thin sheets of ash, and beds of lacustrine sediments.
The supposed feeding dikes are num rous and narrow,
seldom reaching 150 feet, and averaging less than 30 feet
in width. Igneous activity has continued almost to the
present day, especially in Oregon and Idaho, with the
production of youthful.looking cones and craters, and fresh,
slaggy, lava flows. The average thickness of the plateau
is estimated at 3300 feet, and it is known to reach a maxi­
mum thickness of at least 5200 feet. Hence the total
volume of lava emitted must be of the order of 120,000
cubic miles. Great basaltic plateaux of about the same
age as the Columl)ia plateau occur in Syria and Arabia.

"Another enormous basalt flood is that of the Deccan in
Peninsular Tndia, which occupies an area of 250,000 square
miles. As this formation is nearly 10,000 feet thick on
the Bombay coast, and thins out toward the east and north,
it is thought to have had an equally large extension in the
adjacent foundered parts of the Indian Ocean. Its total
area may therefore have been 500,000 square miles ....
in one place a boring encountered 29 distinct flows with
an average thickness of 40 feet. Large dikes and other
intrusive masses are found at a number of places around
the margins of the basalt region The eruption appears to
have taken place towards the end of the Cretaceous period,
or at the beginning of the succeeding Eocene."
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"The Stormberg basalt lavas of South Africa, which
occupy an area of 20,000 square miles in Basutoland alone,
antI there form the great mountain scarp of the Drakens­
berg, are regarded by Dr- A. L. du Toit as mainly due to
fissure eruptions. One hundred and fifty volcanic vents
have indeed been found, and many more await discovery;
but the greater number of these are filled with pulverized
sedimentary material, and have never emitted lava; and
the remaining active centers pierce the lowermost basalts
only. The average thickness of the plateau appears to be
about 3,000 reet, and individual flows are from 100 to 150
feet thicle Correlated lJasalt extrusions make up the 300­
mile-long Lebombo range in the eastern Transvaal, and
also a large area of ountry around the Victoria Falls in
Rhodesia. The extrusion of these great masses of lava
probably took place in early Jurassic times. The Storm­
berg lavas are intimately connected with the KalToo
dolerite sills; and the relatively small lava fields of this
episode, as compared with others, may be due to the fact
that a greater part of the activity took place underground.

"In recent ~'ears it ha become clear tbat exact analogues
to the Stormberg lavas and Karroo dolerites exist in the
Parana region of South America. The basalt flows here
covel' an area of over 300,000 square miles with an esti­
mated bulk of 50,000 cubic miles. They are associated
with intrusive masses which are found in a further area
of 75,000 square miles. Basaltic lava plateaux of the same
age as those of South Africa and South America (mid­
Mesozoic) are known also in Tasmania, Antarctica, Penin­
sulaI' India, und in the eastern United States."

'With regard to major cycles in Europe and Asia, Dr.
Tyrrell points out that crustal movement (page 228) has
worked up to at least foul' great climaxes during known
geological time, and that in the inter als minor disturb­
ances ba ve occurred. The geological cycle begins with
the comparatively-sudden emergence of continental land
masses, which rapidly become broad and high, with the
.simultaneous prOduction, especially near their margins,
of long ranges of fold-moun tains in which the rocks are
intensely compressed. The oceans at this stage are rela­
tively small and deep. Igneou and earthquake activity is
at a maximum, and on the continents there is extensive
glaciation and desert formation. Climatic conditions are
thus severe and extr me. At the present day the earth
appears to 1Ia\-e not long emerged from one such phase of
the geoloaical cycle. This revolutionary stage is followed

by a protracted period of relative quiet, both as regards
earth movement and igneous activity. The continents
gradually become small and low owing to the combined
effects of erosion and the gradual advance of shallow seas
over their margins. The general quiescence is occasional­
ly lJroken by local disturbances during which igneous ac­
tivity may u.gain lJecome prominent. Earth movement is
finally limited to a gentle up and-down heaving over wide
r gions, igneous activity dies away completely, and clim­
atic equabilit ensues over the greater part of the earth.
But beneath the apparent quiet the revolutionary earth
forces gather strength, and the geological cycle is termin­
ated by a renewed paroxysm of mountain-making and con­
tinental uplift.... The explanation of igneous activity is
thus closely bound up with the explanation of earth move­
ments and the geological cycle."

Errors in the book are largely copied from the original
works on which it is based. If on page 55 the statement,
"Torrential rains accompany volcanic eruption," means
condensing steam, this is dubious. On page 60 the forma­
tion of Pele's hair is attributed to "strong winds," when
in reality it is the bluster oC the gases rushing through the
fountains and convection currents which may occur in
perfectly still air. On page 93 the "Death Gulch" of the
Yellowstone Park is placed in Arizona. On page 67 and
following, the discussion of volcanic earthquakes at­
tributed to "e -plosive subterranean release of magmatic
gases" is quite erroneous and inadequate. There is the
usual erroneous distinction from tectonic earthquakes,
without explanation or di 'cussion of depth or mention of
isostasy. The statement on page 84, "Hawaian explosive
activity is of a mild type, caused by the rapid emission of
gases from the surface of a lava lake," certainly needs
modification it the steam blast activity of 1924 is "ex­
plosiv." On \1age 87 Pelee and Soufriere are stated to be
characterized by the "intermittent ejection of white-hot
clouds comp::>sec[ of an emulsion of glowing gas and solid
particl s, which, instead o' rising into the air were pro­
jected down war Is." These were exceptional and not char­
actistic, and the down ward-directed cloud in the majo:,
explosion in each case was but one component, most of the
clouds being directed vertically, and in no case being
"white-hot." Down-rushing blasts are common elsewhere.
The belief of Penck quoted on page 109 that the 1789 erup­
tion of Kilauea "marked the inception of the volcano"
might well have been omitted. T.A.J. and R.H.F.
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'Region of eastern part of the great Snake River basalt fields as related to the early
Tertiary rhyolites (horizontal lines) and andesites (circles) of the Yellowstone

Park, itself a place of boiling springs and Tertiary volcanoes. After Daly.

KILAUEA REPORT No. 1048

WEEK ENDING FEBRUARY 21. 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

On February 15 at 9: 30 a. m. the slide of the previous
day was found to have fallen from the north wall between
the north and northwest taluses, causing a fresh scar on
the wall and a mound of new debris on the floor. Debris
added at 1: 20 p. m. February 16, from the same place,
built the mound to from 50 to 100 feet high. Fume was
strongish at the foot of the southwest talus and under the
west wall. The northeast rim cracks continued slight
widening. A small scar formed during the night of the
15tll from a slide at a point just west of the top of the
}lorthwest talus. Fume was quite ·trong from a spot at
the foot of the southwest talus and came from two points
about 50 feet apart. Rocks and small slides were 1 eard
falling from the north walls more or less continuously
about every five minutes from 2 to 4 p. m. On February
17 the district was visited by a southwesterly rain

and wind storm which caused some water to enter the
seismograph cellar at Halemaumau. The pit during the
forenoon was a huge cauldron of steam. Sulphurous fume
was blown over the tourist stand. Keanakakoi had seven
waterfalls. A lake a thousan I feet long and two to three
hundred feet wide formed on the southwest Kilauea floor.
A little hail fell during the storm, and there was thunder
and lightning near. Many trees were uprooted and a
garage was blown over.

On February 21 at 10 a. m. the pit had blue fume. The
north wall showed a fresh scar from an avalanche and few
rocks were heard falling.

The seismographs at the Observatory recorded 11 tremors
and two very feeble local seisms. One of the tremors
indicated origin distance 25 miles and another about four
miles. The two seisms indicated distances of 9 and 32
miles. None was reported felt. High winds during the
week caused unusually strong microseismic motion, the
Kona storm of the 17th being responsible for vibrations
of four seconds' period. The average tilt movement for
the week was moderate S\V by \V.

cano. also at Hilo, and at Kealakekua in Kona District. It
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Map of volcanoes and hot springs of the Aleutian region, scale 216 miles to the inch. After Griggs, National Geo­

graphic Society, 1922. Black Peak is mislocated at Purple Crater, and Aniakchak is northeast of it.

ALEUTIAN ERUPTIONS 1930-32

Notes on activities in the Aleutian Islands and in the
volcanoes on the Alaskan Peninsula were published in
Volcano Letter Nos. 246 and 357. The year 1931 appeal"
to have brought to a focus the unrest which appeared in
several volcanoes in 1929 and 1930 by producing a con·
siderable explosive eruption from Aniakchak Crater on
the P ninsula 45 miles NNE from Chignik. But activity
of one sort or another appears to be always present in the
restless magma which underlies 1700 miles of arched
and faulted Tertiary strata from Mount Spurr to
Attu, and if one could picture the ridge in its entirety at
anyone time, some puffing gas would probably be seen.

Our reports have indicated that Akutan was smoking
in 1928 and its lower slopes were covered with ash June
18, 1929. "A mountain to tile west of Kanatak" was reo
ported fuming in March 1929, and this description might
apply to Chiginagak Volcano on the Peninsula east of
Aniakchak. Mount Cleveland and a volcano west of it in
the Islands of the Four Mountains were fuming in March

1929 and volcanoes of the Katmai group continued fuming.
Shishaldin on Unimak Island was "flaming high" May 28,
1929, and glowing matter overwelled the edge of the crater
and rolled down the slopes; it was reported fiery again
June 23, 1929, opening three new craters low on the north
side. Gareloi in the western Aleutians was said to erupt
so violently in 1930 as to change its appearance by lava
flows from fissures. To a volcanologist the imperfection
of these accounts is their chief baffling characteristic, but
the observations of mariners confirm the notion of con­
tinuous activity somewhere.

'Ve now come to 1931, when on May 1 Aniakchak
erupted, on May 20 Pavlof farther west Oil. the Peninsula
made explosions and glow and ashfall, two other volcanoes
on the Peninsula were reporteel fuming, ash from Aniak·
chak fell a great distance away, and on May 30 a severe
earthquake was felt in Attu at the extreme western end
of the Aleutian chain.

Our observer at Dutch Harbor, Mrs. Wendhab, reports
that Captain Nelson of the Alaska Commercial Company
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ship "Eunice" passed Tulik Volcano on the east end of
Umnak Island March 21, 1931, and its crater was sending
up thick black smoke wllere he has observed only white
steam heretofore. He thought its action very unusual
and indicath'e of a coming greater eruption. On March
29 two earthquake shocks of unusual intensity were felt
at Dutch Harbor (east end Unalaska). On May 13, 1391,
the Umnak eruption was reported by Captain Nelson to be
"the volcano on the east end of Umnak Island, fourth
peak northwest from Tulik Mountain, pouring out black
smoke and heavy clouds of steam," a place that has been
dorman t until recently. A singular note by Mrs. Wendhab
at this time states that Mount Makushin Volcano in the
northwest part of Unalaska Island, which has been very
active, is now ominously quiet, causing worry." Makushin
is usually a crater of quiet steam depositing sulphur. The
eruptions of Shishaldin, Pavlor, and Aniakchak are reported
by the radio operator at Squaw Harbor on Unga Island in
the Shumagin group south of the Alaskan Peninsula to pro­
duce a particularly vicious type of static, interfering with
radio communication over a wide area.

vVhile not connected with volcanic happenings, it may b'e
of interest to the meteorologists to know that Attu experi­
encec[ September 30·0ctober 2, 1930, a terrific northwesterly
gale for three days, with barometer at 26.40 inches. Two
native sad houses and Govel'l1ment buildings were demol­
ished. A still stronger gale in January 1931 was the worst
in the history of Attu Island, according to the natives,
and drove seas into Chichagof village.

Captain Nelson saw fire issuing from Bogoslof OctolJer
31, 1931, and found qauntities of pumice neal' Umnal( Island
south of it.. This observer believed Bogoslof to be con­
tinually smoking, according to his experience, but the
"fire" was unusual.

The Eruption of Aniakchak

Aniakchak Crater is one of a chain of remarkable vol­
canoes spaced out rather evenly about 40 miles apart in
the Alaskan Peninsula between Port Heiden on the north
and Chignik Bay on the south. Beginning at the southwest
end of the series west of Chignik and going northeast,
these are Ver iaminof (8400 feet), Purple Crater (3020
feet), Aniakchak (4200 feet), Chiginagak (7020 feet), and
Mount Peulik (4080 feet). Veniaminof and Chiginagal(
are covered with glaciers. Aniakchak Crater was mapped
by Sargent, described first by W. R. Smith (Professional
Paper 132 U. S. Geological Survey, 1925), and mapped
geologically by R. S. Knappen (Bulletin 797-F U. S. Geo­
logical Survey, 1929). Knappen's colored map i· copied
in half-tone here ith and shows the even spacing of
Veniamiuof, Purple Crater, and Aniakchak, and the vast
size of the crater bowls, as well as their circularity.
Aniakchal( Crater has a maximum diameter of six and
three·quarter miles, the lowest part of the crater floor
is 1100 feet above sea level and contains Surprise Lake,
two square miles in area. The walls rise almost vertically
1200 feet to 3000 feet above the bottom of the crater.
A large truncated cinder cone rising 2200 feet above Sur­
prise Lake occupies the south central part of the crater
flo::>\'. Aniakchak River breaks through the east side of
the rim of the great crater in a picturesque canyon named
"The Gates." The area of the bottom of the crater is 30
square miles. Upper Jurassic sedimentary rocks with
fossils occur in the canyon and also quartz diorite, over­
laid by layers of lava and agglomerate, while all the val­
leys of the surrounding country are covered lJy thick de-

posits of ash, pumice, and agglomerate. Much of the
lava is obsidian.

In the National Georgaphic Magazine for September
1931, Father B. R. Hubbard presents a wonderful series of
pictures of the Aniakchak and Veniaminof country made
from photographs taken during an exploration in the sum­
mer of 1930. Among the most remarkable of these is a
picture of curving colunar structure in obsidian, and an­
other of a subordinate crater of crescen t shape in the
northwestern part of the larger bowl containing an inner
cinder cone from which about eight festooned dark-red
basaltic lava flows radiated. The festoons were crevassed
in concentric arcs. This secondary crater was investigated
and hot fumaroles were found, some of Wllich followed a
fissure up the sides of a cliff and yielded steam hot enough
for cooking. There were multicolored crystals and in­
crustations surrounding the vents, and solfataric odors of
volcanic gases were perceptible. ear Surprise Lake on
the west side there is a warm soda and iron bicarbonate
spring, and this stains much of the lake shore with orange
color. The presence of the warm springs and the hot
solfataras indicated that Aniakchak was not deacl but sleep­
ing.

Explorations by Father Hubbard in the summer of 1931
(Saturday Evening Post January 2 and 16, 1932) dis­
covered that an observer at Meshik, 20 miles west of
Aniakchak, on May 1, 1931, at 10 a. m., saw a dense column
of steam shooting up from the volcano. This rose for two
hours in billowing clouds, followed by a big blast at noon.
A dense black cloud rose over 20,000 feet, spread out like
a mushroom, and started to descend. The earth shoOI(,
and there was a fiery display of lava bombs making tra­
jectories. Lightning and thunder were added to inces­
sant detonations from the volcano, accompanied by the
crash of falling rocks. Then came light cinders at first
the size of peas and then larger. Eruptions continued
until May 11, when a final blast made it pitch dark for
several hours at distances 60 miles away. There was a
field of floating pumice with individual blocks 9 or 10
inches across in individual patches five miles in diameter
on Bristol Bay, north of the volcano. Dense clouds of gas
and smoke continued to rise, and another major eruption
May 20 made detonations heard 200 miles away. For
several days more the Ugashik cannery, 53 miles NNE
from Aniakchak, reported rumbling like distant surf.

At Chignik the fall of ash was reported a pound per hour
for each square foot 45 miles SS';Y from the source. At
Ugashik the ashfall was heavier, and in the country be­
tween Kodiak and the head of Bristol Bay a mantle of ash
a quarter inch deep was formed. Light ash fell in the
interior of Alaska at distance of 300 miles. There was
much loss of life among wild animals. There were many
showers of pisolitic mud balls, and the neighboring snow­
covered country and the glaciers were buried under a gray
pall.

'When the volcano was visited at the end of May, there
were clouds of blowing dust and many dust whirlwinds.
Everything was covered with ash. The vegetation was
gone. Black cinders became coarser at the crater. The
water of all streams was muddY. The central inner cone
had a crack in its side and gas clouds rising on top. Sur­
prise Lake was choked and llluddy. The explosion vent
had formed a new crater under the north west rim, wh nee
rose yellow and brown gas and clouds of steam. A new
lava dome was being pushed up above the crater floor,
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showing large, tumbled blocks. This was like Novarupta
at Katmai. Beside the dome was a deep pit. Hydrogen
sulphide was strong. Occasional puffs of brown smoke
rose with a rumble from the new vent. The interior of
this vent was found to be highly colored with yellow, red,
and brown stains, and several pits more than a mile in
circumference had formed in the crater floor. Quantities
Df vapor rose from the new lava dome. The ground was
very hot near the vent, more than 200 0 C., and there were
green deposits and signs of hydrochloric acid. There were
many impact craters made by falling I)owlders. The lava
dome lay in the center of a depression three miles in
circumference. The lava moved somewhat, there were
falls o[ blocks, and there was much sulphur. In an aIr­
plane flight, Hubbard noted that Veniaminof Volcano, with
its great circle of glaciers, which he had seen the year
before snowy white, was completely mantled with dark
colored ash. It may be noted in passing that Hubbard
reported in his National Geographic article that an ascent
to the edge of Veniaminof Crater was made from the north
side, and that this crater, which is known to the natives
as Black Peal" and is full of ice, was smoking in unusual
fashion in the summer of 1930. The source of this smoke
was found to be a cone in the center of the ice, "smoking
Qn two sicles of its upbuilt rim from slag heaps of lava,
and now and then coughing out black ashes over the sur­
rounding white snow." The ice had impressive chasms
where the heat had melted the glacier. There were layers
Df black volcanic ash and sand a few feet thick alternating
with glacial ice more than 20 feet thick. Hubbard sug­
gested that some time-scale of Veniaminof's eruptions
might be interpreted from such exposures.

On May 2, 1931, the radio operator at Kanatak, 90 miles
NE of Aniakchak, reported ashfall there. On May 13 the
ash [rom Aniakchak was more than a half inch deep and
very black, falling continuously at Squaw Harbor in Unga,
approximately 140 miles SW of Aniakchak. The Katmai
group of volcanoes was reported to be active at this time.
The Aniakchak ash that fell at a great distance was fine
as flour. On May 12 a freighter at sea off the Aleutian
Islands received a fall of sand during a storm (locality
not given).

Later Eruptions

Captain Nelson of the "Eunice" brought word on Janu­
ary 18, 1932, that Mount Cleveland on Chuginadak Island,
a peak 8156 feet high, approximately 150 English miles
west of Dutch Harbor, had again broken into eruption,
starting about January 1, 1932. It was reported to !lim
that seven great puffs had occurred in one hour, the vol­
<:ano sending up very dense smoke. Generally only a
I'Ule steam bad been seen at the crater during previous
visits. He passes t.hese Islands of the Four Mountains
three or foul' times a year in his trading trips for the
Alaska Commercial Company. He was suprised to see
such dense volumes of black fume when he passed the
island in early January, the sky being continuously
·darkened.

On February 10, 1932, a radio from John Gardner in
False Pass informed me that Shishaldin erupted February
1, 1932, the outbreak lasting for several days with glowing
material flowing dOWli the mountain. A newspaper dis­
patch of February 4 called this eruption the "most violent
and spectacular seen in the past century" for this volcano.
The report from Squaw Harbor described "streams of lava
flowing down the sides," but this glowing material is quite

as likely to be trains of red-hot bowlders for these Aleutian
cones. A strong wind cal'l'ied the ashes many miles north­
ward over the Bering Sea. A dispatch of February 16
said that Shishaldin had again renewed its activity with
boomings coming from the createI' at two-minute intervals,
the volcano hurling hot rocks thousands of feet into the
ail'.

The general map of the Aleutian belt reproduced herewith
shows the distribution of volcanoes as compiled by Griggs
(Valley of Ten Thousand Smokes, by Robert F. Griggs,
National Geographic Society, 1922, page 60). This will
give some idea of the great number of active cones along
this curved line, and the geological map by Knappen
shows how characteristic are the big volcanic heaps lying
in a line adjacent to the coastal plain of Bering Sea on
the northern side of tbe Aleutian ridge. This arrange­
ment extends far to the west in the islands. where, for
examples, in both Unalaska and Atka the north half of the
island is volcanic and the southern half consists of older
rocks. Here in the Aniakchak region the belt of moun­
tains southeast of the volcanoes reaches heights rarely
exceeding 3000 feet and consists of gently folded Jurassic
and Tertiary rocks, which contain fossil plants and shells,
and are overlaid by old volcanic rocks which probably
date from the Miocene. The slope under the Pacific to
the south reaches abysmal depths, the slope to the north,
from Unalaslca eastward, is very flat to a shallow sea. The
line of volcanoes apparently represents a tension crack at
the edge of this shallow fill of Bering Sea, t.hrough the
folded strata, and following in plan a singularly perfect
curve for several hundred miles. To the south of the
region here considered there is a trough under the ocean
parallel with the Pacific shore more than 20,000 feet deep.

T.A.J.

KILAUEA REPORT No. 1049

WEEK ENDING FEBRUARY 28, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

On February 22 at 9: 15 a. m. dust from a slide at Hale­
maumau pit was seen and another slide was reported at
the northeast wall the afternoon of February 21. Blue
fume rose from the floor at two places west and southwest.
Cracks on the northeast rim continued widening, one of
them as much as one-half inch. On February 23 a small
slide from the rim at the north wall occurred at 9: 55 a. m.,
cracks SW showed slight widening, and cracks NE and N
showed slight to strong widening. February 24 at 9 a. m.
fume appeared to have increased and a new crack was
found back of the north wall. On February 26 crack No.
31 NE had widened one-qaurter inch in four days. On
February 28 after much rain, fume was pronounced SW and
much steam rose from the floor.

At the Observatory instruments 45 tremors were rec­
orded, one of them indicating distance exceeding 14 miles.
Of nine very feeble shocks, three indicated origin distance
2 miles, two 3 miles, three 4 miles, and one 9 miles. Two
feeble shocks of the felt class occurred. One of these
February 23 at 1: 30 a. m. indicated origin distance 2 miles.
One during the noon hour February 26 indicated origin
distance only 1 mile. Microseisms caused by windy
weather were strong except on February 24 and 28, when
they were moderate. Tilting of the ground was moderate
SW.
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Crater in ice of Makushin Volcano, Unalaska Isla nd, photographed in 1£07, and resembling the snow

crater on Mount Baker described by Rusk in 1903. Photo Jaggar.

NOTES ON VOLCANOES OF THE CASCADE RANGE

For purposes of the voh;anologist, every bit of informa­
tion concerning craters or heat on mountains known to be
volcanoes is of value. In Volcano Letter No. 363 there
was published a review with maps concerning some of
our northwestern volcanoes other than Lassen Peak. In
"Tales of a Western Mountaineer" (Houghton Mifflin 1"'24)
Mr. C. E. Rusk publishes notes made during mountain
climbs on some of these volcanoes which are unusual and
worthy of quotation.

The crater of Mount Baker or Kulshan is illustrated by
a photograph taken abont 1900 by the party of John A.
Lee. This shows a circular crater opened through snow
and ice, with fume rising, and with crevasses extending
up a smooth neve above it. In 1903 Rusk climbed the east
side of the main peak of Mount Bakel' accompanied by
George G. Cantwell. They went to Morovits Ranch, and
camped at the timber line. The whole east side of the
mountain is forbidding and covered with snow and ice.
There are two peaks of which the southern is the lower.
When well np the slope, on glancing upward, they saw
large volumes of smoke rolling from between the two
peaks. \\Then they reached the top, it appeared that for
several hours the smoke from the crater had been hidden
from them by the south shoulder of the main peale As

they emerged from the chimney there burst into view a
most thrillingly weird spectacle.

In a bowl-like depression immediately between the two
peaks of Mount Baker there was a great orifice in the snow,
perhaps 50 feet across. The west side was partly blocked
with snow so that the opening was somewhat half-moon
shaped. Two hundred feet away a semicircular crevasse
swept halfway around the pit. Up from the unknown
depths of this abyss black fume boiled out. It drifted
away, gnided by the shifts in the wind clHrents, until it
dissolved in the upper ail'. Mr. Rusk speaks of the wild,
unearthly loneliness of the scene, which "impressed us
profounclly, for its counterpart perhaps does not exist on
earth."

This description is astonishingly like that of the ice
crater containing sulphur on the summit of Makushin
Volcano in Unalaska (Page One). This was photographed
and described by the reviewer, and the picture published,
in 1908 (Technology Review. Boston, Vol. X, No.1, Journal
of the Technology Expedition to the Aleutian Islands 1907,
by T. A. Jaggar, pp. 11-12). "The rim of the greater crater
of Makushin was finally reached at 12: 45 July 3, 1907.
\Vithin was an expanse of snow, probably two miles in dia­
meter, through which three or four steaming vents have
maintained openings. \Ve saw a steaming cavity ahead to
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the right. Examination proved this to be a new crater
opening, a vertical cavity in the snow, 75 feet in diameter,
with a 300-foot wall of bedded ice and snow behind it and
sulphurous steam incessantly rising through it. A great
tumble of snow 01' ice blocks rested in front of it, and,
where the steam drifted across these, their white surfaces
were y llowed with sulphur. An inner cone of bowlders
and sand was seen beyond this pit and south of it. This was
visited and found to contain a crater some 2,000 feet in
diameter, with very active solfataras working on its north·
ern side, and sulphurous coatings about the vents."

Rusk's climb was 11 hours from the timber line to the
top of Mount Baker, and was presumably early in the
season of 1903. When photographed in August 1906 by
F. H. Kiser, the crater gave no sign of snow orifice, nor
of smoke. There wa only a slight depression in the snow
and the remnant of a crevasse. Professor George David­
son saw Mount Baker in very acti\-e eruption in the early
fifties.

Mount Rainier or Tacoma Volcano is described by Rusk
as havina- a great crater from a quarter to a half mile in
diameter inclosed by bare cliffs 30 or 40 feet high. The
bottom is filled with snow which makes of the interior a
comparatively level field. Around the rim are many small
vents in the rock, from which jets of steam issue. In
places, and at times, this steam melts the snow, leaving
cavern-like fissures between the snow and the wall of the
crater. The highest point of Mount Rainier is a dome of
snow just west of the crater. Mr. Rusk writes: "I crossed
the crater alone. On the farther side I was surprised to
find lichens clinging to the bare rock surface. I found a
jet of steam issuing from a small hole in the sloping face
of the rock. I stooped to see if I could detect any odor
coming from the place and received a little steam-scald
for my pains. The rocks were quite warm, and I have
no doubt one could place a frying pan over some of these
orifices and there do considerable elementary cooking. I
scrambled out of the crater and a short, easy climb
brought me to Columbia's Crest, the actual summit."

Glacier Peak is a volcano 10,400 feet high, easy to
climb, and 1'111'. Rusk reached the summit at 11 a. m. The
old crater is d rectly on top, from one-quarter to one-half
mile in diameter, broken down in many places, leaving
craggy pinnacles around the circumference. One of these
on the southern edge is the summit. The crater is filled
by a big snow field. On the east the snow feeds into a
great ice-fall, the chief branch of Cool Glacier. This peak
was climbed by 1. C. Russell, and is not describen as
steaming.

In the case of Mount Hood, the only mention of heat by
Mr. Rusk is described from the summit, when, looking far
below, near Crater Rock, he saw big jets of steam rising
into the air and drifting upward to mingle with the fleecy
clouds that were idling across the face of the peak.

During the exploration of Mount Adams, Rusk mentions
on the north side a dry stream course that produced a
glacial torrent. This started running in the middle of the
afternoon, kept flowing part of the night, and was dry the
next morning as a daily occurrence which is not explained.
This is a part of the Klickitat drainage.

Going up Mount Adams by the southern way, Rusk's
'Party found thousands of dead grasshoppers on a snow­
filled saddle south of the first summit. There were also
other insects as well as a humming-bird and a duck, each
occupying its own little depression in the snow. Rusk

states on different occassions, while climbing Mount
Adams, he had found numbers of such birds and insects;
and once his party found a dead mouse at an elevation of
nearly 12,000 feet. One often finds live spiders crawling
over the snow at high altitudes, and sometimes, but not
often, live butterflies and other insects are seen. Rusk
believes that the dead organisms are accounted for by
gales of wind, or else during high flights these creatures
are blinded by snow, when they fall bewildered and chill
to death. It is an interesting question whether there
could be any volcanic carbon dioxide or other gas to
asphyxiate the insects.

From the pictures reproduced, the Klickitat Glacier must
occupy the former crater of Mount Adams, between the
summit and the Ridge of Wonders. Professor H. F. Reid,
who has climbed among these volcanoes, expressed the
opinion that some fused fragments of rock appeared less
than 100 years old (Rusk, page 98).

The following are Mr. Rusk's comments on heat in the
crater region of Mount Shasta. 'When he was turning
down from the summit, in 1923, he writes: "I had read
much of the so-called boiling sulphur spring, and when
we were a short distance down the talus slope, a little to
the west of where we had come up, we heard a mighty
gurgling roar and saw steam rising from farther down the
slope. This subterranean cataract appears to start well
up the talus slope and only a little below the highest sum­
mit of the mountain. It rushes down nearly to the foot
of the pinnacle and apparently turns and disappears along
a depression between the main summit and another near­
by peak just to the south. From the noise it makes, there
must be a veritable river of it, and it is certainly forced
upward through some internal chimney from a cauldron
in the heart of the mountain. The whole thing would
doubtless be invisible, had not visitors pricked its outer
covering. The underground channel is overlaid by several
inches of what seems to be a blue clay. Wherever holes
have been gouged in this by the points of alpenstocks or
other sharp insturments, the boiling water bubbles through,
making animated little springs from which the steam floats
away. We saw several of these. The loose rocks on top
are so hot that it is hardly possible to hold the hand on
some of them, and the whole clay surface is uncomfortably

warm."
"I caught some of the boiling water in my cup and the

taste was agreeable and rather sour, resembling lemonade.
I drank a considerable quantity and suffered no ill effects.
On the little flat just below where we sat were several
rock inclosures that had been piled up for shelter by men
who had spent one or more nights at this place. Even in
a severe storm it is possible for a man to survive, as the
heat of the rocks on the slope above the boiling spring
would keep one from freezing." T.A.J.

TILTING OF THE GROUND FOR FEBRUARY

The following figures show the net amount of tilt by
weeks at the Observatory on the northeast rim of Kilauea
Crater, and its direction computed from the daily seis­
mograms, by platting a curve smoothed by overlapping
seven·day averages. This is the departure of the plumbline
in seconds of arc, in the direction given.

February 2-8 __ 1.4 seconds SE
February 9·15 1.6 seconds SW
Februal'y 16-22 _ 2 0 seconds SW
February 23-29 1.8 seconds S

E.G.W.
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KILAUEA REPORT No. 1050

WEEK ENDING MARCH 6, 1932

Section of Volcanology, U. S. Geological Survey

T. A. Jaggar, Volcanologist in Charge.

The widening of crack No 31 NE at the edge of Hale­
maumau pit has resulted in a crisis of collapse at that
portion of the rim. On }<~ebruary 29 there was an aval­
anche at the northeast wall at 10: 17 a. m., and the block
in front of crack No. 31 appeared to be instable to judge
from the continued widening of the crack. Fume was
rather dense under the southwest talus. After a slight
earthquake generally felt at 4: 43 a. m. March 3, there was
seismographic evidence at Halemaumau of strong ESE
tilt. The cracks had continued widening and the northeast
rim was roped off after an avalanche at 2: 10 p. m. There
were other avalanches during the day. Fresh debris lay
under the northeast wall.

March 4 produced an unusual seismic crisis at Halemau­
mau and the development of glowing cracks in the Janu­
ary floor. The quaking spasm, which began about 12: 53
p. m. and continued for six hours, was strongest for the
first hour and a half, and producecl eight felt shocks, and
much continuous tremor. A visit to the pit showed fresh
scars of slides at the west, north, and east walls and small
slides were tumbling northeast. Fume was denser than
usual, with sulphur odor. There was a large avalanche
NE at 2: 15 p. m. and others during the afternoon, as well
as one NW. Crack No. 31 NE had widened one-half inch
in a day. After nightfall two of the deeper cracks in the
edge of the lava floor on the east side of the south bay
showed distinct glow as though the seismic stress had

warped open the thick shell over the still hot January
lava.

March 5 produced culmination of the northeastern open­
ing of rim cracks by collapse of the wall. At 11: 10 a. m.
much new debris was seen under the northeast wall and
a small avalanche occurred there. There were numerous
fresh cracks, back of the older ones which had been meas­
ured. The rim itself had fallen in as far back as the
measuring point at crack No. 31. E. G. Wingate ran levels
from the sandspit mark in the south end of Kilauea Crater
to the northeast rim of Halemaumau and discovered this
rim had risen 1.3 feet since the first half of September
1931. This means a swelling upward of the inner dome of
the Kilauea floor to accompany the opening of rim cracks.
At 3: 28 p. m. a section of the northeast rim 500 feet long
and 50 feet deep horizontally collapsed in a tremendous
avalanche, measuring points Nos. 2, 31, and 35, the danger
sign, and the protecting rope were all carried away, and
the material overlapped the 1932 lava floor for a length
of about 200 feet and a width of 20 feet. Most of this
fell after Saturday noon March 5, but the measurements
represent the total loss as seen at 9: 30 a. m. March 6.
The avalanche was accompanied by a small earthquake.
Blue fume continued vigorous SW and slight fume rose
from the glow cracks which were incandescent as before.
A northern slide occurred at 10 p. m. March 6.

The Observatory registered 125 seismic disturbances for
the week, including one moderate, 8 slight, 2 feeble, 37
very feeble shocks, and 77 tremors. Of these the spasm
of the afternoon of March 4 from 12: 53 p. m. to 6: 44 p. m.
included 1 moderate, 7 slight, 2 feeble, and 31 very feeble
earthquakes, and 16 tremors. This spasm indicated mostly

Map of Mount Baker in Washington, scale four miles to the inch, conto<ur interval

200 feet. Surveyed 1907-09, U. S. Geological Survey.
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Map of Mount Hood in Oregon, scale two miles to the inch, contour interval 100
feet. Surveyed 1924, U. S. Geological Survey.

a seismometric distance of two miles, corresponding to the
distance of Ha emaumau. Other indicated distances of the
week were 3, 4, 7, and 9 miles, some of which may have
been variation in depth under the Halemaumau center. A
very feeble shock of 11 p. m. March 1 was felt at Kapapala
and the slight shock of 4: 43 a. m. March 3, with indicated

distance of seven miles from the Observatory, was gen­
erally felt on the east side of the island. Microseismic
motion was moderate to weak, and tilting of the ground
was moderate S to SSE: this tilt was strong for two days
prior to March 4, and there were sudden tilts during the
earthquake swarm.

cano, also at Hilo, and at Kealakekua in Kona District. It
keeps a journal of Hawaiian volcanic activity and publishes
occasional Bulletins.

Membership in the Hawaiian Volcano Research Association Is
limited to patrons of Pacific science who desire personally to
aid in supporting the work.

The work of volcano research so supported is in collaboration
with the work of the United States Geological Survey, but sup­
plements it with buildings, research fellows. instrumental plants
explorations anel special investigations for which there is n~
governmental provision. The Geological Survey maintains vol­
cano stations in Alaska, California and Hawaii.

The Board of Directors includes Arthur L. Dean, President;
Frank '. Atherton and ,Val tel' F. Dillingham. Vice-Presidents;
L. Tenney Peck, Treasurer; \Vade Warren Thayer, Richard A.
Cooke and Wallace R. FalTington.

Persons desiring application blanks for membership ($5.00 or
more) should address the Secretary. Hawaiian Volcano Research
Association, 320 James Campbell Building, Honolulu, T. H.

THE VOLCANO LETTER

The Vol~.ano Letter combines the earlier weekly of that name,
with the former monthly Bulletin of the Hawaiian Volcano Ob­
8ervatory. It is published weekly, on Thursdays, by the Ha­
waIIan Volcano Research Association, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recor<1ing of earth processes.

Readers are requested to send articles, photographs, publica­
tions and clippings about volcano and earthquake events, in­
struments and investigations, especially around the Pacific.

Subcrlptlon for non-members two dollars per year of 52 num­
bers. Address the Observatory.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano belongs to the Hawaiian
Volcano Research Association and is leased and operated by the
United States Geological SurvAy.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter is not copyrighted. Editors please credIt.
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Diagram showing by heights of black columns the com­
parative frequency of Aleutian earthquakes, by numbers
of shocks, per month, at Kodiak and Dutch Harbor (Un'
alaska) seismograph stations of the Section of Volcano-

logy, U. S. Geological Survey. A. E. Jones.
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EARTHQUAKES RECORDED AT THE KODIAK AND

DUTCH HARBOR STATIONS

The United States Geological Survey is interested in the
seismic activity of the Alaskan volcanoes. Towards that
end the Section of Volcanology has placed two seismograph
stations at strategic positions. As these places are mor8
than 600 miles apart, neither records the smaller earth­
quakes local to the other. To facilitate a study of these
records, a map of the Alaskan Peninsula and the Aleutian
Islands has been prepared which is shown on Pages Two­
Three. On this map circles of successive 50-mile distances
have been scribed about the two stations. These 50-mile
zones aid in th. rough location of the earthquakes. With
better earthquake I' ception, or more stations. closer posi­
tions could be given. These records are for the purpose
of reconnaissance only.

Kodiak Earthquake Registration

The seismograph at Kodiak, Alaska, was put into opera­
tion early in August 1927 and was kept in operation until
September 1928. It is at the former AO'ricultural Experi­
ment Station on the hill back of Kodiak village. During
this period of 13 months, 35 earthquakes were recorded.
The majority of these were local to the Alaskan Penin­
sula. Fourteen of these quakes originated at distances of
100, 115, and 127 miles and could be attributed to either
the nearer active volcanoes of the Aleutian Range or to
the steeper part of the ocean bottom. There was one of
520 miles distance, reported from the Yakutat Bay region.
Fifteen were teleseisms that were outside the 'North Paci­
fic area. The remaining 20 shocks were at unassignable
distances, but show by the quick period of the long waves
that they were local to that area. Probably the 200-mile
circle would include them all. Lacking an attendant the
station was discontinued for a year.

The next series of records of the Kodiak station begins
in the middle of August 1929. During the five months of
1929, six earthquakes were recorded from distances of 20
to 60 miles. two of which were felt by many persons.
Thirty-one shocks were recorded that were not teleseisms
but show distances of origin otherwise indefinite, but are
probably not farther away than 200 miles. There are no
teleseisms listed for that period.

During 1930, 25 shocks came from distances of 20 to 70
miles away. One of these was strong enough to be felt
generally; it disman tied the seismograph. Fifty-one local
shocks of unknown distances of origin were recorded, and
only one of 83 miles distance, that could have originated
near Kukak Volcano. Six local earthquakes were appar­
ently strong enough to have be n felt, but were not so
reported. Only one teleseism is listed for the year.

Time used is Kodiak Standard (K.S.T.), 10 hours slower
than Greenwich.

Earthquakes recorded at Kodiak, Alaska

Lat. 57 0 48' 40" N; long. 152 0 24' 20" W; elev. 300 ft minns
Two Hawaiian-type horizontal pendulums weighing

about 70 kg. set up in N-S and E·W direction. Static
magnification 135 times with critical oil damping.

1931 Character KS.T. Distance iRemarks.
h.m. Miles

Jan. 1 Tremor 0 30 a.m.
2 Feeble 7 40 p.m. 157
4 15 Tremors p.m. 75-115 Two indicate dis-

tance.
7 Tremor 0 30 a.m.
7 Very feeble 3 00 a.m. 20
8 Very feeble 11 30 p.m. 83
9 Very feeble 1 40 p.m. 20
9 Very feeble 8 20 p.m. 143

11 Very feeble 3 15 p.m. 50 NE-SW.
11 Tremor 4 30 p.m.
14 Teleseism 5 p.m. Long waves.
25 Tremor 6 37 a.m. 110
27 Feeble 6 35 a.m. 215 or over. Begins in

hour mark.
Felt in Seward
and Anchorage.
Epicenter 61 0 N
150 0 W.

27 Teleseism 11 a.m. Part of a distant
earthquake.
Epicenter 31 0 N
108 0 E.

Feb. 2 Tremor 6 p.m. 100
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Map of Aleutian volcano belt, showing black the most active volcanoes. The rings aro
Soundings in Bering Sea at the north and Pacific

12 Very feeble 3 35 a.m.
16 Very feeble 3 20 p.m.
17 Feeble 2 50 a.m.
18 Feeble 2 15 p.m.

9 Tremor
10 Tremor
10 Very feeble 12 00 p.m.
25 Very feeble 1 30 p.m.
26 Very feeble 5 00 a.m.
29 Very feeble 0 55 a.m.

3 Teleseism 10 a.m.

100
32 or over.

NE-S'iV.
NE-SW.

NWSE.

NW-SE.267

108

55
32

74
78

106

p.m.
p.m.

00 a.m.
45 p.m.
00 a.m.
40 p.m.
55 a.m.
25 a.m.
50 p.m.
50 p.m.
30 a.m.

Tremor
Tremor
Slight 1
Feeble 9
Tremor 2
Tremor 2
Very feeble 0
Tremor 1
Feeble 9
Very feeble 2
Very feeble 2

25
25
26
29
31
17
20
20
25
7
9

Dutch Harbor Earthquake Registration

The Dutch Harbor seismograph was installed July 1929
and has been run continuously. During the last half of

Over 30 similar
earthquakes hav­
ing no recogniz­
able P phase be­
tween Dec 8 11
p. m. and Dec. 9
7 a. m.

11 Very feeble 8 30 a.m. 305 20 to 25 tremors
during 7:30 to
9:30 a. m.; no
distances assign­
able.

In the above record there were 19 local quakes that
originated at distances of 20 to 80 miles. Four of these
came from 74 to 78 miles away and could have originated
under the near side of the volcanic Aleutian Range. Seven­
teen occurred at places from 80 to 320 miles away, and it
can be estimated that a fair percentage of these were
from near volcanoes. There were 13 shocks, mostly graded
as tremors, as well as three swarms of 13, 30, and 20, to
which there could be assigned no epicentral distance other
than that they were not farther away than about 200 miles.
Parts of five teleseisms were recorded.

Dec.

Nov.Epicenter 58° N
158° W.
NW-SE.

Long waves, part
of earthquake.
Epicenter in Balu­
chistan 30° N 67°
E.

600 0 I' g I' eat e r-felt
locally.

147
320

32
74
18 NW·SE.
30 or over.
64 ?

110

55 NE-SW.
60
55 NE-SW.

160 or greater.

Part of Solomon
I s I and s earth­
quake, epicenter
10° S 161.°4 E.

46 NE-SW.
64

172 NE-SW.
50 NW-SE.

3 50 p.m.

7 30 p.m.
7 00 p.m.
7 35 p.m.
2 00 a.m.

10 17 a.m.
2 15 p.m.

7 15 p.m.
3 00 p.m.
6 20 a.m.

5 05 p.m.
p.m.
a.m.
p.m.

10 45 p.m.
6? 15 p.m.

1 Teleseism

14 Very feeble
16 Tremor
27 Very feeble

5 Tremor
26 Tremor
26 Tremor

1 Tremor
22 Tremor
27 Teleseism

18 Very fe hIe
21 Tremor
22 Tremor
22 Tremor
16 Feeble
28 FeeiJ e

Apr.
May

July

June

Oct.

Aug.

Mar.

Sept.
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nd Kodiak and Dutch Harbor seismograph stations are progressive 50 mile distances.

)cean at the south are in fathoms. A. E. Jones.
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30 35 tremors p.m. 23-28-32-37-51 59; one
at each distance.

31 Tremor 5 02 p.m.
Feb. 1 Tremor 5 30 a.m. 57

3 Tremor 2 00 p.m. 23
10 Tremor 5 30 p.m. 64 or 92; according to

interpretation of
phases.

11 Tremor 9 25 a.m.
13 Tremor 4 10 p.m.
15 Tremor 7 30 a.m.

Mar. 2 Very feeble 7 30 a.m. 120
2 Tremor 11 35 a.m. 46

27 Tremor 5 40 a.m. 147
29 Feeble ePEN 9 26 28 a.m. Felt in Dutch Harbor.

iSE 9 27 01 106 ESE.
29 Slight ePN 11 13 36 a.m. Felt in Dutch Harbor.

iSE 11 14 08 147
29 Tremor 0 52 p.m. 120 or over.

Apr. 3 Tremor 7 25 a.m. 111
5 Tremor 4 15 a.m. 64

18 Tremor 8 30 p.m. 140 or over.
May 4 Tremor 10 55 a.m. 51

5 Tremor 2 15 a.m. 147?
9 Tremor 7 00 a.m.

20 Tremor a.m.
20 Tremor 0 10 p.m. 23?

June 19 Tremor a.m.
27 Very feeble 0 50 a.m. 46 NW-SE?
27 Tremor p.m.

July 12 Tremor 5 30 p.m. 46
13 Tremor 1 45 p.m. 50?
1 *Teleseism 3 20 a.m.

Remark:>

42

60

6 45 p.m.
4 30 p.m.

p.m.

Tremor
Tremor
Tremor
Very feeble
Tremor
Tremor
5 tremors;

2
3
6
9

11
23
28

that year one shock was recorded from a distance of 37
miles. Akutan Volcano, about 30 miles to the east, was
in eruption during the late summer and autumn, and it
is more likely that this earthquake occurred there than
under the slope of the ocean deep to the south. Eight
shocks occurred in the next zone and can be assigned
either to the volcanic i land Umnak or to the slope of the
deep. Six other local qual es of unknown distances were
recorded and one teleseism. No earthquakes were re­
ported as felt.

During 1930 four shocks were definitely from within the
first zone. One on ovember 6, 1930, at 3: 20 a. m. local
time, was felt very strongly at Dutch Harbor and originated
46 miles away. Six more shocks were from th second
zone and two occurred at greater distances. There were
also 15 local quakes from unknown distances. Only one
teleseism was recorded during the year.

Time used is Pacific Standard Time, (P.S.T.) 8 hours
slower than Greenwich.

Earthquakes Recorded at Dutch Harbor

Lat. 53° 53' 09" N; long. 166° 32' 05" W; elev. 15 ft.
Two Hawaiian-type horizontal pendulums weighing about

70 kg., set up in N-S and E-\V directions. Static magnifi­
cation 135 times with critical oil damping.

1931 Character P. S. T. Distance
h. m. Miles

8 25 a.m. 69
11 00 a.m.
8 35 p.m.

Jan.

* The Jesuit Seismological Association lists the following 1931 distant earthquakes from this region: May 27, Lat.
56° N Long. 168° E, Commander Islands off Kamchatka; May 29. 58° N, 158° W, Bristol Bay west of Katmai; May 30,
52° N, 177° E, near Kiska and disastrous at Attu; July 18,58° N, 169° E, west of Kamchatka. The May 29 shock was
registered at Kodiak, and that of July 18 at Dutch Harbor.





They probably could have been felt by anyone over, or
near, their origin. After having traveled 50 or 100 miles,
the earthquake waves have so decreased in size that they
are barely registered as tremors on the receiving seismo­
graph. The Kodiak station recorded 36 of these tremors,
only 10 being pronounced enough to show distance by the
Sop in tel' val. They fall into groups of 30, 70, and 105 miles.
The Dutch Harbor station recorded 105 tremors, 35 indicat­
ing distance. Most of these originated at distances from
20 to 150 miles away.

The volcanic magma underground on the Alaskan Penin­
sula near Kodiak may be about as actIve as that near
Dutch Harbor if seismic distance is considered. The latte!'
station is at about 8 and the form I' at 80 miles distance
from part of the Aleutian volcani<.: rift. If we compare
the tremors received at Kodiak from 100 to 115 miles, with
those re eived at Dutch Harbor from approximately the
same distance, there are five in each case received on in·
struments of nearly equal sensitivity. Referring to t11e
map, there are volcanoes at those ranges from each station.

While there are only two indicated 100 miles on each
side of Dutch Harbor, there are other smaller craters un­
located, near both Vsevidof and Pogromni, and both
Unimak and Umnak islands have produced recent erup­
tions. The Katmai group is 100 miles from the Kodiak
station. (See Volcano Letter No. 375.) A.E.J.

KILAUEA REPORT No. 1051

WEEK ENDING MARCH 13, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

On March 7 fume from near the foot of the southwest
talus was as strong as on previous days. The fuming spot
under the west wall was inactive. Cracks were measured
and showed little change. Two new measuring points were
established on the northeast rim back of the area which
avalanched last week. A slide occurred from the NE wall
at 10: 32 a. m. The seismograph at Halemaumau registered
sudden tilt in the morning, without tremor, to the east,
and a gradual tilt to south. Two glowing cracks reported
last week were plainly visible in the evening.

Dust from an avalanche was seen March 8 at 1: 13 p. m.
from the Observatory. A small quake was felt at Hale­
maumau at 2: 07 p. m. A few rocks were heard falling.

Nothing new was observed during a circuit of the pit
on March 9 in the forenoon.

Much dust from big slides was seen about 1 p. m.
i\1arch 10.

On March 11 much fume was visible from the Volcano
House, rising in concentrated puffs during the forenoon.
At 10:08 a. m. there was a small slide from the northwest
wall. Sulphur stain lowly increases about the fume spots.
A slight widening of cracks was noted northeast. The
glow from one of the cracks has nearly disappeared. The
crack southwest of this continues to be visible at night,
but not so bright as formerly.

On the evening of March 12 one glow-crack remained
visible. On March 13 fume activity showed no change. A
quake at 8:26 a. m. registered stronger on the Halemau­
mau seismograph than at the Observatory. Moderate tilt
to the east was registered during a quake at 1:15 a. m.

The seismographs at the Observatory recorded 41
tremors, 12 very feeble seisms, and one feeble seism at
11: 04 p. m. March 8 felt in Hilo. A very feeble seism at
1: 15 p. m. March 11 was also report.ed felt in Hilo. Dis·
tance phases of most of the disturbances indicate origins
near Kilauea. Microseismic motion was moderate for the
first three days of the week, followed by two days of strong
microseisms, and decreased to light at the close of the
week. Average tilt for the week was strong SSE.
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19 Very feeble 0 05 p.m.
24 6 tremors p.m.
24 Tremor 8 20 p.m.
29 8 tremors 11 a.m.

12 m.

Aug. 2 Tremor 0 10 a.m.
5 Tremor 2 05 p.m.

8 Very feeble 4 45 a.m.
8 Tremor 5 15 p.m.

9 3 tremors
11 Very feeble 6
11 Tremor 8
11 14 tremors 4

8
14 Feeble
14 Tremor 6
15 Tremor 4
19 Tremor 6
19 Tremor 6
24 Tremor 3
31 Tremor 6

Sept. 2 Very feeble
8 Tremor 8

18 Very feeble
Oct. 2 Very feeble 4

10 Teleseism
10 Tremor
10 Tremor 6
14 Feeble 2
17 Tremor 6
17 Very feeble 8

Nov. 22 Tremor
23 Very feeble

Dec. 1 Very feeble
6 Moderate 11

NE-SW.
ENE-WSW.
NE-SW. Felt by
all. Seismographs
d ismantl ed;
dishes rattled.

14 Feeble a.m. 125 ENE-WSW.
23 Teleseism 9 45 a.m. 900?

In the above table 13 earthquakes originated in the first
zone about Dutc Harbor, while 17 were in the second
zone, 11 in the third zone, possibly two in the fourth zone,
two outside the zones at 330 and 360 miles, and two more
occurred at the probable distances of 500 and 900 miles
away. Four teleseisms were recorded completely or in
part. One from the Kamchatka region was remarkable
for its large single S period. At least 70 local earthquakes
were recorded in such small amplitudes that no distance
could be determined. During the summer of 1931 there
were over 200 artificial disturbances. probably caused by
workmen. There were t.hree eart.hquakes reported felt at.
Dutch Harbor. The accuracy of the location of earth­
quakes in these zones is largely dependent on the depth of
focus of the earthquake.

During the years 1929-30 the Kodiak station recorded
about 2% times as many earthquakes as the Dutch Harbor
station, while in 1931 the Dutch Harbor station recorded
37 per cent more. This would seem for seismicity to
parallel Petroff's statement for volcanicity, that when the
volcanoes in one part of the Aleutian chain become quiet,
others in some other part of the chain become active. This
relative localized shift of seismicity also shows in the
graph.
Tremors

The numbers of tremors in the tables stand out. Three
times as many were recorded by the Dutch Harbor seismo­
graph as were recorded by the Kodiak seismograph, prob­
ably because Dutch Harbor is much nearer the subter­
ranean volcanic rift line. They are seismic in character,
representing sizable shocks when originating at a distance.

Readers are requested to send articles, photographs, pUblica­
tions and clippings about volcano and earthquake events, In­
IItruments and Investigations, especially around the Pacific.

Subcrlptlon for non-members two dollars per year of 52 nUm­
bers.. Address the Observatory.
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Stucco building damaged by earthquake of August 31, 1926, in Horta, Azores.
Photo Agostinho.

FREEMAN'S BOOK ON EARTHQUAKE INSURANCE

This monumental work of 904 pages ("Earthquake Dam­
age and Earthquake Insurance,' by John Ripley Freeman,
McGraw-Hili, 1932) includes "studies of a rational basis
for earthquake insurance and of engineering data fOr
earthquake-resisting construction."

The twenty-two chapters cover: the present situation;
earthquake causes and motion; measure of earthquake
violence; frequency and violence in the United States and
Canada; the narrow destruction zone; structural lessons
from San Fnncisco and Charleston; structural safety and
local "-round; structural lessons from other American
earthquakes; earthquake-resisting buildings in Japan 192&;
lessons from Italian earthquakes; lessons from Nicaragua
and New Zealand; prediction of time, place and damage;
figures on earthquake loss ratio; insurance rates by stock
companies; affiliation of earthquake and fire insurance;
municipal building codes; textbooks on earthquake-resist­
ing de ign; shaking tables; the motion of the ground in
an earthquake; design of earthquake-resisting buildings;
data from seismograms; suggestions for a program of
earthquake research.

This book by a great engineer, President of the Manu­
facturers Mutual Fire Insurance Company, is something
entirely new in the realm of seismological literature. It
is a book which should be in the office of every large cor­
poration interested in insurance of its property, and still
more in every office interested in writing property insur­
ance. The earthquakes of California, Japan, Central Amer­
ica, Italy, and New Zealand, in recent years accompanied
with conflagration, and affecting large cities containing
modern expensive structures, have created a new problem.

This problem is the economic one of enforcing adequate
construction to resist either earthquake or fire or both.
Mr. Freeman states in the introduction:

"The following pages are addressed to structural en­
gineers, insurance executives, and property owners. In
the beginning the author was by no means so well con­
vinced of the prudence of writing earthquake insurance
as he has become by studying the information accumulated.
The facts brought together demonstrate that the actual
hazard is really extremely small when considered as a
mathematical ratio. Earthquake insUl'ance might advan­
tageously be incorporated in every fire insurance policy
at remarkably small additional cost. Local building laws
should be remodelled. Destructive earthquakes are in­
frequent, area of destruction is small, successfUl resistance
of many buildings is remarkable, average proportion of
damage is small, and earthquake-resisting buildings can
be built at small additional cost."

Construction requirements are summed up as follows:
"All buildings in a region liable to earthquake violence,
equivalent to that of the known seismic regions of Italy,
Japan, and of the United States, should be designed to
resist a horizontal earthquake force, applied at each fioor
level, equal to one-tenth of the weight of all of the struc­
ture above that level, plus the weight of the actual con­
tents, resting upon the floors, including the root"

This amounts to provision for the application of a hori­
zontal force of one-tenth of the weight of superincumbent
structure and contents, applied at each portion. Require­
ment in building codes anywhere, of design to withstand
one-twentieth of superincumbent weight horizontally ap­
plied suddenly. is recommended as a part of the structural
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factor of safety against all emergencies of wind 01' quake.
The utmost practicable structural rigidity is desirable.
The oscillation period of a building should be as short as
possible.

Prediction of time, place, and damage from earthquakes
presents a variety of problems. Place and time are
wholly generalized with reference to the future. Meteor­
ological, electrical, and astronomical controls are un­
reliable. Tidal stresses probably have some effect. Earth­
tilt as a forerunner of earthquakes is coming to be re­
garded as important in Japan. Location of concealed slip­
ping planes in motion is the subject of an elaborate in­
strumental investigation near Los Angeles. An engineer­
ing survey in advance is quite capable of predicting ex­
pectable damage in any locality, in case a great earthquake
sbould occur, by report on the stability of the ground and
the quality of design in structures. With reference to
maximum expectable violence, it is improbable that any­
thing bigger than the earthquakes of the past will happen.
And it must be remembered that fire did most of the
damage in several of these.

The earthquake insurance hazard at Los Angeles is
probably a very little smaller than that at San Francisco.
A region of greatest earthquake frequency may possibly
be the safest. A region of fewest earthquakes may give
the greatest loss when an earth-slip does come. Certain
belts are liable to recurrent great earthqnakes. Such
places have immunity periods after the last great shock.
Soft fluvial or made land deposits are shaken much more
violently than rigid ground. Rigid buildings of good de­
sign and faithful workmanship will be found practically
earthquake-proof. A rigid massive foundation is important.
The expected loss ratios on American experience are 3 per
cent for steel-concrete and wood-frame on good founda­
tions, 5 per cent for steel-brick and well designed factories
of brick in ceme t mortar, 10 per cent for brick residences
not exceeding 4 stories, 25 per cent on brick-veneered
buildings with wood or concrete frames, and 50 per cent
for concrete-block and hollow-tile buildings. Stone build­
ings are not mentioned.

The following is Mr. Freeman's probable loss ratio for
the United States. The expected average earthquake dam­
age in cents per year for 3100 of structural value is:

California, coast _ 10 cents
California, great valley -................ 5 cents
Califoraia, Sierra 7 centl;'
Washington and Oregon, coasL........ 6 cents
'NashingtOl and Oregon, inland.......... 4 cents
Rocky Mountains _........... 3 cents
Northern mid-continent 1 cent
Mississippi bottom lands __ ._.... 2 cents
Great Lakes region .. .__ .__________ 1 cent
Atlantic region, interior __ __ __ lh cent
Atlantic coast ....... .. 1 cent

One cent per 100 per year is equivalent to an average
damage of 1 per year on a house worth $10,000.

The discussion of insurance is elaborate, by districts,
and types of construction. Roughly the total earthquake
damage (excluding fire) in the United States and Canada
in a hundred years has been forty million dollars. It must
be remembered that San Francisco in numerous earth­
quakes has lost only $20,000,000, as compared to $414,000,­
000 by four conflagrations. Premiums differ from probable
loss in that overhead must be added.

In San Francisco, if the owner insures for not less than

70 per cent of cash value of property against earthquake,
he pays a premium rate, per $100 value pel' year, of from
15 cents to 2.50 progressively from Class I to Class VIII
of buildings, and must himself assume loss from 5 per cent
to 15 per cent of the total value in such matters as cracked
plastering or minor cracks in walls. This proviso enables
the insurance company to avoid payment for earthquake
damage on a iarge proportion of all buildings, where the
loss does not exceed this percentage.

East of the Rockes there are four rating zones, the high­
est risks being places of historical earthquakes such as
South Carolina, New England, and the New Madrid region
of the Mississippi; the lowest are the central states and
the Gulf coast. The lowest rate is 4 cents per 100 per
year, or 5 per year on a wooden dwelling valued at $12,­
500. In Zone 1 of greatest risk, this $5 would purchase
earthquake insurance of only 5,000 on a wooden house.
As before there are several classes of structure of pro­
gressively greater risk and higher premium.

The book is profusely illustrated. There are splendid
airplane views of the new city district construction in Los
Angeles and San Francisco. There are many isoseismal
maps of earthquakes, panoramic photographs of onflagra­
tions such as San Francisco, diagrams of the possible roller
joints in a design for the basement supports on an earth­
quake-proof building, diagrams of the displacement effects
of earthquakes on buildings, distribution diagrams fo1"'
severe earthquakes; a discussion with diagrams of the
triangulation displacement in California published in 1924,
which contained an error of 24 feet of alleged crustal
creep, and the correction of this in 1928; pictures of earth­
quake effects on all kinds of structures in many lands, and
very modern photographs of the ruins in Managua and
Napier.

Mr. Freeman has been recently in Japan and has been
much impressed by the admirable work of the Japanese
engineers ill reconstruction. He is equally impressed by
the inadequacy of much seismological work, as concerned
with the needs of theory rather than the needs of humanity
and engineers. Mr. Freeman considers the devotion to
"acceleration" in mathematical studies of earthquake dam­
age as "worship of a false god." The assumption of har­
monic motion, the formula based on amplitude, period and
gravity, and the short time within which the maximum
change of motion acts, all render this theoretical accelera­
tion of small value where the relatively prolonged racking
of building and ground in several directions is involved.
Freeman is greatly interested in the experiments on model
huildings, with mechanical shaking machinery, made in
Japan and at Stanford University. He is everywhere im­
pressed by the lack of real knowledge of the earthquake
at the place and time where the damage is done.

He concludes with twenty-two recommendations for a
practical program of earthquake research, including sys­
tematic study and translation of the Japanese works; study
of dominant local oscillations; make research on artificial
explosions; extend the shaking-table research; develop
a strong-motion seismograph and place it; investigate all
factors of public safety in every American earthquake
through the U. S. Geological Survey; run levels and
straight reference lines in critical places; establish tilt
measuring lines; reoraanize the Seismological Society of
America along the lines of protection of life and property;
and get contributions for research from the great power,
construction, and insurance corporations. He concludes
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with an apt quotation from the late President Branner:
"The registration of an earthquake two thousand miles
away can hardly be expected to interest a man whose
family lies buried beneath the ruins or a house built of
improper materia:s upon ground that any geologist might
have told him to keep away from." T.A.J.

KILAUEA REPORT No. 1052

WEEK ENDING MARCH 20. 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

Several slides occurred in Halemaumau during the fore­
noon of March 14, one largel' than the others at 9: 37 a. m.
over the north wall buttress. Fume appeared about the
same. A very slight widening of the northeast rim cracks
continued. At night, 8: 30 to 9: 30, a circuit of the pit was
made to locate possible glow spots. Only the one place
noted last week, at th southeast, was visible, and this
was brighter and larger when viewed from the northeast

rim. On March 16 fume sho,ved little change, except that
in the foren:Jon about 11 o'clock none could be seen at the
foot of the west wall. At 3: 30 p. m. blue fume was plainly
visible from the Observatory. On March 17 at 10: 15 p. m,
fume was again easily visible, and rose from a stained spot
by the west talus. At 10: 30 a. m. March 18 fume was strong
at the same location. On the 19th fume appeared during
the forenoon to have decreased slightly. Sulphur stains
were quite heavy about the fume spots. Conditions were
quiet at Halemaumau. The pit was visited about 7 p. m.
ancI two glowing spots were found at the southeast.

The seismographs at the Observatory recorded 35 trem­
ors, four very feeble seisms, and two feeble seisms. Of
the very feeble sei ms, one showed origin di tance about
4 miles, one about 9 miles, and two about 16 miles. Both
feeble quakes showed ol'igin distance about 23 miles. One
at 6: 31 p. m. March 18 was felt at Kilauea and Hilo; the
other at 8: 11 p. m. March 19 was felt near Kilauea.

Tilt for the week was strong S"', l\Iicroseismic motion
was light the first day, moderate the next two days. strong
two days, and moderate the remaining two days of the
week.

Japanese seismograph designed by Imamura, with three pens writing on a single

drum covered with smoked paper. Time marked by lifting pen tips with electro­

magnets connected with a wall clock. Pendulums record up-down, east-west,
north-south motion and are damped with horseshoe magnets.
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A seismogram or earthquake autograph written at Kilauea Volcano. The record of crater movement when

an eruption stopped. Tremulous upper lines record the eruption. Crowding of lines records tilt. The

two groups of crowded oscillations are earthquakes.

cano. also at Hilo, and at Kealakekua in Kona District. It
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Novarupta dome of siliceous soda rhyolite, near Katmai in Alaska, which rose in 1912 in the bottom of a new explo­

sion crater in a valley, and developed a heap 800 feet aer oss and 200 feet high. Photo National Geographic Soeiety.

WILLIAMS ON LAVA DOMES

An essay of unusual importance for volcanology, with
excellent illust tions and a thoughtful, philosophical sum­
mary of conclusions has just been published by Dr. Howel
Williams (The History and Character of Volcanic Dom s,
Bull. Dept. Geol. Sci., University of California, Volume 21,
No.5, Berkeley 1932, 95 pages, 37 figures).

Dr. \Villiams became interested, in the subject of lava
flows which arise so stiffly as to build up at once a lug
or dome, by his work at Lassen Volcanic National Park
where there are 13 uch dome within an area of 50 square
miles on an even grander scale tban the puys of the
Auvergne. Massive protrusions are now known to be com­
mon manifestations of olcanic activity. There are plug
domes which represent upheaved conduit fillings, domes
that grow essentially by expansion from within, and domes
built by surface effusion. In the last class the large Ha­
waiian overflow beapings are better de cribed as "shield
volcanoes."

The domes described consecutively are those of the
Caribbee Islands including notably the dome and spine
of Mont Pelee and the dome at the volcano of Guadeloup .
Next come the Central American domes of Santa Maria
in Guatemala, Popocatepetl ill Mexico, and some minor
ones in th se countries. South America has numerous
lava domes which are imperfectly known, of which the
best example is the acid andesite dome, consisting of
viscous hardened lava, having an extremely jagged sur-

face, from which steam and fragmental eruptions con­
tinually issue, in the crater of Galeras Volcano. In North
America, besides the Lassen domes there are those in the
chain of craters south of Mono Lake, California. Here at
Panum Crater the obsidian lava was so nearly solid that
it rose with essen tially vertical walls to about 150 feet
without exilibiting a tendency to flow in any direction,
so that a deep moat separates the dome from the surround­
ing rim of lapilli. At the Marysville Buttes in California
there ar banded rhyolites which form intrusive domes
among Tertiary sediments along the flanks of an andesitic
laccolith, steep-sided and of oval outline from a quarter
mile to a mile in length. They were viscous and contained
steam, and the rise of the domes was attended by violent
steam explosions, some of which blasted a crater, measur­
ing a mile in diameter, through the core of the laccolith.
Next come descriptions of Bogoslof in the Aleutian Islands
and its numerous domes, and of the remarkable siliceous
dome of Novarupta near Katmai on the Alaskan Penin­
sua. "The rise of this dome, like that of almost all domes,
was preceded by strong pyroclastic explosions, whereby a
crater almost three quarters of a mile in diameter was
opened," and coarse ejecta measuring eight feet in diameter
were flung a ('[uarter mile from their source. The explosive
phase was followed by the welling up of viscous magma,
which as it was slOWly thrust upward broke into huge
blocks. It was heaped about 800 feet in diameter and 200 feet
high. The glassy lava is banded in general parallel to the
margins. "Apparently the magma rose to the surface
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by the active solution of the country rocks, retaining its
heat largely by gas reaction. The original magma was a
siliceous soda rhyolite with 75 per cent of silica containing
partly fused inclusions of andesite country rock with 62
per cent of silica."

Next corne descriptions of Tarumai and Usu domes in
Japan, Merapi and Galunggung in Java, and Ruang in the
Sangi Islands. A submarine dome during April, 1904, ap­
peared in these islands, and after 1913 three rocks were
left emergent above the water. In 1919 a short-lived dome
rose above the surface, forming an island 70 meters in
diameter and up to 12 meters in height. It consisted of
lava blocks of amphibole andesite. There are many other
stiff lava domes in the craters of the Dutch East Indies.

Ascension Island in the Atlantic has crater domes of
trachyte, and the trachytic eruptions were in all cases
preceded by eruptions of lJasalt. The protrusion of the
domes followed long periods of dormancy and was heralded
by explosions flinging up obsidian ejecta. The explanation
appears to be that after the early outpourings of basalt,
the residual magma became differentiated and capped by
a siliceous slag. "This sequence of events thus affords
another instance of the explosion of a gas-rich, differenti­
ated magma, followed by the quiet upwelling of pasty lava
to form" interior heaps in the craters, a sequence appar­
ently common in dome eruptions. The trachytes are poor
in vesicles in contrast with the rhyolites and basalts. The
diameters of the Ascension Island domes are 400 to 500
meters, and the heights 200 meters more or less. In the
Ragged Hill dome, the dome structure is indicated by a
pronounced concentric rifting, with plates dipping away
35 degrees, and the platy structure apparently due to
thermal contraction. There are inclusions of common
basalt in the trachyte. In the case of the Riding School
dome, the trachyte flowed over the rim of a basaltic crater
after forming a large body in the center of the depression,
and then after making a thick flow 700 meters long away
from the crater, the surface of the inner dome sank back
to form a basin. This withdrawal of magma in the center
happened in another dome where the platy structure has
an inward dip of from 2 to 5 degrees. At St. Helena there
are phonolite domes more deeply eroded than those on
Ascension Island, the iargest of which, called Great Stone
Top, was originally 300 meters high, was fed by a dike
only 10 to 15 meters wide, and was accumulated, not in
an old crater, but on an almost level floor of basalt. In
Samoa there are rhyolite and trachyte domes closely
analogous to those of Ascension Island, here also over­
lying older basalts.

The puys of the Auvergne in France have black basaltic
cinder cones with pale-colored craterless domes of trachyte
within them, and Scrape in 1825 described them correctly.
He observed that basalts tend to yield low, broad cones,
because of their high fluidity, whereas lavas of "low speci­
fic gravity, especially when combined with a coarse, crys­
talline texture, will occasion a minimum of fluidity. The
trachytic lava seems to have risen upwards from the vent
in so pasty or imperfectly liquid a state as to have ac­
cumulated above it in the form of a dome or bell, just as
would a body of melted wax, or one of moistened clay, if
forced outwards through an orifice in the cover of any
.can taining vessel."

The domes of Auvergne are divided into three types,
(1) Pelean domes, acid and basic, (2) Pelean domes
with craters or with trachyte ejecta, (3) domes with

elevated portions of the adjacent rocks. The augite
trachyte dome of the Grand Sarcoui has the form
of an overturned bowl with a maximum slope of 60 de­
grees, measures 750 meters across the base, and is 250
meters high. It has a smooth surface and no rock pin­
nacles, due apparently to the lava haVing poured uniformly
in all directions from a summit vent. On the east flank
there are quarries revealing buried talus and the rough
structure of an underlying pinnacled dome. This inner
heap was of the Pelee type and the overflows at the top
were a late phase. In the Puy de Dame there has been
left an irregular truncated pyramid 550 meters high. It
is a trachytic protrusion covered by debris from a summit
vent. Lacroix explains th sequence by the opening of a
fissure in the underlying rocks consisting of granite, gneiss,
etc., permitting lava that was partly viscous and partly
solid to rise to the surface and build a steep dome. Its
crust crumbled, forming great banks of talus cemented
by fine dust. Both dome and talus are biotite trachyte.
Later eruptions from a new summit crater deposited frag­
ments including pieces of the bedrock pumice, breadcrust
bombs, and angular pieces of trachyte. The trachyte
ejecta of these final eruptions differed mineralogically
from the materials of the dome, and in texture from glassy
to coarsely crystalline. The same thing was observed in.
the dome of Mont Pelee.

The Gulf of Santorini, in the island of Thera of the
Grecian Archipelago, produced the first dome eruption well
known to European geologists. In February 1866 a new
islet appeared in this crater bay composed of lava blocks.
pumice, and bottom debris. Steam explosions were fre­
quent. The mass grew without earthquake or visible pro­
jection of fragments, silently, but so rapidly that it seemed
like the blOWing of a soap bubble. It seemed like an ex­
pansion movement with the rocks incessantly displaced
from the center towards the edge. On the second day the
growth was from the edge towards the center. The dome
above water measured 70 to 30 meters and was 20 meters
high. One could walk on top, although the lava was still
glowing beneath. There was no summit crater, but rather
a confused heap of big blocks grayish in daytime, fuming,
and at night lighted by incandescence, while the lower
slopes were covered with cooler debris. There were long
crescentic fissures, almost complete circles, on top of the
dome. Similar cracks have been observed at Novarupta,
Alaska, and at Chaos Crags near Lassen. The first San­
torini dome was named Georgios, and on February 15 a
second dome, Aphroessa, rose quietly above the sea on its
flank. Within two days it grew enormously, and in five
days its length had reached 380 meters. Its mode of
growth, like the first dam . showed nothing but a progres­
sive displacement of lava blocks. There were, however,
occasional eruptions of cinders and lapilli which decapit­
ated and flattened the Georgios dome. On March 8 this
measured 350 by 100 meters and stood 50 meters high. The
blocks were either scoriaceous or compact glassy an­
desite. There was an incessant crackling noise and a
tinkle like broken porcelain. The fumaroles had tempera­
tures up to 300 degrees C. and the vapor contained hydro­
chloric and sulphuric acid. On March 10 a third dome,
Reka, arose still more quietly without any crackling of
blocks breaking asunder in cooling. This heap became
joined to Aphroessa. Fouque called these domes cumulo­
volcanoes. New hillocks of blocks were piled up and de­
stroyed, the shapes changed, the rates of growth varied,
and Georgios developed a pile of blocks on top enclosed
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by a circular trench. The end of the activity was on
Georgios in October 1870, four years and eight months
arter the beginning of activity, and the new islet finally
stood 120 meters above the sea.

Fifty-five years later in September 1925, the same kind
of activity was renewed when Fouque dome appeared near
the earlier island, circular in plan, 150 meters in diameter,
and 50 meters high above a plateau of new lava on Sept­
ember 19. The shape of the dome continually Chang~d.

There were violent eruptions and a continuous redistribu­
tion of the loose blocks. The explosions sent up black
cauliflower clouds. The temperature of the upper part of
the interior of the dome was 700 0 to 800 0 C., there was no
definite crater, and small jets of white vapor were emitted
all over the surface. The vulcan ian explosions took place
from different places, mostly near the summit, blowing
out loose blocks which fell back, and occasionally decapi­
tating the dome. The blocks were solid and angular, dense,
vitreous, and black, and there were no well·defined bread­
crust bombs. There were concentric crevices which made
a thin ring of bright red incandescence, and in daytime
semicircular batteries of narrow jets of gray vapor which
formed a crown around the dome. The lava flows asso­
dated with the dome had blocky crusts over compact
vitreous lava free from vesicles. One small dome on the
surface of the flow exhibited concentric banding. In the
'Georgios dome the lava contained many basic inclusions,
very little gas, very little combined water, 65 pel' cent of
silica, and nuy be called a glassy pyroxene dacite.

In 1831 an island formed by submarine eruption near
Pantelleria in the Mediterranean appeared on July 16, had
become 65 meters high and 3700 meters in circumference
early in August, and was washed a way by the end of
Dctober. The material was volcanic sand, lapilli, and
'Scoriae arranged in strata around a crater. There appears
to have been an upthrust of lava in viscous condition and
broken at the top, similar to Bogoslof. There was trachytic
pumice. but the island was basaltic. There was much car­
bon dioxide g-as.

Other domes are described in the Lipari Islands and in
the older lavas of Italy, in the Eifel region and elsewhere
in Germany, in the Milos Archipelago of Greece, among the
Virunga volcanoes of East Africa. in Kamchatka. in the
Philippines, in Iceland, in the Azores, and in several places
in California including the flanks of Mount Shasta.

Summarizing the characteristics of dome outflow, the
largest are one to two miles across and the smallest only
a few meters. In shape most of them are truncated domes
and pyramids with lower slopes concealed by talus. Break­
ing up of crusts during upheaval, and the formation of
concentric or radial ridges are characteristic features.
Slickensides or scrapings are often to be seen along
the walls of fissures. Glassiness is very charac­
teristic of the lava of domes, also porphyritic
structure, and and the upwelling of the lava is pre­
ceded by explosions flinging out pumice and tuff. There
are usually many basic inclusions. The rocks are mostly
andes ties. trachytes, and rhyolites. The temperatures at
times of protrusion are estimated to have been less than
850 0 C. Shepherd and Merwin estimated that the gas pres­
sure inside the Pelee dome was about 100 atmospheres.
Inten e solfa~aric action is seldom conspicuous during and
after upheaval. The gas content of the lavas is small,
0.15 per cent by weight at Lassen, 0.10 per cent at San­
torini. The breadcrust bombs of Pelee contain six times
as much gas as the material of the dome. The gases listed
as extracted from rock of Pelee, Lassen, and Kilauea show
excessive carbon dioxide, suiphur, chlorine, and fluorine
for the former and relatively high hydrogen and carbon
monoxide for an aa lava of the latter. Lassen Peak an­
desites have excessive combined water. One is impressed
by the great excess in all these analyses of HoO, 70 to 96
per cent, as compared with H o, one per cent or less; COo,
one to 20 per cent, as compared with CO, measuring from
less than one to three per cent; and SO" on the other
hand, always less tllan one per cent, is in less amount
than the sulphur from which it is derived, which ap­
proaches one or two per cent. The un oxidized hydrogen
reaching its maximum in the Kilauea lava (6.18 per cent),
and the fact that one of Day and Shepherd's anaiyses of
the gas from the liquid lava yielded seven per cent, makes
it reasonable to suppose that hydrogen is the fundamental
volcanic gas, but that it oxidizes during the rise of magma
and consolidation, just as do the metallic ingredients in
combination with silica.

The rate of growth of domes is rapid. That at Santa
Maria rose 100 meters in a week, the dome of Mont Pelee
rose 25 meters in a day. that of Tarumai rose 100 meters
in four days. The internal structure may have concentric
layering. or it may have fan structure, or it may spread

Lava heap of Bogoslof Volcano in the Aleutian Islands, surrounded by warm salt-water lagoon and ring bars

of explosion debris. Activity of 1926-28, photo Wheeler.
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In distance Santa Maria Volcano in Guatemala after eruption of November 2, 1929,

in middle distance the lava dome which had risen in the crater in the flank of the

volcano, and in foreground gigantic bowlders carried with floods of the eruption.
Photo Sapper and Termer.

with irregular fissuring and sprouting like aa lava. In
most cases talus forms around the border. The propelling
force WiIIiams considers to be the expansive pressure of
internal gas, and generalIy the dome is the top of a plug
forming a seal to the conduit at the close of an active
period. T.A.J.

KILAUEA REPORT No. 1053

WEEK ENDING MARCH 27. 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge,

In Halemaumau pit the afternoon of March 21 the fume
at the foot of the southwest talus appeared denser than
usual. Scars of two small slides had appeared on the
south wall; one over the northwest talus at 2:24 p. m.

raised a cloud of dust. On March 22 at 10: 55 a. m. a sound
like Iloor cracking was heard. Slide dust arose at 12: 30
p. m. March 23, and a larger avalanche at 1: 40 p. m.
dumped fresh debris on NW talus. At 2 p. m. dust con­
tinued to rise. The avalanche tremor was registered by
the pit seismograph. This avalanche felI directly from the
rock of the northwest rim for a length of 150 feet, and
left large bowlders below. On March 26 glow was still
reported visible in evening in crack at south edge of Hale­
maumau Iloor.

Observatory seismographs registered 66 tremors for the
week, and two very feeble local seisms, one of which
indicated origin 16 miles away. A distant earthquake
was recorded beginning at 1: 36: 32 p. m. Hawaiian time
00 hI'S. 30 m. slower than Greenwich) March 25, of prob­
able distance 2980 miles from Hawaii. Tilting of the ground
was vel'y slight to the east, and microseismic motion was
generally moderate.
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Construction of Perret's upper station on Mont Pele proper, November 1930, at
Morne Lenard. Photo Perret.

THE NEW DOME OF PELE'E

The renewed activity of Mont Pele was mentioned in
Volcano Letter No. 262. Ash eruptions were reported to
have begun September 16, 1929. It appears that notes on
the evolution of the dome were published in "Comptes
rendus" 190-761, 190·623, and 191-1253, 1930-31, by H. Arsan­
daux. F. A. Perret has added two notes in the same publi­
cation, C. R. 193-1342, 193-1439, 1931. These last are re­
viewed here.

The formation of cone-in-cone structur by dwindling
activity of mixed eruption, like Vesuvius in the ring of
Monte Somma. is well known. The absence of a chimney
in the center of a lava dam makes an interior edifice n­
expected. Perret in January, 1930, when he first saw the
Pelean dome of 190 , was interested to find it deeply caved
in from the explosive process of September 1929. In the
center or this cavity was an active eruptive cone.

The new excava'tion was a depression which widened
from southwest to northeast. with a rocky ridge in the
wound. The greater part of this was conical, but not
the highest part. The explosive phase of eruption which
continued in January and February exhibited two sources
for steam-blast cauliflower clouds: a large one north, and
a smaller and higher one southeast. The undermining pro­
duced a horseshoe cup with a medial ext nsion like the
latter "E.... With the kernel of the dome surrounded by
talus, it was snrprising to see the outer shell of weakest
material hold itself up in steep walls, while the solid rock
of the interior was removed. Evidently eruptive material
rose high enough to form a shell whence eruptions diverged
before destroying the lateral walls. From the time of the

first 1929 eruption, all the explosions were from the inside
of the dome of 1902-03.

The inner rocky ridge extended downhill ENE-WSW like
a cock's comb, with the lower end a row of needles. Still
lower at the ancient opening of the 1902 horseshoe, a series
of vents in a line sent up puffs of ash. It could not be
determined whether these were in new magma or a rocky
remnant of the old dome.

The central ridge was not simple. It was a castellatecI
group of towers. These were round, smooth, and spirally
groov d. They appeared tubular. and often lava poured
from apertures at the bottom. On the 20th of April, 1930,
after an enormous down rush, round columns were left on
the dome. black by daylight, but probably incandescent.
The towers change rapidly. January 28 they appeared to
be destroyed. But th activity appeared rather to be con­
structive, for on February 3 the towers appeared consoli­
dated into an enlarged mass with the profile of a true
dome. On the crest were rudimentary needles. Then
came lava activity. that would have been 'Strombolian' if
there had been explosive ejection, and this motion never
ceased. Such cri 'es were at first rhythmic, and alternat­
ing with the cauliflower jets, and they gradually resolved
them elves into a regular can ·tructive process, producing
numerous needles On all sides of the n w dome emerged
slender incandescent lava flows. with emission of light
transparent vapor. The process was comparable to that
of lava cupolas on Vesuvius. The incandescence was dark
orange under a thin crust in the darkest places, and else­
where it was so bright that the illumination reflected on
th cloud was visible at Fort-de-France. The flows were
liquid a short distance apparently, then presented the well
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St. Pierre as it is today, 1932. Photo Perret.
Mont Pele in background.

known "aa" streaming of fragments. The dome grew
higher and on February 19 the summit was flat, crowned
with small needles, and at the sides were straight talus
slopes.

Two mechanisms are involved in the Pelee dome, the
spread of lava and the thrusting out of needles. These
last tend to i'ise vertically. This vertical rising is natural
enough on the summit, but how about a slope of debris at
35 0

, where a line of vertical obelisks arises? "iVhy does
the internal magma push skyward and through chaotic
material? This explanation appears to be the perforating
power of rising gas. A fissure holding magma is opened
to the surface by gases burrowing upward in a row of
aligned chimneys. The magma follows, shells over in
contact with the chimney wall. and the pencil so formed is
pushed up. The lava flows are similar, but the orifices
being more free, the slag remains hot and fluid.

During two months the carapace on the dome was so
thin and the mass so fluid that the needles overturned on
a pasty base, resembling large pears. The most con­
spicuous spine began March 25, promptly overturned, and
rolled down the slopes. Examination of details at two
spines showed one rising a meter per hour. the slope of
the dome opening, like a soil clod with a mushroom push­
ing through. Pasty magma rose in a collar around the
needle, then solidified, when the spine was three meters
high. In the second case the paste was accompanied by

gusts of vapor emerging between the spire and the slope.
The needle remained small, but the steam jet continued
several weeks. The average height of spines was 12 to
18 meters.

The dome of 1902 grew toward the northwest, overlap­
ping the ridge there (Petit Bonhomme), so that its debris
slope extended beyond the ancient crater of the g·tang
Sec. The new inner dome has left a gulch on that side,
but toward the east and southeast has overtopped the older
dome, sent its debris slope down against the wall of the
ancient valley on that side, and chilled and cased activity
there, except for fumaroles. In September 1931 the dome
was migrating southwest and the long slope of ejecta was
overtopping the ridges there so as to threaten the trail to
the summit of the mountain. The new dome is 231 meters
above Petit Bonhomme, and somewhat higher than was the
peak of the old dome.

All the hot blasts (nuees ardentes) emerge from frac­
tures in the dome of 1902 and mostly from the two open­
ings, low north, and high southeast. After the new dome
developed, the character of these gushes changed gradually.
Four types of downrush are distinguished by Perret. The
first is occasioned by an avalanche formed by the squeez­
ing out of a small quantity of magma. It is an imitation
of a true hot blast. The magma, not being greatly charged
with gas, merely makes a heavy tumble of rocks, which
slide down the slope, and excavate a trench. Dense, ashy,
light-colored cauliflower clouds arise. The second type is
occasioned by heavy rain falling on the dome which seems
to penetrate !t after a quarter hour or more, so as to start
ejections of steam charged with dust which descend the
slope rapidly as a gaseous emulsion. After heavy precipi­
tation these down-blasts are certain to come, and they are
important, some of them in the spring of 1930 following
the gorge of the Riviere Blanche and out to sea for several
kilometers. The last two types of gushing are avalanches
of incandescent blocks without significant dust clouds, and
finally a cooler ash phenomenon where blocks of uniform
size roll rapidly and far, carrying imperfectly oxidized
carbon gases, and emerging from a part of the dome which
has partially congealed.

In the southeast part of the new dome there are fuma­
roles in a horizon tal line, due to water, where the old and
new domes are in contact beneath. ,'iThere the summit of
chilled lava is in contact with active lava, bluish trans­
parent vapor emerges at high temperature.

Mr. Perret has used a microphone for determining the
variation in mass of the vibrating active dome. His
theory is that an active edifice makes a definite note of
lower pitch the greater the mass. The combined roar of
slides, blowing of vapor, fall of spines, at any given mo­
ment make a musical tone, the timbre of which may be
defined in terms of mi, fa, sol, la, si, etc., so the augmenta­
tion or diminution of the dome may be followed. His
upper station was on the flank of Pelee at Marne Lenard.

At the beginning of November 1930 the tone was si flat.
Three months later the dome was bigger and the tone
was deeper, exactly la. April 13, 1931, it was sol sharp;
June 4. sol; June 25, a little below sol; but on August 10
the pitch had risen to sol sharp, and it continued to be­
come sharper, showing that the mass of the dome was
decreasing, and that the arrival of new magma, inside, no
longer equalled the loss by slides into the valley, and by
erosion.
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Establ ishment of a Research Center at St. Pierre

Mr. Perret has sent the following letter to the Hawaiian
Volcano Research Association:

February 2, 1932.

"All the world remembers the destruction of St. Pierre,
in 1902, by a terrific eruption of Mont Pele. St. Pierre
was not only the commercial center of Martinique, but the
cultural metropolis of the Lesser Antilles. Excavations
reveal the exquisite taste of th former inhabitants, and
the relics unearthed from time to time are of great beauty,
and of interest as showing the effects of the bla t of hot
gas and ash, which it is useful to study. Those objects­
instead of being dispersed as found-should be preserved
for all time in a collection, along with photographs of the
beautiful ruins, fast disappearing in the rebuilding of the
town.

"The recent eruption of Mont Pele has reawakened
scientific interest in this volcano, whose special type of
activity is almost unique, and the products of eruption­
breadcrust bombs, ash, and lava blocks in new forms-are
most interesting. A complete collection of these, placed
for comparis~n with the materials of other volcanoes, and
with photographic studies of all their phenomena, is a
scientific necessity.

"I may say that my own work here has resulted in a
further demonstration of the pratical value of volcanology
as an applied science. Eighty million francs of invested
capital, depreciated to zero by panic and uncertainty, was
re tared to par value through diagnosis and prediction
based on sound scientific deductions, with the help of
apparatus devised for these purposes. For the further
development of these methods, the creation of standardized
instruments, the bringing together anti preserving of the
materials, etc., I am now founding at St. Pierre this re­
search center, organized as museum-observing station­
laboratory.

"A private institution, out of politics, and not govern­
mental; its continuance, after me, is guaranteed by a

Fiduciary Committee, consisting of men of the highest
standing in the colony, including honorary memberships of
the Mayor and Cure of St. Pierre. Its founding at the
present time has been extraordinarily facilitated by the
cession to me of a most ideal site for its emplacement.
on the beautiful Marne d'Orange, 350 feet above the town,
but easily accessible, and commanding a superb view over
St. Pierre and of the entire massif of the imposing volcano.

"Construction cost is largely covered by local contribu­
tions. This is not to be an American institution, but an
American contribution to science in a location where this
science can be best developed-a gift to St. Pierre as a
continuation of American good will. St. Pierre is vi Hed
annually by some thousands of American tourists, whose
interest will be quintupled by having a definite goal, where
what they most desire to see will be on view.

"The contribution of one thousand dollars, as a minimum,
makes the donor a founder of the institution, and the
name will be on a marble tablet at the entrance, and upon
the stationery of the museum. A few subscriptions are
desired, above those already received, when this account
will be closed. A total of ten thousand dollars is sought
for the foundation.

"This work-at once scientific, artistic, and humani­
tarian-is believed to accomplish more. with a small
amount of money. than anything heretofore instituted.
It will be selfsupporting through its museum, of direct
service by its observation work, and world-contributing in
its laboratory research. Contribution involves no obliga­
tion of future support.

"You are earnestly invited to become one of its few,
distinguished founder ."

1\11'. Perret has been living at St. Pierre since 1929, and
has already started the foundation with contributions from
the Carnegie Foundation of ,Yashington, Vincent Astor,
and George F. Baker. It is to be hoped that members of
the Hawaiian Volcano Research Association will be added
to the list of founders, for it was Mr. Perret who camped

The upper station, Mont Pele, after completion. Photo Perret.
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Hot blast from the dome, Mont Pele, February 9, 1930. Photo Perret.

alone on the edge of Halemaumau pit in 1911, and so
started the work which established our Association. T.A.J.

TILTING OF THE GROUND FOR MARCH

The following figures show the net angular tilt by weeks
at the Observatory on the northeast rim of Kilauea Crater,
and its direction, computed from the daily seismograms,
by platting a curve smoothed by overlapping seven-day
averages. This is the departure of the plumblin in sec·
onds of arc, in the direction given.

March 1-7 4.6 seconds SSE
Marcl 8-14 3.3 seconds SW
Moll'ch 15-21 1.5 seconds SW
March 22-28 1.1 seconds SSW

The accumulation of tilt to March 28 since January 1
is 17.4 seconds south, 0.7 second west. This is greater
southerly tilting than whole years have produced usually,
with the exception of 1924. E.G W.

KILAUEA REPORT No. 1054

WEEK ENDING APRIL 3, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

On March 28 at 11 a. m. [ume was issuing [rom a crack
at th foot of the south talus in Halemaumau, and steam
on this talus was abundant 100 feet south of th fume vent.
Fume at the yellow vents at the foot of the southwest talus
was unusually prominent. A slide at the north wall made
du t at 11: 53 a. m. Crack movements at rim of pit have
shifted from northeast rim, now quiet, to southeast rim,
where slight opening of fissures is now measurable. The
rest of the week showed no changes.

The Observatory seismo'raphs registered 5 very feeble
local seisms, three re istering distances of 14, 25, and 46
miles. Th re were 25 tremors, on indicating origin 18
mil s away. Microseismic motion was strong March 31
and moderate at other times. Tilting of the ground was
moderate to the south.
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Seismograph cellar of the Hilo station of the Hawaiian Volcano Research Association, built in 1927. Brother J. B. Albert

is the observer. The instrument consists of two heavy horizontal pendulums, with clock checked by wireless time signals.

TWENTY YEARS OF VOLCANO STUDY IN HAWAII

Address by T. A. Jaggar at Annual Meeting Hawaiian Vol­
cano Research Association in Honolulu, March 31, 1932.

Administration

The Hawaiian Volcano Observatory was founded by an
association formed in Honolulu in 1911 which undertook
to finance a geological station on Kilauea Volcano estab·
lished by the Massachusetts Institute of Technology.
Ground was broken for the building on February 15, 1912,
when Dr. T. A. Jaggar, who was then Professor of Geology
at the Mas achusetts In titute, had come to Hawaii for the
purpose of establshing permanent volcano research. The
Hawaiian society became a chartered corporation named
the Hawaiian Volcano Research Association.

In 1919 the work was first assisted by tile Government
in collaboration with the Hawaiian a sociation, and the
governmental supervision was assigned to the United
State:s '?i'eather Bureau. The plant was leased by the

Association to the Government at a nominal rental wita
the understanding that the Weather Bureau would furnishl
personnel and salaries. Since 1924 this arrangement has
been transferred to the United States Geological Survey,
which through the interest of the Congress has been en­
abled to enlarge the work to a Section of Voleanology
with small stations in California and Alaska added to the
Hawaiian establishment. Routine publication, now carried
on through the Volcano Letter, has remained with the
original Association.

The objects of the work from the beginning bave been:
(1) To keep and publish a record of Hawaiian volcanic
activity and associated earth movements, (2) to invite
specialists to Hawaii or to send them elsewhere for vol­
canologic studies, and (3) to do everything possible to
promote the establishment of permanent volcano stations
all over the world.

(1) Recording Hawaiian Volcanic Activity

The preliminary reconnaissance of the Hawaiian field
was made by T. A. Jaggar and R. A. Daly in 1909. Mr.
Jaggar had been engaged before this time in studies of
Mont Pelee and Sou[riere in the Caribbee Islands, of
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Vesuvius after its eruption in 1906, of the Aleut'ian Islands
in 1907, and through association with F. A. Perret he had
been interestecl in the Messina earthquake. It was evident
after the terrible disasters of Messina, Vesuvius, and St.
Pierre, along with the earthquake·fire of San Franci co,
that more stndies of the earth from permanent stations
should be made. This had been the subject of a cru ade
at Harvard and at the Massachusetts Institute of Techn·
ology, and a small endowment was obtained at the Institute
for geophysical research, having in view the protection of
life and property. This is called the 'Whitney Fund.

'i\'ith the aid of this fund and through cooperation with
the Geophysical Laboratory of the Carnegie Institution of
'Vashington, Dr. E. S. Shepherd of that laboratory along
with Mr. Perret, the former a chemist and the latter vol·
canologist, were induced to spend the summer of 1911 at
Kilauea with a view to physical studies of the lava pit.
Mr. Perret built a hut at the actual edge of the pit and
made weekly reports to the press on measurements of
change in the lava column. A cable was stretched across
the pit and measurements of temperature of the liquid
lava were made with e~ectric thermometer.

The actual foundation of the Research Association was
arranged at a luncheon in the University Club of Hono·
lulu, October 5, 1911, when the late L. A. Thurston pointed
out that th re should be no break in the coli ction of
records at Kilauea, and a subscription list which had been
started in 1909 was revived. 1'11'. Jaggar arrived January
17, 1912, and weekly reports were reestablished. Through
special subscriptions raised in Hilo, the present main Ob­
servatory building was constructed in February, with the
Whitney Laboratory of Seismology in its basement. A
topographic map of the proposed Kilauea -ational Park
area was made by the U. S. Geologi • I Suney as a basis
for field work. The Kational Park became a fact in 1916
when Mr. Jaggar went to 'Washington to draft the final bill.
The Volcano Research Association built and ga\'e to the
National Park Sen'ice the museum on wekahuna bluff in
1927.

The keeping of record books at the Observatory has been
continuous [rom 1912 to the present. Mr. H. O. "Wood
came to the station as seismologist in the summer of 1912,
a number of seismographs were set up, and the records
were enriched by reports on tremors, earthquakes, and
tilting of the ground, which proved to be motions of great
interest, when studied in relation to the rising and falling
lava.

The year 1912 was a time of vigorous activity in the lava
pit, in 1913 the lava column became low and smoky, and
ther after until 1919 there was a steady rise with in­
creasingly ood opportunity for making comparative photo­
graphs. Mauna Loa broke out in 1914, 1916, and 1919, and
these eruptions added to the interest of the w·:lrk. In the
summer or 1912 Doctors Day and Shepherd returned to
Kilauea for gas collections at the live lava, and the tem­
peratures proved to be various anel somewhat proportionate
to the volume of gases discharged by the many fountains.
Mr. Jaggar was able to keep up the gas collections in sub­
sequent years and to send the specimens to the Geophysical
Laboratory for analysis.

The years from 1912 to 1924, however unfavorable they
may have been financially, were fortunate ones from the
volcanologic standpoint at Kilauea. in that they represented
an eleven-year cycle of extraordinary vehemence for both
Kilauea and Mauna Loa, with great variety of action, and
a marvelous finale in 1924 when the crater pit of Hale­
maumau caved in through the recession of the lava, and a
steam-blast eruption occupied the month of May 1924 in

a fashion not seen here since 1790. The incessant measure­
ments of change in gases, change in temperature, change
in elevation of the lava column, and the photographic
records accompanied by notes and transit measurements
that produced maps of the crater fills ancl flows, all com­
bined to yield a record of a decade of volcanic activity, in
the most primitive volcanoes on earth, such as science had
never possessed before. By primitive is meant the quality
in a volcano, that exhibits the pure heat and magma, of
the material under the primitive earth crust, not compli­
cated with the impure mixtures of sea-bottom sediments
and organic life such as occur on the continents. Vesu­
vius, Lassen Peak, and Katmai are all volcanic heaps made
where the blast furnace of the earth crust has discharged
through sucb rocks as limestone, sanel tone. and slates.
The glowing slag underneath has absorbed unkown
amounts of carbon, lime, silica, and alumina.

After 1924 a quiet condition at Kilauea leads people to
think the volcano is dead. Instead of this. we are record­
ing some kind of outbreak nearly every year, Mauna Loa
had a great eruption and destroyed a village in 1926, and
an earthquake crisis on Hualalai in 1929 recalled the
wonderful lava flows from that mountain in 1 00, a time
ten years after the last explosive eruption from Kilauea.
The year 1934 will be ten years after the new explosive
eruption. Are we to look for more lava flows from Hua­
lalai? The present decade, therefore. is making a record
which is a valuable asset, the like of which has not been
obtainable since the end of the eighteenth century.

\'i'hen it comes to earthquakes, the instrum nt for
recording ground mO\'ements at Kilauea have been steadily
improved, and the experience of 20 years with many ups
and downs of the lava column, and outbreaks on Mauna
Loa, and big earthquakes on Hualalai, has accumulated
thousands of seismograms in the files o[ the Ob ervatory.
These are pieces of smoked paper fixed with shellac, on
which automatic pendulums have written a graph of each

- earthquake or tremor or tilt, and ha\-e recorded the clock
time. They are all different. Science can interpret from
each graph the distance a way of the source, the strength of
movement, and how the elastic waves pas ed through the
rock. Some of the instruments are in Hilo and Kona, so that
when the distances indicated there are compared with the
distances from the Obsen-atory, the place underground may
be found where the lava split its way upward and made
a jolt. As some sets of earthquake accompanied eruption,
on the south flank of Mauna Loa, others on the different
flanks of Kilauea, and yet others occurred on Hualalai, it
hecomes possible to classify Hawaiian earthquakes from
their autographs, and the making of this classification
promises fears of valuable work. Those who think there
is nothing to do at a volcano observatory during a quiet
time should start studying some of these pieces of smoked
paper.

The publishing of results is no small part of the work,
and this ill\'olves, first, summarizing every week the
essential obsen-ations at the Kilauea pit, at the seismo­
graphs, or on Mauna Loa or elsewhere if activity occurs.
These summaries must be published in the papers, and
also printed in more permanent form. It is further neces­
sal')' to assemble observations of like kinds, and coordinate
them for understanding the underground processes. An
observatory is always a detective, trying to find out what
is going on underground, from information the layman
does not possess, yielded by a chemical collection, or a
measurement with transit, thermometer, level bubble, or
pendulum. These assembled obsenations have been pub­
lished in scientific journals and it is one of the functions
of the Volcano Letter to assemble similar communications
from observatories in other lands, in order to make them
known to our people here. There is much excellent work
in Dutch, Japanese, Italian, French. German, and Spanish
from the East Indies, Japan, Europe, and South America,
for which a translation institute ou<>'ht to be endowed, in
order to sift out important facts which are now lost to
most of the world.

Recording is nothing more than description. It is very
hard to use langnage so as to tell the truth. The read­
ing of any newspaper will prove this. Accurate descrip­
tion is all that is meant by "a theory." Modern physics
is not trying to explain the "why," or to explain anything;



THE VOLCANO LETTER Page Three

it is trying to describe the "how." This is what we are
trying to learn about an active volcano, "how" it works.
A mere quantitative measurement in figures by itself
means nothing. Recording, to be accurate, meaning care­
ful, must be checked all the time by quantitative measure­
ments. These measurements may be put together to make
a description, so that the difference between one event
and another is dependent on the readings of the measure·
ments, and not on guesswork. -When enough of these
differences have been collected, it becomes possible to
classify events, and then the classifications fall into se­
quences, and the complete description of a sequence sud­
denly discovers (or uncovers) what has been going on,
in the under-earth. at a place which was invisible. This
final description of things unseen is a "theory."

Take in illustration of this the matter of prediction.
How can you predict when a volcano is going to erupt? It
is first necessary to measure an eruption and to tell the
truth as to what an eruption is. If you classify as "erup­
tion" the smoke from an island seen by a mariner, entirely
unmeasured, and compare it with the rise of lava for six
years measured in Halemaumau pit by scientists, you get
nowhere. You do not know whether the mariner's "smoke"
happened alI the time. or every year, or every six years.
You can not describe the "how." In the case of Kilauea,
the scientists continue for another five years and find the
lava going down and out. Then comes a lull for two or
three years. They study the records for a hundred years
back and find many measured risings for six years, and
sinl,ings for five years, followed by a lull. Then they find
that two volcanoes adjoining took part in this sequence.
Perhaps they find in separate years that the biggest risings
,,·ere in the autumn and the sin kings in the spring. This
is a measurement by seasons and years, just as other
measurements are by heights and depths. Tbey average
alI the results. The average shows an eleven-year cycle
as a probability for that pair of volcanoes. They may
even find that this eleven years corresponds with sunspots,
and then that the irregularities in numbers of sunspots
which depart from the average, correspoud with the ir­
regularities in highest rise of the lava dming the century.
They know :lothing about the "why," but here is a very
interesting "how." Knowing alI these things, they can
"pred ict" that the next "eru ptiol1" will occu py eleven
years, wiII begin by rising and end by sinking, will have
its annual rising spasms higher in winter. and if the term
is not exactly elev 1l years, it is likely to depart from that
figure in the same way that the sunspots do. Kno,,·ing
the relation of the two volcanoes. they perhaps can say,
that in the course of this eruptive cycle, Mauna Loa is
sure to help out Kilauea once or twice during the eleven
years.

'.Vhat is now an eleven-year theory, a seasonal theory, a
relationship theory, and a sunspot theory, may e\-entually
advance a step farther so as to describe how all these
things are related to 'Some bigger processes in the crust
of the earth. They will then all become facts and not
theories. but the larger process wiII remain in the realm
of theory. Science is merely piled up descriptions.

(2) Studies by Specialists

In ad clition to work which has already been mentioned,
Dr. E. T. Allen or the Geophysical Laboratory spent a
season at Kilauea analyzing the vapor at the sulphur vents,
and determined it to contain 96% steam and less than 1% of
the sulphurous products. Boring indicated that the tem­
perature, 204 0 F., is extraordinarily constant.

For two seasons Dr. Arnold Romberg worked at the
Observatory on seismograph instruments, and set up
optical instruments to determine in what direction the
wave movements known as microseisms are propagated
through the ground at this place. Also special instruments
were designed to measure the tilting of the ground, which
was found to have a half-daily and semi-annual change.
These changes must be allowed for when measuring what
tilts are made by the pressure of the lava underground.
Some remarkable changes of tilt have coincided 'with sud­
den risings and falIing3 of lava shown by outbreaks of
Kilauea and Mauna Loa. The microseismic waves were
found to coincide in direction with the high cliffs of the
Hamakua coast bombarded by tradewind waves.

Messrs. J. B. Stone and C. K. Wentworth at different
times have studied the geology of Hawaii. and Mr. H. T.
Stearns and others have produced a Bulletin of the Geo­
logical Survey on the geology of Kau. Dr. Howard Powers
is at work on the geology of Kona. All of these studies
are providing new knowledge of the soils of the island in
relation to the lava flows and the deposits of ash from
past eruptions. A basis is being laid for classification of
formations and interpretation of the past history or the
earlier volcanic vents which preceded the active volcanoes
of today. Dr. "",'entworth has made a special study of the
ash, especially the cinder of the many small cones on the
slopes of Mauna Kea, and has greatly enlarged our knowl
edge of how those cones were formed and of the differ­
ences between the gas eruption there and the liquid lava
eruptions on Mauna Loa at the present day.

Mr. Jaggar has been four times in Japan. three times
in Alaska, and once each in New Zealand, Costa Rica and
the Tonga Islands for studies of earthquakes and vol­
canoes. These comparative studies are of value not only
in showing i10W different are the volcanoes of different
lands, but also the contacts with men of science tend to
encourage the last of the three objects above enumerated,
namely, promotion of new volcano obseryatories elsewhere
Mr..Finch visited volcanoes in the East Indies in 1929
and Mr. Stone explored and photographed several craters
in Chile the same year, both of these men being commis­
sioned by the Hawaiian Volcano Research Association.

Messrs. '.Vood and Finch have completed a bulletin now
in press in '.'i'ashington listing in technical form all the
measured earthquakes reg;stered on the seismographs of
the Observatory from 1912 to 1923. This list comprises
thousands of shocks and is illuminating in showing the
large number of earthquakes which accompany sinkings
of the lava, the frequency varying with the rapidity and
depth of the sinking. An increase of frequency of earth­
quakes also accompanies sudden risings of the lava in
Halemaumau. In Mauna Loa eruptions the freqnency is
greater at the beginning of an outbreak, and as the fre­
quency declines the strength or the shocks becomes
greater. In general the comparison of times of fewer
earthqual,es in Ha,\·aii. with times of high frequency,
shows that the greatest intensities of quaking (01' the
strongest shocks) come when the number of shocks is at
a minimum.

(To be continned)

KILAUEA REPORT No. 1055

WEED EKDlKG APRIL 10. 1932

Section of Volcanology, U. S. Geological Snrvey
T. A. Jaggar, Volcanologist in Charge.

Conditions at Halemaumau show little change. The pit
was quiet April 4, with slight steam and little variation
in fume.

Crack measurements showed very slight changes. On
April 6 fume was moderate at the foot of the southwest
talus and the spot under the southeast wall and talus still
fnmed slightly. Brilliant yellow sulphur stain showed at
the fume area by the southwest talus. The scar from a
small slide was seen on the northeast wall. On April 7
fume at the foot of the southwest talus was dense all day
and some fume was visible at the spot under the southeast
wall. On April 9 fuming activity had not changed. The
seismograph at the pit showed ESE tilt accompanying the
earthquake at 5:50 a. m. One tremor showed E tilt

The seismographs at the Observatory recorded 52 trem­
ors, four very feeble seisms, and two feeble seisms. One
tremor at 6: 25 a. m. April 5 was felt at "",'aimea and Puu­
waa waa and had origin distance 46 miles from the Observa­
tory. One feeble seisIll at 4: 50 a. m. April 9 was felt at
the place called "Twenty-nine Miles."

Average tilt for the week was slight NE by l\'. Micro­
seismic motion was moderate during the first three days
of the week, light for the next three days, and moderate
on the seventh day.
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Machine shop at the Hawaiian Volcano Observatory, installed by the Research Associa­
tion. There are two lathes, two drill presses, a machine hacksaw, and a grinder, while

in the adjacent carpenter shop are power plant, boring machine, and circular saw.

cano, also at Hilo, and at Kealakekua In Kona District. It
keeps a journal of Hawaiian volcanic activity and publishes
occasional BUlletins.

Memb rship in the Hawaiian Volcano Research Association Is
limited to patrons of Paciric science who desire personally to
aid in supporting the work.

The work of volcano research so supported Is In collaboration
with the work of the United States Geological Survey. but sup­
pI ments it with buildings. research fellows, instrumental plants,
explorations and special investigations for which there Is no
governmental provision. The Geological Survey maintains vol­
cano stations in Alaska, California and Hawaii.

The Board of Directors includes Arthur L. Dean. President;
Frank C. Atherton and \Valter F. Dillingham, Vice-Presidents;
L. 'rennE';' Peck, TrE'asurer; \Valter F. Frear. Richard A. Cooke
and Wallace R. Farrington.

Persons desiring application blanks for membership ($5.00 or
more) should address the Se retary, Hawaiian Volcano Research
Association. 320 James Campbell Building, Honolulu. T. H.

THE VOLCANO LETTER

The Vol<lAno Letter combines the earlier weekly of that name.
with the tormer monthly Bulletin of the Hawaiian Volcano Ob­
~rvatory. It is published weekly. on Thursdays. by the Ha­
..lIan Volcano Research Association. on behalf of the section
ot volcanology. U. S. Geological Survey. It promotes experi­
>Dental recording of earth pro('esses.

Readers are requested to send articles, photographs, publlca­
dons and clippings about volcano and earthquake events, In­
..truments and investigations, especially around the Paciric.

Subcrlptlon for non-members two dollars per year ot 62 nurn­
DeI'S. Address the Observatory.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano belongs to the HawaIIan
Volcano Research Asso('iation and is leased and operated by the
United States Geological SurvAy.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter Is not copyrighted. Editors please credit.
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Interior of the present Halemaumau pit, showing the north corner, and behind it the cliff bounding the outer Kila~ea

Crater. The U curve of white ledge at bottom is the cross section of a former pit. It shows a talus in cross section

above the white ledge. The white ledge was revealed red hot by the engulfment of 1924. The horizontal layers are
lava flows, all produced in the nineteenth and twentieth centuries. Photo 1927 by Wilson.

THE RESULTS OF VOLCANO RESEARCH

(CJntinued from Volcano Letter No. 381)

Second Part of Address by T. A. Jaggar, Annual :\leeting
Hawaiian Volcano Research Association in Honolulu
March 31. 193:?

(3) World Volcano Stations

In 1926 a seismograph station and observatory were
established at Lassen \'olcanic Xational Park in California
under Mr. R. H. Finch, who had been in Hawaii. This
station has recorded hot spring temperatures and earth·
quake,', and has served as a base for geological studies in
that interesting volcanic region. The work is being ex­
tended to other volcanoes of the northwest. Seismograph
stations have been placed at two other points in Lassen
Park.

In 1927 a seismograph station was established on Kodiak

Island, near the Katmai group of volcanoes of the Alaskan
Peninsula, and in 1929 a second station was fitted out at
Dutch Harbor, on L'ualaska Island in the eastern part of
the Aleutian chain. In the hands of resident observers
these in truments have been operated so that the seismo-

rams are sent for study to the Hawaiian Volcano Observa­
tory. A moderate number of local earthquakes at these
stations and at La sen indicates that some seismic activity
accompanies the underground movement of volcanic
magma in these places, but there is no such earthquake
frequency as exists in Hawaii.

Beginning about 1918 the overnment of the Xetherlands
East Indies started a volcanologic service under their
Bureau of Mines with headquarters at Bandoeng. This
work has steadily grown for 15 years, a small pamphl t
each month describes the temperature measurements and
earthquakes and volcanic activities at several volcano s,
mostly in Java, and large, beautifully illnstrated mono­
graphs in the Dutch language, latterly with summaries in
English, have been published dealing with important erup-
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tions of several of the great volcanoes and the volcanic
Islands belonging to the group. A number of small ob·
servatories are maintained.

The Japanese Empire has maintained a government
earthquake investigation service since 1892, in which Pro­
fessor F. Omori became the dominant figure. The motive
of this service from the beginning was to find out every­
thing possible about local earthquakes with a view to
alleviation of disaster. To this end engineers. physicists,
seismologists, geologists, and other specialists in universi­
ties were employed by the government, largely gave their
services free, and published a series of important memoirs
continuously in both English and Japanese for 30 years.
Professor Omori concen trated on volcanoes during the
last 15 years of his life, and his serial monographs on
Asama, Sakurajima, Usu, Oshima, and other volcanoes,
written in Eng-Iish, are among the most important of his
productions. Earthquake investigation was reorganized
after his death in 1923. and researches directed particularly
to tilt and level changes, and to the needs of engineering,
have been elaborateel since the Tokyo earthquake. Pro­
fessor H. Tanakadate has studied volcanoes. Seismo­
graphs of many kinds are distributed all over Japan, but
a permanent volcano service has not yet been organized.

,In Italy, which established an observatory on Vesuvius
in the middle of the nineteenth century, the publications
about volcanic activity have been largely separate papers
in scientific journals from the workers at the observatory
and from seismologists and geologists in the universities.
In 1924 a new series of volcano logic bulletins was started
under Dr. Malladra, Director of the Vesuvian Observatory
through the International Geophysical Union. Also some
revival has been made of the Annals of the observatory.
Mount Etna has also an observatory building on its high
slopes, but the workers dwell at the university in Catania.
In Naples Dr. 1. Friedlaender has established at private
expense a Volcanologic Institute and publishes in beauti­
fully illustrated form a long series of volcano researches
in several languages by workers all over the world. The
first volume was published January 1914.

There have been a number of disasters due to earth­
quake and volranoes in New Zealand, and in 1920 the
writer as delegate from the Hawaiian Volcano Research
Association gave a series of lectures in the universities of
New Zealand on the observatory work in Hawaii and on
the opportunity for continuous observation which the New
Zealand volcanoes offer. The terrib Ie earthquakes of
Murchison in the South Island in 1929 and Napier in the
North Island in 1931 have served to concentrate govern­
mental attention in New Zealand on all viation of disaster.
Before these earthquakes Mr. L. Grange had been ap­
pointed to act as a volcanologic geologist and had done
much mapping in the Rotorua volcanic district. Since the
earthquakes, the Hawaiian Volcano Research Association
has been able to assist somewhat by supplying simple
seismographs for distribution in New Zealand under the
government Department of Scientific and Industrial Re­
.search.

Seismologic services studying local earthquakes exist
1n Chile, Greece, Austria, Germany, Mexico, India, and
Russia, and in some of these places some attempt has
been made to begin the study of volcanoes. The Soviet
has organized expeditions in Kamchatka, a little work has
been done in Salvador and in the Caribbee Islands, some
special expeditions have reported on Iceland and on vol­
canoes near New Guinea. Excellent studies have been

made from the university in Athens of the active volcano
Santorin and other volcanoes of the Grecian Archipelag::>.
There are enormous volcano belts in the southwest Pacific,
in Africa, the whole length of the west side of South
America, and of the west side of Central America, which
still await a prophet.

Three activities should be mentioned which deal with
volcanoes effectively by the statistical method and by ex­
peditions. The universities of Germany have produced
Karl Sapper and F. Von Wolff. each of whom has written
a textbook on volcano science. Sapper deals with geo­
graphy and Von 'Wolff with geology of volcanoes. The
Carnegie Institution of Washington through the workers
under Dr. A. L. Day has sent out a series of expeditions
and published monographs on Katmai, The Geysers in
California. Lassen Volcano, Vesuvius, and some other
places, and this work sets standards for analyses of gases,
sublimates, ilnd rocks, a well as hot waters, in accordance
with critical dicta of physical chemistry. The third activity
is the publication of the Geographical Society of Geneva,
under th Red Cross, which has been issued quarterly since
1924, dealing with the study of calamities. as subjects of
scientific prevision and alleviation (Materiaux pour I E'tude
des Calamites). This organization has had subcommittees
in many countries, and the assemblage of facts has been
of great value.

Before leaving world volcano stations, the recent work
of the American, Frank A. Perret, a distinguished volcano­
logist who wrote the great monograph of the Carnegie
Institution on "Vesuvius," should be mentioned. He has
been living at St. Pierre in Martinique since the end of
1929, and has obtained support for a museum and research
center at St. Pierre, which it is planned to make self­
supporting through charges to tourists who visit the ruins
of the great disaster of 1902 by thousands. This will be
a private institution, for which an ideal site has been
granted by the French government with construction cost
covered by local contribution. The idea is a non-national
institution created as a gift to St. Pierre, as a continuation
of American good will. Each contributor of 1,000 or more
will become a founder, and those who have started the
foundation are the Carnegie Institution of Washington,
Vincent Astor, and George F. Bakel'. It is to be hoped that
the Hawaiian Volcano Research Association will be added
to the list of founders, for it was Mr. Perret who started
our work here in 1911, and who published on the eruption
of Teneriffe in the first memoir of Friedlaender's Zeits­
chrift in 1914. In many respects Mr. Perret is thus the
founder of modern volcanology from an experimental view­
point.

(4) Results of Volcano Research

Two principles have been kept in mind, which are un­
usual in guiding the work in Hawaii: (1) Appeal to
people of ordinary education in describing our results;
(2) Use people in ordinary life in order to get those results.
These mean, first. that the motives should be humane and
not highbrow, and the work should be describable as mean­
ing something to business men who want to know why it is
done. Secondly, the hal'I1essing of a large piece of country
with observations, or instruments, or measurements, can
never be done by distributing physicists permanently all
over that country. The experts won't go. They prefer the
council-chamber of the university. This difficulty may be
met only by interesting ordinary people in a method of
measuring earthquake or tremors or tiltings. so that they
will send us a postcard every week. In order to do this,
the method must be simple. The high-brow may s::>metimes
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scorn simple methods. And yet Darwin's and Faraday's
greatest works were done by simple methods. So it must
be in compelling the earth to tell the story of how its
breathings in Alaska are different from its breathings in
Hawaii.

Here are a few of the facts suggested by work of the
las t t wen ty years:

1. That volcanism everywhere has unity.
2. That gas is its prime mover.
3. That hydrogen and olivine basait are fundamental

constitutents.
4. That water is a secondary oxidation product.
5. That sulphur is concentrated at craters.
6. That engulfment is a common process.
7. That explosive eruption is secondary.
8. That major earthquakes may be magmatic in origin.
9. That magma continually presses upward.

10. That cycles are caused by yielding to pressure.
11. That I.his applies equally to earthquakes and vol-

canoes.
12. That small crust units involve short cycles.
13. That large crust units involve compound cycles.
14. That these may be of several orders.
15. That a volcanic cycle may exist at intrusions.
16. That intrusions may be studied by tilt and earth-

quakes.
17. That every volcano has intrusions under it.
18. That submadne outflow of lava is important.
19. That the present is a decadent time in earth vol­

canism.
20. That from Midway to Hawaii and along the volcanic

rift, the crust has thickened and condensed.

We can think of the globe as at some time an incandes­
cent member of the Sun's family. Up cracks as it cooled
there piled up lava ridges. Our Hawaiian Territory is one
such ridge. Studying the outpouring lava at Kilauea we
found it divided into half-hardened, and frothy liquid, por­
tions. "Ve sounded the liquid and found it shallow. The half­
hardened stuff was below. ,Ve took temperatures and found
that the liquid was hottest above, where the most gas was
burning. We found that Mauna Loa outbreaks ended with
a Kilauea collapse. 'Ve founel that splitt- 19 open the moun-

tain visiblY was attended by many earthquakes when lava
burst up cracks. It turned out that there was local swell­
ing of the ground. This was greatest at the pit edge. Tilt
pendulums Rhowed that it was happening farther away.
It proved eventually that there are seasonal and daily tides
in the lava and in the swelling of the mountain. The gases
rising are mostly hydrogen, carbon monoxide anel sulphur.
They make flames. Water vapor, carbon dioxide and sul­
phur dioxide are in the greatest volume, because the burn­
ing goes deep. Boring to study ground temperature showed
that hot places are due to vapor cracks. In 1924 the steam­
blast eruption was preceded by a splitting of the mountain
out to seashore, and accompanied by a sinking of lava and
engulfment of the walls of the pit. The conviction that
the lava escaped under the sea was unavoidable. The
groundwater entered the hot hole and exploded. It ex­
tended the engulfment and made rhythmic geyser explo­
sions. The last such cataclysm was in 1790. A super­
cycle of 134 years was indicated, the interval between
two lowerings of lava below the groundwater level for
Hawaii.

,Vith this outline for working hypothe is, it is easy to
see how interesting it is to be the workers t build tilt and
tremor instruments. and try to harness the crater and the
island in order to interpret what is going on underground.
This is what we are working on today with the instrument,
designed at the Observatory, cailed a "clinoscope." It
is a heavy horizontal iron ring. hnng on wires. with a light
vertical magnifying lever pointing upward in the middle.
At the top is a dial. The ground tilts and the pointer
wanders away from the center of the dial. This wandering
each day is to be read in three cellars 400 feet back from
the Halemaumau rim. These ceilars are to be kept quiet
and at constant temperature If the lava is swelling under
the botttom of the pit as a center, the three cellars will
how tilt away from the center on the clinoscope readings.

If the lava is lowering they will show inward tilt. Eventu­
ally we expect to have these cellars wired so that each
instrument may be called up by automatic telephone, and
the pointer position will report itself electrically to the
Observatory. This is the latest result of twenty years of
work at the Hawaiian Volcano Observatory.

Kapoho, east point of Hawaii, looking northeast at one of the cones of the

Kilauea rift zone near the sea. The fresh cracks in the foregr~und were

produced in April 1924, when "the steam-blast eruption was preceded by a

splitting of the mountain out to seashore." Photo Maehara.
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Just as the Hawai ian islands form a lava ridge, so on Mauna Loa the southwest rift is a flat ridge. Here we are looking up

the ridge, formed of source cones of many eruptions, from 8,500 feet elevation. These are true "fissure eruptions" and

here is a vast experimental laboratory for the volcanology of the future. Photo Emerson 1923.

KILAUEA REPORT No. 1056

WEEK ENDING APRIL 17, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

Some fume was visible at the foot of the southwest talus
on April 12. Cracks within old roped-off area at the south­
east rim showed definite but very slight widening. On
April 13 at 10: 15 a. m. fume could be seen eastward from
the southwest talus area. and slight odor of sulphur could
be detected. Countless small steam vents were giving out
feathery clouds in Halemaumau after rain, and stea"l at
the larger vents was dense, Fume was also visible under
the southeast wall in cracks in the new lava fill. Op.ca­
sionally rocks trickled down the north wall. On the 14th

fume was as usual at the foot of the southwest talus, but
was not visible southeast. The northeast rim cracks
showed no change On the 15th at 10 a. m. Halemaumau
remained without changes On the 17th the sulphur spot
at the southwest fuming area showed increase of stain.

The seismographs at the Observatory registered 15
tremors, two very feeble seisms, and one feeble seism.
Two of the tremors showed doubtful origin distances of
42 and 56 miles, respectively: the two feeble seisms, 32
miles and 25 miles; and the feeble seism, 10 miles WNvV
of the Observatorv. This la t shock awakened sleepers at
the volcano, and in Honomu, Kana and Hilo at 2: 55 a. m.
April 17.

Microseismic motion was moderate through the week.
Tilting of the ground averaged \-ery slight to the east.

cano. also at Hilo, and at Kealakekua in Kona District. It
keeps a journai f Hawaiian VOlcanic activity and publishes
occasional Bulletins.
. ::IIembership in the Hawaiian Vokano Research Association Is­

lImIted to patrons of Pacific science who desire personally to­
aid in supporting the work.

The work of volcano research so supported is in collaboration.
with the work of the United States Geological Survey. but sup­
pl,ements It with bUlldlllgS,. research fellows. instrumental plants,
exploratIOns and spe lal lllvestlgatiOnS for which there is no>
governmental provision. The Geological Survey maintains vol­
cano statIons in Alaska. California and Hawaii.

The Board of DirectorR includes Arthur L. Dean. President;
Frank C. Atherton and 'Valter F. Dillingham, Vice-Presidents;
L. T"nnE"Y P~ck. Treasurer: \V'alter F. Frear, Richard A. Cooke.
and ,Yalla('(;l R. Farrington.

Persons desiring application blanks for membership ($5.00 or
more). should address the Secretary. Hawaiian Volcano Research
ASSOCIatIon, 320 James Campbell Building, Honolulu, T. H.

THE VOLCANO LETTER

The Vol~ano Letter combines the earlier weekly of that name,
..lth the former monthly Bulletin of the Hawaiian Vol('ano Ob­
st-rvator:--. It is pultlishl'(l we kly, on Thur~rlays. on IH:half of
th~ ::5t:(:tion of \"oltanology. C. S. Geolog'ical Sur\-ey. It pronlotes
experimental recording of earlh JJroce~",t's.

H."aders are rellu"~ted to stnd articlt~, photographs, publica­
dons and clippings about volcano and earth'luake events, in­
etruments and investigations. especially around the Pacific.

Subcrlptlon for non-membel's two dollars per year of 52 nurn­
DeI'S. Address the Observatory.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano belongs to the Hawaiian
Volcano Research Association and is leased and operated by the
United States Geological Survey.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter Is not copyrighted. Editors please credIt.
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The official party April 19, 1927, at the opening and dedication of Uwekahuna Ob­
servatory and Museum on the high western bluff of Kilauea Crater. Presented
by the Hawaiian Volcano Research Association to the National Park Service.
Right to left, the late Hon. Stephen Tyng Mather, Director of the National Park
Service, Hon. Hubert Work, Secretary of the Interior, Volcanologist Jaggar, and

Hon. Wallace R. Farrington, Governor of Hawaii.

PROGRESS OF HAWAIIAN VOLCANO RESEARCH
(Continued from Volcano Letter No. 382)

Third part of address of T. A. Jaggar, Annual Meeting of
Hawaiian Volcano Research Association in Honolulu,
March 31, 1932.

We have seen the growth of twenty years of volcano
study in Hawaii by the obserYatory method, the growth
of world volcano stations and some scientific results of
volcano research in general. It will now be of interest to
the members of this society to review the material pro­
gress of the work in Hawaii for the past ten years. The
work of the first decade was outlined in the Monthly Bul­
letin in variou: annual addresses of 1913, 1915, 1916,1917,
and 1922. The year 1920 had started a new five-year pro­
gram for the Association, with installation of seismographs
at Hilo, Hilea, and Kona, and Dr. Omori. who had visited
the Observatory with the Pan-Pacific Science Congress of
1920 had advised us to concentrate on the Mauna Loa
center 0 as to interpret the direction, distance, and deptll
of the original impulses which make our local earthquakes.
A second project was to do core drilling in the vicinity of
Kilauea Crater for securing new light on temperatures,
volcano power, the relation of volcanism to mining, under­
ground \\-ater, and the relation of underground heat to
gas. The third project was to 'ecure publication of certain
voluminous scientific papers which were ready, but un­
financed.

The Science Congress had recommended a central scien­
tific bureau for di semination of volcano news about the
Pacific. This our Association has somewhat done by pub­
lication of the Volcano Letter. A second resolution of the
Congress to the effect that the dwellers in volcano lands
should be educated on the meaning of volcanoes and earth­
quakes, and on safeguards and insurance against them,

has been promoted by the Volcano Letter, and by suc1r·
magnificent work in America, Japan, the Dutch East Indies,
New Zealand, etc., as is summarized in Sapper's book 011

Volcano Science, von Wolff's book of Vulcanism, and Free­
man's book on "Earthquake Damage and Earthquake In­
surance." A third resolution was that ecological studies.
should be carried out dealing with the rehabilitation of'
lava and lava soil by organisms, and this was started irr.
Hawaii by Dr. Skottsberg under the Bishop Museum withl
some assistance from us, by marking ten-meter squares on
lava flows of known date, and listing the lichens and other
organisms found. These were to be reoccupied at future
dates. Another study bearing on this subject has been
published by Dr. Howard Powers of the Hawaiian Volcano
Observatory in association with Messrs. Ripperton and
Goto (Bull. 66 Hawaii Ag. Expel'. Sta.), whereby the ash
and lava soils of Kona have been specially classified for
their adaptability to coffee culture. A last resolution or
this Congress recommending that a station be placed on
the top of Mauna Loa for combined aerology and volcano­
logy remains still as a goal, but some progress toward it
has been made by improvement of trail, and surveys for a
road, by the Xational Park.

The year 1921 produced important material progress at
the Observatory in a first shop and electric plant, in a
revision of crater surveys for years back, in a beginning
of monthly maps of the pit, in new crater experiments, in
improved photographic apparatus, in computed curves of
the lava tide investigation, in new money for an archives
building and for boring, and in the discovery, by the
topographers of the United States Geological Survey, of
probable elevation of the rim of Kilauea Crater by from
two to three feet between 1912 and 1921.

In 1922 the boring experiments were begun, were con­
tinued with both churn and core drills until May 1923, and
were revived with air drills in 1926 and discontinued in
the winter or 1927-28. There resultecl 34 drill holes 011
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the crater floor and the crater rim of Kilauea, which are
valuable assets of the Observatory for all time as places
for experiment and for measurement of change in tempera­
ture and gas chemistry. The iron Archives Building was
built in 1922, furniture and garages were improved, a
chemical laboratory was started, and Mr. R. M. 'Vilson
produced a first draft of "the Volcano Local System of
Levels and Triangulation," which now in 1932 he is finish­
ing in Washington in order to exhibit the important
changes by land moment, precisely measured, which have
occurred during activities at Kilauea Crater.

This year 1922, beginning the second decade of our work,
was one of extraordinary progress for the Research Asso­
ciation in buildings, seismology, drilling for temperatures,
and improved equipment. Machinery, tanks, cabinets for
seismograms, chemical laboratory, and shop for instru­
ments were added. Seismograms began to appear from
Hilo, Hilea, and Kona. Dr. Allen came from the Geo­
physical Laboratory in 'Washington to work on the physical
chemistry of the bore-hole steam at Sulphur Bank. Here
an iron hut had been set up over the hot wells.

In 1923 Dr. O. H. Emerson was employed as chemist and
general assistant, Dr. Jaggar was sent to Japan for three
months to investigate the Tokyo earthquake, a remarkable
motion picture film was obtained there, he made explora­
tions in Tokyo, Yokohama, Kamakura, Boshu, Oshima, and
Hakone, he assisted at some committee meetings of Japa­
nese engineers and seismologists, and it was determined
by the United States Government after the disaster that
a plan for the new embassy should be referred to the
Bureau of Standards. It is of interest to note that the
earthquake-prool' embassy of the United States ill Tokyo
is now finished. Mr. Jaggar insisted then as now that the
volcano Mihara on Oshima Island, in Sagami Bay close
to the seismic center of the great earthquake, one 01' the
few volcanoes in Japan which produces lava in its crater
most 01' the time, is a remarkably important place for a
permanent observatory.

The scientific staft' of the Observatory at this time con­
sisted of Messrs. Jaggar, Finch, and Emerson. The record
books were complete to 1923, and these !Jooks, type\\Titten
in loose-leal' covers, including photographs and transcrip­
tions of notebook sketches, were duplicated so that olle
set was kept in ·Washington. In the winter 01' 1923-24 the
director 01' the station went to the eastern United States,
read three papers at the American Association meeting
in Cincinnati, and gave 26 lectures in Cincinnati, 'Washing­
ton, at Maryland University, in New York, New Haven,
Cambridge. Boston, Brooklyn, Chicago, Urbana. and Phila­
delphia. He published articles, setting I'orth the work 01'
the Association, in the National Geographic Magazine, the
American Magazine, Asia, Scribner's, Popular Science
Monthly, Bulletin 01' the Seismological Society, Monthly
Weather Review, and the New York Times and Heralcl­
Tribune. The steam-blast eruption 01' Kilauea occurred
in May, 1924, and was admirably cared for by Messrs.
Finch and Emerson, the director returning the end 01' May.
The station was transferred to the Geological Survey July
1, 1924. Mr. Boles of the National Park Service ran levels
across the disturbed area of Kapoho in Puna, which were
of great value in outlining the down-dropped block of coun­
try there, which had lowered about 10 feet. It was at
this time that numerous papers were published showing
that tides, tilts, and cycles affected the lava of Kilauea.

Up to this time the Massachusetts Institute of Techno­
logy had continued to be a valued contributor to the Asso­
ciation. In later days the Institute has transferred its
experimental work in geophysics to New England fields,
but the highest appreciation should be expressed on behalf
of the Hawaiian Volcano Research Association to this
solid engineering school for bringing about the foundation
of the work in 1911 which the Government and the Asso­
dation have carried forward.

With the entrance of the United States Geological Survey
on the work, the Government cooperation had been in pro­
gress, since the execution of a lease of the laboratory,
from the Association to the Weather Bureau, April 19,
1919. Every assistance and most sympathetic collabora­
tion was given by Chief Charles F. Marvin to volcanology
while it was under the U. S. Weather Bureau. Dr. Marvin
is himself a seismologist of note. The Research Associa-

tion has been left entirely independent as a collaborating
organization, but at all times the initiative for new
methods. new discoveries, new apparatus, outside stations
in Hawaii, and for publications and library, has rested with
the Association. Also Research Fellows such as Dr. Rom­
berg and Dr. Emerson, called in for studies of physics and
chemistry, have been employees 01' the Association The
regular staff is salaried by the Government, but much of
the upkeep and nearly all of the improvement in buildings
and apparatus has come from the Association.

During the 15 years since the work was started, the Re­
search Association had seen grow the interest 01' the Con­
gress 01' the United States in seismology and volcanology;
the interest of scientific journals in Italy, Germany, Hol­
land, Great Britain, France, America, and Japan, and of
seismological and volcanological establishments in Geneva,
Paris, Oxford, and Naples; the interest 01' the Carnegie
Institution, the Pan-Pacific Union, the 'Weather Bureau,
the Coast Survey, the Geological Survey, the National Geo­
graphic Society, and the universities and museums in the
United States: and the establishment of bureaus and com­
missions on \'olcanoes, especially in Japan. the Dutch East
Indies, the Philippines, New Guinea, New Zealand, Mexico,
and Costa Rica; and it has seen fresh acti\'ity in the
national and international geophysical unions and con­
gresses.

The Bishop Museum invited Dr. Jaggar to join an ex­
pedition. in September 1924, to the Howland and Baker
islands in the U. S. S. S. ·Whippoorwill. This was of geat
interest for a volcanologist in view of Darwin's generaliza­
tions concerning atolls as representing subsidence. How­
land and Baker appear to be the nucleus 01' an atoll, and
as such show no evidence of subsidence, nor of the transi­
tion from a previous condition of fringing and barrier reefs.
They appear to be accumulations on a submarine bank not
significantly related to subsidence, elevation, nor retreat
of the sea, but closely related to trade wind and equatorial
current.

In 1925 a visit by a Congressional committee headed by
Hon. L. C. Cramton of l\Iichigan was destined to advance
volcanology immeasurably. Mr. Cramton asked Mr. Jaggar
to accompany him in June to Lassen Volcanic Kational
Park and this was the signal for creation in 1926 01' en­
larged appropriation for a Section of Volcanology to in­
clude Calil'ornia and Alaska with Hawaii. Meantime
Colonel C. H. Birdseye, in charge of the Topographic
Branch of the Geological Survey, undertook to cooperate
with volcanology by sending an engineer, Mr. J. C. Beam,
for leveling. and for triangulation 01' the net of proposed
bore holes that would determine how the temperature of
the crater lava changes horizontally from place to place.
In the machine shop we were experimenting with com­
pressed air drills, and have to thank Messrs. ,V. F. Dilling­
ham and Frank 'Vest of the Hawaiian Contracting Com­
pany for assistance. Leveling reconnaissance was now
indicating that the edge of Halemaumau pit had gone down
several feet during the explosions 01' 1924. Experiments
were being tried in the seismological laboratory with earth­
quakes, with tilt recorders. and with overturning prisms
for calibrating strong-motion earthquakes. Mr. E. G. Win­
gate was surveying Mokuaweoweo Crater. and it is im­
possible to express all that the Observatory owes to the
late Captain A. O. Burkland. in charge of topographic map­
ping in the Hawaiian Islands.

In 1926 it had become the custom of the Volcanologist,
to make a I'orecast each year, in his report to the Director
of the Geological Survey. by way of experimenting with
prediction. The report of December 31, 1925. stated that
low earthquake frequency and accumulated tilt suggested
rising lava and that location of some earthquake centers
implied motion in Mauna Loa. This was confirmed by
Mauna Loa breaking out April 10, 1926, and producing the
Hoopuloa flow. A similar forecast for Halemaumau De­
cember 31, 1926, was followed by the outbreak in that
pit in July 1927. Forecasting data are growing increasingly
accurate.

General reorganization was permitted in 1926. Mr. R. H.
Finch in September founding the Lassen Volcano Observa­
tory, Mr. R. M. Wilson becoming engineer and chief assist­
ant at the Hawaiian station, and Mr. R. B. Hodges becom­
ing clerk and disbursing officer. Mr. Beam remained from



THE VOLCANO LETTER Page Thru

December 30. 1925. to May 21. 1926. tested two level lines
1.000 feet long for changes of tilt. releveled old circuits
about Kilauea. surveyed the bore·hole net. remapped Hale­
maumau. and triangulated the Wilson net. Japanese work­
men wel'e sent from station to station. on the Kilauea
floor, for boring holes 10 feet deep and 1,000 feet apart at
the corners of equilateral triangles. There were added to
the equipment compressor. truck. and drill. some tested
thermometers, one of the modern high-speed cameras. and
up-to-date surveying instruments from the Survey.

Meantime the Research Association had met the Con­
gressional increase of funds by a drive for 20,000 for an
exhibition rOJm. projection apparatus. and furniture on
the top of the great western cliff of Kilauea Crater, which
was duly built and turned over to the Secretary of the
Interior and the Director of the National Park Service in
April 1927. At the same time the Association ordered from
Japan an exhibition seismograph. and the best of the
mineral collections were placed in the museum. The ma­
chine shop of the Observatory was enlarged and a skilled
machinist secured for one year. A tide gauge had been
installed in Hilo, and the Geological Survey cooperated in
securing leveling by the Coast Survey from sea-level to
the top of Mauna Loa. and in m asuring gravity on the
i 'Iand of Hawaii in the autumn and winter of 1926-27. This
work was done by Engineers Simmons. Brown. and Bain­
bridge. In the summer of 1927 Mr. Jag ar went to Alaska.
established a seismograph at Kodiak, sailed to the west
end of the Aleutian Islands ami back, and inspected the
Lassen station. Meantime sevel'al new seismographs of a
distinctive Hawaiian type, large two-component instru­
ments. were built at Kilauea, oue of which was placed in
a new cellar constructed for it in Hilo. Engineer ,Vilson
entered on new mapping of Halemaumau. improvement of
wireless time service, new leveling and triangulation to
determine gl'ound movement. measuring marked fissures
at Halemaumau pit, and making artificial earthquakes with
an oscillating table.

The year 1928 was thus entered upon with the Hawaiian
Volcano Observatory. which had been estabilshed 16 years
before by the Hawaiian Volcano Research Association. as
the central headquarters in the middle of the Pacific
Ocean. for a Section of Volcanology of the United States
Geological Survey, maintaining substations in California
and Alaska, and so doing its bit. of observing active vol­
canoes, at the east, north. and center of the Pacific Ocean.
The Volcano Letter, issued weekly. was distributing notes
abollt the world on volcano science. particularly with ref­
erence to the Pacific. Seismograms were being studied
from foul' places on the Island of Hawaii. and one place
each in Californ' and Alaska. The Hawaiian station was
equipped with a tide-gauge. a machine shop. a number of
permanent bore holes. a chemical laboratory. general
laboratory. dark room. fire-proof archives building, library,
and vehicles, and the needs of the public had been suitably
transferred to the National Park Service by means of a
museum and lecture room. Triangulation and leveling
had proved ('Ievation and distension of Kilauea Crater
before 1924. depression anti construction thereafter. II: p­
ping topographically had covered the whole of the Island
of Hawaii, and was nearly completed for the Territory.
Marked cracks were being systematically measured around
Halemaumau pit. and at Lassen by stakes at Supan's
Springs. New leveling and gravity measurement had ex­
tended to the top of Mauna Loa. A project had been
formulated for possible cooperation of several Government
bureaus in studying the natural history of the Aleutian
Islands.

The National Geographic Society was now taking an
active interest. after numerous explorations in volcanic
fields, from the time of the Caribbean eruptions of 1902 on­
ward. This Society employed Mr. Jaggar in the summer
of 1928 to conduct an expedition to explore and map topo­
graphically 2.500 square miles around Pavlof Bay. near an
active volcano of the same name. one of the beautiful
snowy cones of the Aleutian belt on the south side of the
Alaskan Peninsula. This expedition was timely. as Dr.
Griggs for the Society had conducted a series of expedi­
tions near Katmai Volcano, and our Section was laying a
foundation for expeditions in the Aleutian Islands. two of
which has already been made, with studies of Makushin.

Bogoslof, Korovin. Gareloi, and Chugul volcanoes. In the
Pavlof Expedition the topographic map was made by Mc­
Kinley and published by the Survey. numerous photographs
and motion victures were taken by Stewart. and the geo­
lOgy and volcanology were studied by Jaggar, and a pre­
liminary report published in the National Geographic
Magazine.

It had become evi6ent at the Hawaiian station in 1924
that the tremendous slope, to depths of two or three miles
in only a few miles distance east and west of Hawaii under
the ocean, is an important basal part of the active vol­
canic system. An outflow to the west under the sea in
1877, singular waves and submarine noises during lava
flows from Mauna Loa into the sea. and a probable sub­
marine flow unperceived off the east point in 1924. all made
the study of the volcanic sea bottom by new methods a
fundamental part of future volcanology. Accordingly. the
development of work from boats is essential. The Pavlof
Expedition employed a steel amphibian boat built for the
National Geographic Society which was afterwards turned
over by the society to the Research Association in Hawaii.
The activities of such boats were experimented with in
1927 and 1928 on the east and west sides of Hawaii. as they
possess the great advantage. where laboratory work is to be
considered at a permanent station. of running up the beach
on wheels with all their equipment and collections into a
suitable house. Their bottoms may thus be altered or
mechanized for any kind of sounding. dredging. probing,
or tubular bottom photography with artificial lights in
shallow water. and the ordinary disadvantages. of a boat
exposed to all weathers. at anchor most of the time. with
its bottom fouling, are eliminated. There is very import­
ant work to be done close to shore in Hawaii in determin­
ing the escape of the ground water through submarine fresh
water springs, by bottom sampling and hydrometer tests.
Such submarine springs are lmown in many places on the
active volcanic sides of the island. where no springs what­
ever emerge above sea level. This is true of many of the
volcanic islands of the South Pacific. where the coral reef
problem is affected by fresh water. from the ground-water
surface beneath the rainfall belt of a lava mountain. As
t he explosive eruption of 1924 was probably occasioned by
lava outflow under the sea. and groundwater inflow to the
hot void so created under Halemaumau. it will be seen that
critical surveys of the sea-bottom near Ha waii are absolute­
ly necessary for the progress of volcauology. Therefore
it is proposed to begin with mall vessels close to shore.
and to develop apparatus for such volcanologic surveys.
It is to be hoped that the -avy and other boating organiza­
tions of the Government will give assistance in this work.
The Board of Harbor Commissioners of the Territory of
Ha waii kindly permitted the Association to use a discarded
warehouse at Keauhou in Kona as a shelter for the steel
boat "Honukai," where this amphibian is kept for explora­
tions on the west side of Hawaii.

Engineer R. M. Wilson was obliged to return to Washing­
ton in November 1928, and was replaced by Engineer E. M.
Buckingham. who remained until July 1. 1929. His place
was taken by a geologist. Dr. H. A. Powers, who came
from Harvard University, and entered upon geologic map­
ping of the west side of Hawaii, in addition to service as
general assistant at the Observatory. Mr. 'iVilson had com­
pleted a contour map of Halemaumau after the bottom
changes of 1927. Mr. Buckingham made another after the
bottom changes of February 1929. Mr. Powers as petrol­
ogist started microscopic studies of rocks from Hawaii and
Alaska. and also drafted diagrams of tilt from 1913 to 1930.
Mr. A. E. Jones was sent to Alaska in 1929 and established
a new seismograph station at Dutch Harbor.

Experiments of 1929 at the Hawaiian station dealt with
construction of leverless seismographs tested on the oscil­
lating table. of several models of vertical-component
seismographs. wherein it was attempted to make the con­
stants equivalent to the Hawaiian·type horizontal-com­
ponent instrument, and of several different sizes of shock­
recorders designed as simple instruments to put into the
hands of amateurs. Also mechanical devices were made
the subject of experiment for securing smooth smoking of
seismogram paper. For many months a seismograph was
operated with a restraining bumper against the pendulum
arm having in view the elimination of microseisms and tilt.
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and the recording of local earthquakes only. 'The shock­
recorders were successfully used at Puuwaawaa in western
Hawaii during the extraordinary and disastrous earth­
quakes of September-October 1929.

In the Lassen station a new Hawaiian model seismograph
was set up and the older instrument was transferred to the
Loomis Museum near Viola. Messrs. Howel WilIams ami
C. A. Anderson. in addition to Mr. Finch. were at work
on problems of the geology of the vicinity of Lassen Voi­
cano. Dr. '\Ventworth investigated the geology of Hawaii
June-September 1929, Dr. Stone lhe volcanoes of Chile
November-January 1929-30. and Mr. Finch attended the
Java Science Congress April-June 1929. On January 12
the Director of the U. S. Geological Survey, Dr. George
Otis Smith. called a meeting under the Federal Relations
Committee of the National Research Council for confer­
ence on scientific cooperation in the Aleutian Islands. This
was in line '.vith recommendations of the Pacific Science
Congress of 1923. Dr. Jaggar addressed the meeting, and
was made chairman of a committee to further Aleutian
investigations.

This brings the review of volcanologic activities center­
ing about Hawaii up to 1930·31. The buildings of the Ha­
waiian station were now enlarged and rehabilitated, tilt
studies on a larger scale were prepared for. the Volcano
Letter was enlarged and illustrated, a course in volcano­
logy was given annually in the summer session of the
University of Hawaii. a journey to the active volcano on
the island Ninafoou in Tonga, by Mr. Jaggar, secured valu­
able photographs and records under the Eclipse Expedition
of the U. S. Naval Observatory, shock-recorders were
placed there and in New Zealand. Mr. Finch explored
Akutan Volcano in Alaska and tested a shock-recorder
there, the first clinoscope was constructed, Professor H. S.
Palmer joined Dr. Powers in studies of shore-line changes
on Hawaii, and finally, beginning July 1, 1931, the Congress
of the United States enlarged the funds and activities of
the Section of Volcanology by adding two scientific
workers.

These are Engineer E. G. Wingate and Seismologist A.
E. Jones. and the motive for this enlargement of staff is
largely to concentrate measurements on tilting of the
ground about an active crater in relation to local earth­
quakes. These motions have been found significant for
prediction. There is certainly such tilting around the
Kilauea center. tbere is presumably such tilting around the
Mauna Loa and Hualalai centers. and tbere should be
generalized tilting around the outskirts of the island.
The formulation of what the local motions are, in direct
relation to the passage of time and the coming of activity
at a definite volcanic center. and what such motions show
as to location and motion of definite lava underground, is
tbe aim of volcanology. This has led to the placing of
c1inoscopes. as heretofore described. in three cellars around
Halemaumau pit.

The Research Association met the enlargement provided
by Congress by supplying new and enlarged buildings and
laboratories. and greatly increasing the facilities of the
Hawaiian station. ,Ve have every reason to expres~ our
keen appreciation of the invariable assistance and cordial
cooperation of Hawaii National Park. The Research Asso­
ciation owes a debt of gratitude to Delegate Houston,

Governor Farrington and to Director Smith of the Geo­
logical Survey for bringing about our enlarged opportuni­
ties. and equally to his successor, Director ,'iT. C. Menden­
hall. and to tfie Chief Geologist of the Survey, Dr. T. W.
Stanton.

Th Scientific Director of the Association takes this op­
portunity to express his very keen and heartfelt gratitude
to the late honored L. A. Thurston, for many years our
President, enthusiastic in support of everything which con­
cerned the study and exploration of Hawaiian volcaones,
and skilled as a special pleader and publicist through his
extraordinary learning and memory concerning everything
Hawaiian. All honor should be paid also by all students
of volcanology to the gentlemen of Honolulu who from
time to time have served gratuitously and loyally on the
Board of Directors of this Association. and especially to
the six men in recent years who have served with Mr.
Thur ton in making for growth of the science through
business lead8rship. public influence. financial judgment,
cientific interest, and legal advice, Messrs. Cooke. Ather­

ton. Dillingham. Peck, Dean. and Thayer. Mr. L. W. de
Vis-Norton should be especially commended for his long
and painstaking service as Secretary and Assistant Treas­
urer. in attending to the irksome details of the work of
recorder. sometime editor. bookkeeper, and correspondent,
and in advising with the Scientific Director on all manner
of subjects. as well as doing a large amount of literary
work which has made volcano research known.

KILAUEA REPORT No. 1057

WEEK ENDING APRIL 24. 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

At Halemaumau pit of Kilauea Volcano the week has
shown little change. The weather has been normal of the
trade-wind type. and at 9 a. m. April 18 the yellow fume
patch at the west side of the floor showed thin vapor.
Crack measurements about the eastern rim showed but
slight widening in the measurements of April 19. The
fume emitted continued thin, but is always in evidence as
a bluisb haze over the western half of the pit in early after­
noon light. An avalanche from the northern wall of the
pit about 10:05 a. m. April 21 was followed five minutes
later by a much larger one which appears to have been
registered somewhat as a vibration recorded on the seismo­
graphs of the Observatory two miles away. The fallen
rocks overlapped the January lava floor. the roar was loud,
and a dust doud arose. There were several other slides
on this day and one at 4: 38 p. m. was observed April 22
at the northeastern rim.

Seismic activity registered at the Observatory was mild.
One very feeble shock indicated oriain distance close at
hand, something over two miles, and 26 tremors were
registered during the week. three of which were sufficiently
defined seismically to suggest origin distances of 28. 42,
and 46 miles. Microseismic motion for the week changed
from moderate to light. and tilting of the ground was
strong to the west with slight tendency north.

keeps a journal of Hawaiian volcanic activity and publishe9
occasional Bulletins.

:\Iembership in the Hawaiian Voleano Research Association Is
limited to patrons of Pacific science who desire personally to
aid in supporting the work.

The work of volcano research so supported is in collaboration
with the work of the United States Geological Survey. but sup­
plements it with buildings. research fellows. instrumental plants
explorations and special investigations for which there is n';
governmental provision. The Geological Survey maintains vol­
cano stations in Alaska. California and Hawaii.

The Boare] of Directors includes Arthur L. Dean. President;
Frank . Atherton and 'Val tel' F. Dillingham. Vice-Presidents;
L. Tenney Peck. Treasurer: "-alter F. Frear. Richard A. Cooke
and \\'a !lace R. Farrington.

Persons desiring application blanks for membership ($5.00 or
more) should address the Secretary. Hawaiian Volcano Research
Association. 320 James Campbell Building. Honolulu. T. H.

THE VOLCANO LETTER

The Volcano Letter combines lhe earlier weekly or that nam".
with the former monthly Bulletin of the Hawaiian Volcano Ob­
sen"atory. It is puillishee] ",eel<I,·. on Thursdays. on behalf of
the section of volcanology. C. S. Ueological Surn·y. It promoles
experimental I' cording of eanh processes.

Keaders are requested to send articles. photographs. publica­
dons and clippings about volcano and earthquake events. in­
.truments and investigations. especially around the Pacific.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano belongs to the Hawaiian
Volcano Research Association and is leased and operated by the
United States Geological SUrvAY.

Tt maintainf2 ppismoe-raphs ~t thrpp pla('PB nPRr KflR.1JPR Vol­
cano. also at Hilo. and at Kealakekua in Kona District. It The Volcano Letter is not copyrighted. Editors please credit.
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Hardened human footprints in the Kilauea ash of 1790, Kau Desert six miles

southwest of the crater. The pedestrians were headed north and their bare feet

squashed up the mud around the footprints. The mud solidified like cement.

The pellets formed by the warm mud rains of the eruption are shown at the right.

See Volcano Letter No. 273 and Bulletin Hawaiian Volcano Observatory July 1921.

PIROGRESS OF HAWAIIAN VOLCANO RESEARCH

(Continued from Volcano Letter No. 383)

Appendix to Address of T. A. Jaggar, Annual Meeting of
Hawaiian Volcano Research Association in Honolulu
March 31, 1932.

Publ ications

In order that the reader of tbe foregoing review of
twenty years of work at the Hawaiian Volcano Observatory
may have some references for volcanologic reading, the
following list of publications is compiled, first, to show
the bnlletins of the Hawaiian Volcano Observatory which
contain special reviews, lists of publications, and discus­
sions of special subjects, and second, to give references to
the scientific papers by the staff which have covered the
more important subjects of investigation since 1916. In
Bulletin of Hawaiian Volcano Observatory Vol. IV, No.4,
April 1916, was printed a list of publications to that date.

Publications of the Observatory

First Report, Massachusetts Institute of Technology,
1912. Foundation of the Observatory, Kilauea 1909 to April
3, 1912, notes on Mauna Loa.

Second Report, Massachusetts Institute of Technology,

1917. On cyclical variations in eruption at Kilauea, by
H. O. Wood.

Special Bulletin Haw'n Vole. Obs'y 1913. Scientific work
on Ha waiian volcanoes.

Kilauea and Mauna Loa in 1914 (annual address), Bull.
H. V. O. III, No.4.

Hawaiian earthquake problem, H. O. Wood, III, No.5,
May 1915.

Museum, National Park, publications, etc. (documents),
IV, No.4, April 1916.

Results of six years of work (annual address), V, No.8,
August 1917.

Presidential address by L. A. Thurston (annual meeting),
V, No. 10, October 1917.

Index of danger from volcanoes, Jaggar, VI, No.1, Jan.
1918.

Composition of Hawaiian gases, Shepherd and Allen,
V11 No.7, VIII No.5, IX No.5, X No.8, 1919, 1920, 1921,
and 1922.

Lava tube at Kilauea, Sidney Powers, VIII No.3, March
1920.

Fossil human footprints Kau Desert, Jaggar, IX No. 7
an! No. 10, 1921.



Page Two THE VOLCA:'{O LETTER

Volcano research in Hawaii 1922 (annual address), X
No.4. April 1922.

Progress of boring experiments, X Nos. 5, 6, 7, 9, 10,
1922; XV No.3, 1927; also Monthly Weather Review March
1924.

Aleutian eruptions December 1922, XI 1'\0. 1, Jan. 1923.

Tidal wave at Hilo, XI No.2, Feb. 1923.

Sulphate stalactites in lava tubes, Finch and Emerson,
XU No.3, Mar. 1924.

Volume relations of explosive eruption of Kilauea, Jag­
gar, XII No. 12, Dec. 1924.

National stanclarcls of volcano and earthquake research
(annual address), XIII No.3, Mal'. 1925.

A carbonized tree trunk in New Zealand, Bartrum, XIII
No 7, July 1925.

Mauna Kea geology, Jaggar, XIII No. 10, Oct. 1925.

Sout.hwest rift of Mauna Loa, Finch, XIII No. 12, Dec.
1925.

Viscosity of lava, Palmer, XV No.1, Jan. 1927

Azores earthquake of August 1926, Agostinho, XV No.
2, Feb. 1927.

Opportunity for scientific research in the National Parks
of America, Jaggar, address Pan-Pacific Conference, XV
No.4, Apr. 1927.

U. S. Coast Survey cooperation, -Wilson, XV No.6, June
1927.

Gravity anomalies on Hawaii, Wilson, XV No. 10, Oct.
1927 and Goranson, ArneI'. Jour. Sci'. Aug. 1928.

Hilo seismograph station, Wilson, XV No. 11, TOV. 1927.

Review of seismic features for the year, and the Uwe­
kahuna seismograph, "Nilson, XV No. 12, Dec. 1927

Lassen Volcano Observatory, Finch, XVI No.2, Feb.
1928.

A year of tide gauge operation, and Seismic sea waves
of 1927. Wilson, XVI No.3, Mar. 1928.

The amphibian boat "Ohiki," Wilson, XVI No.4, Apr.
1928.

Seismic sea wave at Hilo June 17, 1928, Wilson, XVI No.
6, June 1928.

Test of Hawaiian-type seismograph, Wilson, XVI No.8,
Aug. 1928.

Magnetism of Lassen lava flows, Jones, XVI No.9, Sept.
1928.

Aleutian geographic observatory, Jaggar, XVI No. 10,
Oct. 1928.

Reviews of progress Hawaiian Volcano Research Asso­
ciation, Volcano Letters Nos. 2, 3, 13, 102, 139, 168, 169,
221, 225, 235.

Publications Outside of the Observatory

Volcanologic investigations at Kilanea, Jaggar, Amer.
Jour. of Sci. Vol. 44, Sept. 1927.

Seismometric investigation of the Hawaiian lava column,
Jaggar, Bull. Seis. Soc. Amer. Vol. X No.4, 1920.

The program of experimental volcanology, Jaggar, Proc.
First Pan-Pac. Sci. Conf. Part 2, p. 309, 1921, Bishop Mu­
seum, Honolulu.

Effects in Mokuaweoweo of the eruption of 1914, Wood,
ArneI'. Jour. Sci. XLI May 1916.

Lava flow from Mauna Loa 1916, Jaggar, ArneI'. Jour.
Sci. XLIII, Apr. 1917.

1'\otes on the 1916 eruption of l\Iauna Loa, Wood, Jour.
of Geol. XXV, 1'\os. 4 and 5, 1917.

On the terms Aphrolith and Dermolith. Jaggar, Jour.
Wash. Acad. Sci. VII No. 10, May 19, 1917.

Thermal gradient of Kilauea lava lake, Jaggar, Jour.
·Wash. Acad. Sci. VII No. 13, July 19, 1917.

Results of volcano study in Hawaii. Jaggar, Tature Vol.
101, 1'\0. 2525, March 21, 1918, p. 54.

An experiment in teleseismic registration, Jaggar and
Romberg, Bull. Seis. Soc. ArneI'. Yo!. VIII Nos. 2-3, 1918.

A 1'\ew Zealand Department of Volcano Research, Jaggar,
1'\ew Zeal. Jour. Sci. and Tech. Yol. III, 1'\0. 3, 1920, p. 162.

Experiences in a volcano observatory, Jaggar, Natural
History, Vol. XXI o. 4, July-Aug. 1921.

The Yokohama-Tokyo earthquake 01' September 1, 1923,
Jao-gar, Bull. Seis. Soc. ArneI'. Vol. XIII, No.4, Dec. 1923.

A plea 1'01' geophysical and geochemical obsen'atories,
Jaggar, Jour. 'Vash. Acad. Sci. Vol. 12, '0. 15, Sept. 19,
1922.

La va tide, seasonal tilt and the volcanic cycle, Jaggar,
Finch and Emerson, Monthly 'Weather Review, March 1924,
p. 142.

Seismic sea waves, Finch, Monthly Weather Review,
March 1924, p. 147.

Predicting earthquakes, Jaggar, Scribners Magazine, Oct.
1924, p. 370.

Explosive eruption 01' Kilauea in Hawaii, Jaggar and
Finch, ArneI'. Jour. Sci. VIII Nov. 1924, p. 353.

Tidal oscillations in Halemaumau, Brown, ArneI'. Jour_
Sci. Feb. 1925, p. 95.

National standards of earthquake and volcano research,
Jaggar, (annual address) Honolulu Advertiser, Mar. 13.
1925.

Sur Ie rives du lac de feu, Jaggar, L'Illustration, Paris,
No. 4287, May 2, 1925, p. 428.

Aventures at volcanoes, Jaggar, Popular Sci. Mo. Mar.
1925, p. 53.

The lesson of Japan's earthquake, Jaggar, Mid-Pacific
Magazine, Mar. 1924, p. 203.

An earthquake prediction at the Hawaiian Volcano Ob­
servatory, Finch, Science Jan. 9, 1925.

Seismic sequnces of the explosive eruptions 01' Kilauea
in May 1924, Finch, Bull. Seis. Soc. ArneI'. Dec. 1924.

The earthquakes at Kapoho. Apr. 1924, Finch, Bull. Seis.
Soc. ArneI'. June 1925.

Earthquake insurance, Jaggar, National Underwriter,
Aug. 13, 1925, p. 10.

Earthquake insurance, Jaggar, Materiaux pour l'etude
des calamites, Geneva Geog. Soc., Vol. 2, No.7, 1925 (also
Vol. 3, No. 19, 1929).

Plus and minus volcanicity, Jaggar, Jour. Wash. Acad.
Sci. Vol. 15, No. 18, Nov. 4, 1925, p. 416.

Chemical significance of engulfment at Kilauea, Shep­
herd, ditto p. 418.

Progress of volcanology during 1924, Jaggar, ditto, p.
424.

Symposium on scientific cooperation in the Aleutian
Islands, Jaggar, Bowie, Sal' ent, Fenner, Neumann, Ault,
and Mitchell, Bull. Nat'l Reseal'. Counc. No. 56, Washington
1926.

The formation of aa and pahoehoe, Emerson, ArneI'. Jour.
Sci., XII Aug. 1926.
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Earthquakes and volcanoes, Jaggar, (chapter in) l"eW
Human Interest Library, l\Iidland Press, Chicago, 1927.

Tilting and level changes in Pacific volcanoes, Jaggar
and Finch;

Engulfment during Pacific explosive eruptions, Jaggar;
Volcanic relations of great Pacific arthqnakes. Jaggar;
T mperature of volcano borings, Jaggar and Finch; all

in Proc. Pan-Pac. Sci. Cong., in Tokyo, Koy. 1926. p. 672,
etc.

Tilt records for thirteen years at the Hawaiian Volcano
Obsen'atory, Jaggar and Finch, Bull. Seis. Soc. Amer. Vol.
19, K o. 1, Mar. 1929.

Products and structure of Kilauea, Stone, Bull. 33, B. P.
Bishop Museum, Honolulu 1926.

Simple seismic measurements, Kirkpatrick, Science Apr.
15, 1927, p. 379.

Seismic measurements by the overthrow of columns,
Kirkpatrick, Bull. Seis. Soc. ArneI'. June 1927, p. 95.

Sakurajima, Japan's greatest volcanic eruption, Jaggar,
Nat'l Geog. Mag. Apr. 1924.

Volcano research of the . S. Geological Survey, Jaggar,
Jour. Wash. Acad. Sci. Vol. XVIII No. 19, p. 512, Nov. 19

1928.

A recent volcanic eruption near Lassen Peak, Williams,
Dept. of Geology Pubs. U. of Cal., Vol. XVII Ko. 7, p. 241,
1928.

Relation of chemical compo ition to texture of ground·
mass in siliceous lavas, Powers, Jour. of Geol., Vol. XXVII
Ko. 3, Apr.·May 1929.

Facts about volcanoes, Jaggar, New York Times, Sept.
1, 1929.

Amateur seismology, Jaggar, Sci. Amer. Nov. 1929, p.
411.

Graded swelling and shrinking of volcanoes, Jaggar,
Proc. Haw'n Acad. Sci., Spec. Pub. 15 B. P. Bishop Museum
Honolulu, p. 10, 1929.

Rainfalls accompanying explosive eruptions of volcanoe ,
Finch, Amer. Jour. Sci., Feb. 1930, p. 147.

Quartz basalt eruptions of Cinder Cone, Lassen, Finch
and Anderson, Bull. Dept. Geol., U. of Cal., Vol. XIX No.
10, p. 245, 1930.

Geology of Kau, Hawaii, Stearns, Clark, and Meinzer,
Water-Supply Paper 616, U. S. Geological Survey.

Volcanology, Jaggar, Sci. Arner. Sept. 1930, p. 176.

Hualalai earthquake crisis of 1929, Jaggar, Proc. Haw'u
Acad. Sci. Special Pub. 16, B. P. Bishop Museum, Honolulu,
p. 89, 1930.

Mechanism of volcanoes, Jaggar, chapter in "Physics of
the earth; I, Volcanology," p. 49, Bull. Nat'! Res. Counc.
77, Washington 1931 (with bibliography).

Mapping the home of the great brown bear, Jaggar,
Nat'l Geog. Mag., Jan. 1929, p. 109.

The eruption cycles in Hawaii, Jaggar, Thrum's Annual
Honolulu, 1932.

Suney of the physical features that affect the agricul­
ture of the Kona District of Ha waii, Powers, Ripperton and
Goto, Hawaii Agric. Expel'. Sta., Bull. 66, Honolulu, 1932.

Kiuafoou \'olcano in Tonga; its eruptions and its people,
Jaggar, Proc. Haw'n Acad. Sci., Special Pub. 19, B. P.
Bi hop Museum, p. 9, 1931; also Volcano Letter Nos. 165,
312, and 318.

In addition it should be mentioned that the "Volcano
Letter" has been issued weekly since January 1, 1925, and
as a four-page leaflet with illustrations, replacing the
former "Bulletin" since January 1, 1930. T.A.J.

KILAUEA REPORT No. 1058

'WEEK ENDIl\'G MAY 1, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge.

"0 changes were observed in Halemaumau on April 25,
xcept possible increase in sulphur stain on the floor at

the foot of the north talus. Crack measurements on the
26th 'howed no changes. At 8 p. m. no glow was to be
seen. On the 27th fume was as usual and nothing new to
been seen. At 10: 30 a. m. fume rose on the west
side of Halemaumau conspicuously in puffs. On the 2 th
at :30 a. m. fume appeared denser at the southwest talus
due to damp, cloudy morning. No change in fume observed
on the 29th at 9 a. m' There appeared to have been a
small slide over west end of the north sill during the night.
On the 30th at 8: 45 a. m. there was nothing new and fume
was as usual at the southwest talus.

The seismographs at the Observatory recorded 13 trem­
ors, two very feeble shocks, and three feeble earthquakes
which were felt. The tremors inaicated varying distances,.
from 23 to 70 miles. The two very feeble shocks showed
origin distances 6 and 16 miles. The first of the three
feeble earthquakes occurred at 1: 59 a. m. April 26. It was
felt in Haina, Honomu, Hilo, Kamuela, Kohala, "\Vaikii, and
at the Observatory. Its record indicated distance 32 miles
from the Observatory, 23 miles from Kealakekua, and 42
miles from Hilo. It is calculated to come from a point five
miles below the saddle between Mauna Loa and Hualalai.

The second feeble earthquake was registered at 3: 17
a. m. April 28 and was not reported felt by many. The
origin was 12 miles from the Observatory. The third feeble
earthquake was at 6: 24 a. m. May 1, and although probably
more generally felt, reports from distant parts of the island
have not yet had time to arrive. Reports of perceptibility
have come from Honomu, Hilo, and near the Observatory.
Records indicate distances 16 miles from the Observatory
and 31 miles from Hilo.

Microseismic motion was mainly moderate. Average
tilting was slight SE by S.

The Observatory is gettinO' very good cooperation from
earthquake obseners. Card forms will be furnished any·
one willing to report felt shocks.
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Churn drill at work on eastern lava field of the floor of Kilauea

Crater July 21,1922. Looking north showing Waldron's Ledge

and the Volcano House in the distance. This is one of the

numerous temperature wells drilled to shallow depths in the

crater floor. These discovered that high temperatures are

always on cracks which bring up hot vapor. See Bulletin Ha·

waiian Volcano Observatory 1922 and 1927.

keeps a journal of Hawaiian volcanic activi-ty and publishes
occasional Bulletins.

Membership in the Hawaiian Volcano Research Association is
limited to patrons of Pacific science who desire personally to
aid in supporting the work.

The work of volcano research so supported is in collaboration
with the wor~ of t~e United States Geological Survey, but sup­
plements It with bUildings, research fellows, instrumental plants
explorations and special investigations for which there is n~
governmental provision. The Geological Survey maintains vol­
cano stations in Alaska, California and Hawaii.

The Board of Directors includes Arthur L. Dean, President;
Frank C. Atherton and Walter F. Dillingham, Vice-Presidents'
L. Tenney Peck, Treasurer; ,"Valter F. Frear, Richard A Cook~
and Wallace R. Farrington. .

Persons desiring application blanks for membership ($5.00 or
more) should address the Secretary, Hawaiian Volcano Research
Association, 320 James Campbell Building, Honolulu, T. H.

THE VOLCANO LETTER

The Volcano Letter combines the earlier weekly of that name,
with the former monthly Bulletin of the Hawaiian Volcano Ob­
servatory. It is published weekly, on Thursdays, on behalf of
the section of volcanology. U. S. Geological Survey. It promotes
experimental recording of earth processes.

Headers are requested to send articles, photographs, publlca­
dons and clippings about volcano and earthquake events, In­
.truments and investigations, especially around the Pacific.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano belongs to the HawaIIan
Volcano Research Association and is leased and operated by the
United States Geological Survey.

It maintains seismographs at threp places near Kilauea Vol­
cano, also at Hllo, and at Kealakekua In Kona District. It The Volcano Letter Is not copyrighted. Editors please credit.
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THE SUSPENSION OF THE VOLCANO LETTER

Among the reductions of governmental appropriation for
the fiscal year ending June 30, 1933, is one changing the
allotment to volcanology in the U. S. Geological Survey
from $35,000 to 15,000. A large proportion of this conclilrns
the HawaiIan Volcano Observatory, which is cooperatively
maintained by a personnel chiefly of government em­
ployees, and by equipment and expenses, including publica­
tion, supplied in large measure by the Hawaiian Volcano
Research Association.

The drastic reduction by fifty-seven per cent will permit
the continuance of the Hawaiian station and a working
staff only by abolishing the weekly Volcano Letter in its
present form, as the publication of that periodical has been
the largest item of expense from the cooperative fund
furnished by the Research Association. This money will
be needed to keep alive the work of the Hawaiian Volcano
Observatory after July I, 1932, and therefore it is deemed
wise by the Board of Directors of the Association to take
action immediately in preparing to reduce the Volcano
Letter to a monthly leaflet after the issue of May 26, 1932.
As before it will contain reports of the volcano observa­
tories of the U. S. Geological Survey, and volcanologic
notes.

As this crisis is a serious one for fundamental research
concerning American volcanoes, all friends of volcano re­
search are requested to rally to the support of the Ha­
waiian Volcano Research Association by subscribing any
sum whatever, from one dollar up, and by securing new
members and patrons for the Association wherever possible
either firms or individuals, and anywhere, in the world.
The regular annual membership fee of the Ass::Jciation is
five dollars, and necessarily the two dollar subscription for
the Volcano Letter as a weekly publication is hereby
abolished. After July 1, 1932, the monthly Volcano Letter
will be sent only to paid up memberships and exchanges.

There will be no suspension of the work done. though
the official staffs of the California, Hawaiian,
and Alaskan stations will be reduced and some workers
eliminated. There will be every effort to enlist new ama­
teur workers who live near volcanoes and in land subject
to small earthquakes, and who may be willing to send in
official postal cards describing tlle happenings which come
to their notice. The corning year will be an opportunity
to bring to publication in scientific journals the material
which has accumulated through recording twenty years of
varied activities. T.A.J.

NOTICE TO MEMBERS AND SUBSCRIBERS

Honolulu, May 2, 1932.
To Members and Subscribers,
Hawaiian Volcano Research Association.

This communication is ordered by resolution of your
Board of Directors on this date, to the following effect:

Hesolved:

That the work of the Association shall be carried on, but
that every possible avenue of economy shall be followed,
including the abolition of the Volcano Letter in its present
form. That the Directors approve of the proposed budget
as revised for the balance of the current calendar year,
with the proviso that further cuts be made, and that every
effort be exerted to collect donations not yet received.

Accordingly, this letter is addressed to those who have
subscribed two dollars per annum for the Volcano Letter
and to regular members and patrons of the Association.

A cut of fifty·seven per cent by the Government, forces
us to limit expenses to bare necessities, in order to save
the Hawaiian Volcano Observatory.

After May 26, 1932, the Volcano Letter will be reduced to
a monthly leaflet, but subscribers will be sent scientific
papers from time to time. You are asked to accept this
for the good of the cause, but two-dollar subscribers or
members who except and require a weekly periodical, and
who so notify the Assistant Treasurer, will have their full
subscription returned.

Those able to help by enlarging their subscriptions or
winning new subscribers, will be benefactors of scientific
research in a time of serious crisis.

T. A. JAGGAR,
Scientific Director;
Hawaii National Park, T. H.

L. W. de VIS-NORTON,
Assistant Treasurer,
320 James Campbell Bldg.,
Honolulu, T. H.

KILAUEA iREPORT No. 1059

WEEK ENDING MAY 8, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge

On the forenoon of May 2 Halemaumau pit showed fresh
debris which had fallen since the previous day on the floor
in the south bay from the wall abov·e. Bluish fume re­
mained constant at the sulphurous cracks at the edge of
the floor west. Measurement of southeastern rim cracks
showed very slight Widening. Inspecti'"ln at 8 p. m. revealed
only a quiet pit" and no glow. On May 3 at 9 a. m. the
western fume was denser, probably owing to moisture con­
tent, as the weather was rainy. At 9 a. m. May 6 some
fresh sliding at the south wall of the pit had added to the
pile of fragments on the floor.

Progress in construction of the two tilt cellars near
Halemaumau west and north shows concrete work in place
at the former, and the digging practically complete at the
latter

The seismographs recordel three very feeble shocks 23,
28, and 69 miles distant, the last rattling windows at
Huehue in North Kona for about 15 seconds May 6 at 5: 28
p. m. Twenty·one tremors were registered, one indicating
distance 46 miles, and another 9 miles. Tilting of the
ground was .practically absent, and microseismic motion
was moderate.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilauea Volcano is maintained co­
operatively by the United States Geological Survey and the
Hawaiian Volcano Hesearch Association. It operates seis­
mographs at three places near Kilauea Volcano, also at
Hilo and Kona. The Geological Survey does other volcano
investigation in California and Alaska. Persons desiring
to join the Hawaiian association should address the Secre­
tary, 320 James Campbell Building. Honolulu, T. H.

The Volcano Letter was a weekly from 1925 to 1932
(May), and is now a monthly leaflet. Readers are re­
quested to send notes, photographs, publications, and clip­
pings about volcano and earthquake events.



The Volcano Letter
No. 386 Hawaiian Volcano Observatory, National Park, Hawaii May 19, 1932

KILAUEA REPORT No. 1060

WEEK ENDING MAY 15, 1932

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge

On the forenoon of May 9, with northeasterly squalls and
rain, the fume rising from the west edge of the tioor of
Halemaumau appeared slightly denser than before, and
some odor of sulphur was detected at southeast rim of pit.
In the afternoon the fume seemed dense and a few wall
rocks fell. On May 11, 9 to 10 a. m. the fume was less
dense, and some small sliding had taken place at the
north. A slide at the south wall in the afternoon agrees
in location with a slight opening of the SSE rjm' cracJrs
recently measured. With damp air May 12 blue fume
rose above the rim infrequently.

Experimental runs are now being made with clinoscopes
for measuring tilt, in the southeast Halemaumau cellar, by
E. G-. Wingate.

Observatory seismographs registered one feeble local
shock at 10: 16 p. m. May 9, felt in Hilo, apparent distance
from Kilauea to origin 14 miles. Three very feeble shocks
occurred, two indicating distance 18 miles, one a possible
djstance of 115 miles. TwentYpsix tremors were recorded.
Microseismic motion was slight to moderate, and tilting
of the ground was slight north.

A large distant earthquake May 14 with first preliminary
at 2h 52m 57s a. m. H.S.T. (10h 30m slower than Greenwich)
indicated djstance 5300 miles wsw. This location checks
with press report of damage and loss of life at this time
in Minahassa, the northern peninsula of Celebes island, a
volcanic area of the Netherlands East Indies.

TILTING OF THE GROUND FOR APRIL

The following figures show the net tilt by weeks at the
Observatory on the northeast rim of Kilauea crater, and
its direction, computed from the dany seismograms, by
platting a curve smoothed by overlapping seven-day aver­
ages. Thjs js the departure of the plumbline in seconds
of arc, in the direction given.

March 29-April 4 1.0 second NE

April 5-11 .. --------------- 0.8 second E
April 12-18 . 0.8 second NW
April 19-25 0.3 second SE

April 26-May 2 ---------------- 0.6 second SSW
E.G.W.

EiRUPTION IN LAKE ROTORUA, NEW ZEALAND

A semi-volcanic eruption up through the bottom of the
southern cove of Lake Rotorua occurred about 7: 45 p. m.
January 18, 1932. The place was about one hundred yards

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This lahoratory at Kilauea '..Tolcano is lnaintained cooperative­
ly hy tIl{' lTnitt'c1 Status Gl::H>logim-Ll SU'i'vey and the Hawaiian
Volcano Research Association. It operates seismographs at three
places near Kilauea Volcano, also at Hilo and Kona. The Geo­
logical Survey does other volcano investigation in California

away froln the shore off the mouth of the Puarenga Stream,
the torrent of warm water that pours northward into the
lake from the Whakarewarewa Geysers. The place is
directly opposite the town of Rotorua. A column of steam,
water, mud and stones was hurled up from an aperture
in the solfataric shallows from 200 to 400 feet. There
was little noise, and a few minutes after it occurred the
surface of the lake was again smooth. The Maoris re­
ported it the largest mud-geyser eruption since the explo­
sion of Waimangu in 1917.

The area covered by the falling mud and stones was
several acres. li"'or more than one hundred yards along
the shores of the lake, and for many yards back from the
water, the ground was coated with thick slimy mud, and
the point of land which projects in the direction of the
vent under the lake was lengthened by 30 yards. People
who happened to be on the balcony of the Ward Bathhouse
had a splendid view of the outburst.

This explosion here is not the first. It is in the same
general locality as two other outbursts a few months
earlier, when the Ngapuna pa was startled by a sensational
disruption of the flats, a native garden was engulfed and
property was threatened. This area is reputed dangerous.
The ground js a mass of brittle and steaming solfataric
deposits, which crunlble underfoot, there are many hot
springs, and occasional patches of quicksand. At '\Vhaka­
rewarewa, a mile and a half away to the south, are the
famous geysers and paint pots visited by tourists, in a
verdant valley filled with boiling springs of varied aspect,
and it seems likely that there are volcanic faults extending
down the Puarenga valley to the lake. The whole district
is highly volcanic, and the hot magma is probably not far
from the surface T.A.J.

ASH ERUPTION IN THE ANDES

From the 10th to the 13th of April 1932 there \vere ex­
tensive steam-blast eruptions in the Andes of Argentina
near the Chilean border, eight volcanoes being named, and
the towns Malargue and San Rafael in Mendoza province
received the heaviest ash-fall. Ash fell at Buenos Aires
in Argentina 800 miles from the source, at Santiago in
Chile and at Montevideo in Uruguay. In the mountain
towns two to three feet of ash and sand are said to have
fallen. Darkness enveloped much of the country, and
earthquakes and fissures were reported, and glow from the
craters. The volcanoes mentioned are the Descabezado
group, Tinguiririca, Tupungato, Juncal, San J 08e, MaiDu
and Peteroa, and probably a volcano in the Neuquen dis­
trict of northern Patagonia. The volcano Quizapu in the
first group has been the subject of anxious observation by
the Chilean Seismological Service since April, 1929. The
ash blanket covered thousands of square miles and made
the mountains look as though covered with snow (Press
reports.) T.A.J.

and Alaska. Persons desiring to ,lOIn the Ha \vaiian association
should address the Secretary, ;320 .Tames Can1pbell Building,
Honolulu, T. H.

'I'he Volcano Letter was a weE"kly 1'1'or11 1925 to 1932 (lVlay),
and is now a monthly leaflet. Readers are requested to send
notes, photographs, publicaUons, and (~lipr)jngs about volcano
and earthquake events.
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KILAUEA REPORT No. 1061

WEEK ENDING MAY 22, 1932

Section of Volcanology, U. S. Geological Survey"
T. A..Taggar, Volcanologist in Charge

Halemaumau, the inner pit of Kilauea Crater has
shown no significant changes during the week. Measure­
ments of cracks May 16 at the rim east and south indicated
little movement. A dust cloud at the north wall at 10: 55
a. m. May 17 during high wind was accompanied by no vi­
sible slide. At 4: 45 p. m. the blue fume from the western
sulphur spot of the bottom was plainly visible above rim
of pit as seen from the Observatory. At 9 a. m. May 18 the
Ecar from a slide was visible above the middle of
the "canoe sill" in the lower northeastern wall of the pit.

The building of the tilt cellars west and north of
Halemaumau has proceeded so that the western oile now
has the instrument chamber encased with built-up rubble,
and the entrance way has been walled up on either side
of the stone stairway at the approach. A heavy slab roof
of concrete, separated by an air space from the inner cham­
ber, will be built across the top The chamber is thus in­
sulated by air spaces, and will have double doors at the
entrance.

Seismic activity has been extraordinarily feeble for
the week. Only three volcanic tremors were recorded, one
indicating a possible origin at 120 miles distance. There
has been much artificial tremor from heavy road-working
machinery. One very feeble local seism occurred. A dis­
tant earthquake indicating origin 4,400 statute miles away,
began at 11h 50m 43s p. ID. May 20, 1932. reported location
Salvador. Microseismic motion for the week was moderate,
and tilting of the ground was slight to the north with ten­
dency eastward

The Volcano Letter will hereafter be monthly.

ERUPTION OF MERAPI IN JAVA

There are two important volcanoes named Merapi, of
which one is in Sumatra. The volcano here considered is
in central .lava, and started a disastrous eruption Novem­
ber 25, 1930. and permitted a stiff, blocky variety of lava
to exude from the crater throughout most of 1931. (Del"
Ausbruch des Merapi, by N. Van Padang, Zeitsch. ftir
Vulk., 1931 page 135, and Bull. Neth. East Ind. Vole. Surv.
19:10-1931. )

Except for the volcano on Bali named Batoer, the flow­
ing of lava is rare in the Dutch E,C):,st Indies, though the
slow push upward there of andesitic domes within craters
is well known.

There had been an increase of tremors from January
to May 1930 at Merapi, and the temperature of the solfa­
taras was about 600 0 C. in October 1930, but this was not
unusual for this place. In November large and small trem­
ors increased, explosions were heard November 23, 1930,
and these continued. When the glowing lava in the crater
appeared on November 25, 1930, large tremors, which had
been caused by crater a valanehes, came to an end.

rrhe lava was very tough and irregular in flowing, its
glow l;vas variable, with rough blocks falling from the front,
,v-hich burst and formed small clouds, that mixed with the
general cauliflower clouds of the jets fronl the crater.
This lava formed a short, stubby outflow at the crater
gulch. Such sluggish flowing, with small gas concentration,
continued until December 18, 1930.

The eruption had charactlers similar to those of Mount
Pele in Martinique, including hot blasts downward and
across country, known, in Martinique as "nuees ardentes"

or glow clouds. After December 18 big blasts occurred,'
throwing out old material mixed with fresh lava, and these
emerged from a big, deep chasm or gulch in the slope of
the mountain opening from the summit crater. Great
avalanches, and streams of blocks rushed down, and follow­
ed valleys, along with a drifting cloud of sand, ash and gas.
While the debris followed the ravines, the whirling hot
sa"1d clouds would keep their own direction, with tornado
effects, and make fearful destruction.

The largest such glow-cloud blast descended the moun­
tain on December 19, 1930, killed more than 1,300 villagers,
devastated 22 square kilometers of country, and spread
m0re than 10 kilometers from the center. The stream of
debris in the valleys was 10 to 50 meters thick, and the
sand covering beyond was from 1 to 40 centimeters thick.

There had been lava domes which had arisen during
eruptions on the summit of Merapi, beghlning in 1883, by
rise of andesite lava through broken material in the bottom
of a crater 100 meters deep There was renewed rise of the
lava in 1888. a dome above the top of the mountain had
formed in 1909, side by side with this eastern' dome there
arose a western dome between it and the crater wall in
1911-13, and in 1922 there came out a lava stream at the
western wall crack, the source material of which made a
triple dome in the crater along with two earlier ones. The
sequence is vividly shown in a series of diagrams by Van
Padang. In 1930 a new dome and flow were formed beside
the o~hers in November-December, and the great eruption
of December 18-19 caused collapse of the older domes, but
after a succession of hot blasts thick lava rose again which
formed a new dome in the chasm, somewhat away from
the center of the mountain. The entire description of this
erupt;on coincides strikingly in quality with that of Santa
IV[aria hl Guatemala November 2, 1929. (Volcano Letter
No. 356)

In January 1931 Java issued from various parts of the
new lava dome, b~ocks fell n0isily from the crust as the
dome repeatedly burst, and the mud and debris slides in
the valleys ("lahars") solidified and cooled. The rains
made water explosions against dry. hot debris in the val­
leys, just as at Soufriere and Pelee in the Caribbee 1s­
]:1nds in 1902. The rivers carried quantities of sand. Light
seen above the lava dome. which showed only fumarolic
action in daytime. was indicated at night to be flame from
burning gas. The smell of sulphur dioxide was strong, and
temperatures of some known fumaroles, formerly 500 0 C.,
had lowered to 60 0 C. On the other hand, solfataric action
was spread over a greater area.

On March 25, 1931. there was an older lava stream of
1930 from the gash under the summit, and a younger one
emerged March 10, 1931, and increased after March 15. so
that on March 19 the lava tongue was 180 meters lower
than the week before. There were many small blasts, with
much avalanching, and glowing spots on top of the "dome
marked places where lava was gushing.

Erosion was now etching rill patterns rapidly in the
deep, hot, debris fills of the valleys. Mud geysers were
thrown up 50 meters high ,vhere eroding streams of water
made contact with gravel beds almost incandescent. Mea­
sured temperatures recorded 280 0 C. The fumarole activity
at the head of Senowo River. where the temperature in
October 1930 had been 610 0 C., had ceased altogether in
April 1931.

Lava flowing and hot blasts continued in May and
June 1931. A new local observatory was built 4 kilometers
-trOln the summit, at elevation 1,279 meters. on the north­
west slope of the mountain, with a tunnel to provide safe
refuge against hot blasts. In this tunnel a seismograph was
placed. In July and Aug-ust 1931 lava flow and avalanches
continued, and at night dark red glow could be seen at the
crater, where in day time vapor arose. T.A.J.
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KILAUEA REPORT FOR JUNE, 1932
Six weeks period from May 22 midnight to July 3, midnight

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge

Volcanology
For the week ending June 5, there were slight falls of

rock during an earthquake 1: 52 p. m. May 29, and a slide
sent up dust at the northeast wall at 12: 22 p. m. June l­
On June 6 a slide above the northwest talus at 1: 10 P. m.
left some new bowlders on the floor.

An event of volcanologic interest from the standpoint
of experiment with methods, was the descent about 10 a.
m. June 12 to the bottom of Halemaumau of Rikan Koni­
shi, a rigger and contractor of Hilo. This was for the re­
covery of two dead bodies on the east talus resulting from
a local tragedy. Mr. Konishi gave the preceding seven
days to setting up an A-frame at the south rim, spanning
the east arc with cable, and improvising a trolleY. In a
wooden cage strongly bound with iron, the task was com­
pleted by Mr. Konishi personally going alone to the bottom
between 10 a. m. and 5 P. m. He had about fifty helpers
and numerous tractors.

The specimens collected of the east edge of the 1932
bottom lava were dued pahoehoe basalt. black with brown
stain, highly vesicular. glassy without visible olivine, with
reddish brown glaze on inner surfaces. The grade of the
talus was 34 degrees. The cage landed on the talus 250
feet above bottom. Time of collection about 3 p. m· June
12, 1932. The lava ledges at the edge of the floor were
about 7 feet high. those out i.n the middle over 40 feet high.
Temperature measured at border ledges, 15 minute ex­
posure, 73 degrees Fahr. Temperature UP talus 5 minute
expos ure 85 degrees: at floor edge farther north insuf·
ferably hot; at some places on the talus rubber soles
were burned. The lava was curled over in shells with ca··
vernons spaces. Mr. Konishi noticed "thin air", a difficul­
ty of breathing, about 600 feet down: this was probably
a streak of the fume with sulphuric acid gas from the
'solfa' ara at the west side of the floor. The Observatory
is under obligation to Mr. Konishi for the specimens and
the data.

Rim cracks at Halemaumau southeast, measured for
the width between opposite sides with calipers, June 13
showed very slight wideninl?; at three localities. The prO­
nounced earthquake generally felt on Hawaii about 4: 52
a. m. June 14 was apparently accompanied by ESE tilt in
the seismograph cellar southeast of Halemaumau. A few
rocks were heard falling the forenoon of June 20. The
instrument cellars for recording tilt at the pit southwest
and north have been completed during the month.

T.A.J.

Earthquakes

During the last six weeks the following teleseisms
were recorded on the seismographs of the Observatory.
(Hawaiian standard time 10h. 30m. slow G.M.T.)

One May 26 at 5: 47: 50 a. m., distance 3.250 statute
miles.

One June 3 at 0: 15: 54 a. m., wrote a very large record.
It was destructive in Mexico and sea waves originating
on that shore were visible in Hila. These waves arrived
in Hilo soon after 7 a. m., were about two and a half feet
in height range, and 18 minutes in period. with the maxima
between 7: 30 and 10: 30 a. m. A second series of water
waves about a foot high came about 3: 30 p. m. These
were probably the reflections from the South American
shore as the time computation is nearly correct for that
path.

Fragments of teleseisms were recorded at 10: 59 p. m.
June 4 and 10: 21: 28 P. m. June 6. The latter was slightly
destructive in Eureka, California, and only the P and M
phases recorded. A teleseism 11: 51: 22 p. m. June 17
was followed between 7 and 9 a. m. June 18 by a tidal wave
two to three inches high in Hilo Bay.

A teleseism June 19 at 11: 13 p. m. was fragmen­
tary, consisting of long, sinUSOidal waves lasting but a
few minutes. June 22 at 2:38:18 a. m. another teleseism
began recording from southern Mexico. The P and M
phases only were recorded. A slight ocean wave was re­
corded on the Hilo tide gauge after 9 a. m.

A moderate local earthquake occurred 4: 51 :45 a. m.
June 14. Reports showed that it awakened people gener­
ally over the island of Hawaii. It was also reported from
Maui. The Bosch-Omori seismograph at Kilauea was dis­
mantled. The approximate center located by distances
from two stations and bY a direction from a third, was in
lat. 19 0 28' N., long. 155 0 22' 'IV., and about 13 km. deep.
It probably occurred on the below-ground projection of
the fault between Mauna Loa and Kilauea. This earth­
quake was estimated to be about III Rossi-Fore!.

On May 29 at 1: 51: 27 p. m. a slight earthquake (about
II Rossi-Forel) was felt at both Kilauea and Hilo. Distan­
ces from three stations placed it at 19 0 21' N., 155 0 17' W.
and about 12 km. deep.

On June 5 at 6: 53 p. m. a feeble shock was felt at
Kilauea, about 9 miles away from this station.

A very feeble shock was felt on the Hamakua coast
May 25 at 1: 42: 13 P. m. The epicenter was probably a
few miles seaward from that coast.

Twenty other very feeble shocks were recorded at the
Kilauea station. Ten of these occurred at distances from
3 to 9 statute miles; eight of the others occurred about 20
miles away, one at 70 and one at 150 miles away from
Kilauea.

One huudred fifty-nine tremors were recorded. Due
to their small size and inconspicuollS phases, very few of
these can be located. Some similar tremors have been
reported as earthquakes from the north part of the iSland.
In preparing to study these earthquakes a small seismo­
graph hut was completed on June 29. It is located at
'IVaikii telephone station on the northwest slope of Mauna
Kea. It is planned that a seismograph, transferred from
one of our abandoned Alaskan stations, will be placed
there in October 1932. A.E.J.

Tilting of the Ground

The following figures show the net tilt by weeks at
the Observatory on the northeast rim of Kilauea crater
and its direction, computed from the daily seismograms:
by platting a curve smoothed by overlapping seven-day
averages. This is the departure of the plumbline in
seconds of arc, in the direction given. The last record
waa in Volcano Letter No. 386.

May 3-9 .._ ....._.._.. _._ 0.4 second NNE
May 10-16 __ _.. . ._ 1.0 second NNE
May 17 23 _... . .. 1.1 second NW
May 24-30 _,,_,_,_, __ ,_,, __ , ,_ 0.8 second SW
May 31-June 6 .. _._. .__ 0.4 second NNE
June 7-13 __ .__ . ... _ _. .. 0.8 second NE
.June 14-20 . .._ __ .. _. 0.7 second SW
June 21-27 .. _._. ._. __ .... 1.0 second N

The accumulated tilt at the Observatory since January
1, 1932 to June 27 is 14.2 seconds S. and 1.4 spOQnd W.
Thes~ rec~rds are from the modified two-component Bosch­
Omon seIsmograph which has stood in this cellar for
twenty years. E.G.W.
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KILAUEA REPORT FOR JULY, 1932
Including weekly press reports Nos. 1068 to 1071, July 3 to

July 31 midnight
Section of Volcanology, U. S. Geological Survey

T. A. Jaggar, Volcanologist in Charge
Volcanology

A slide froln the west vvall of Halemaumau July 4 left
(), . lnound of debris 20 feet high on the floor, and noisy
slides raised dust that forenoon. The 1932 conelet south­
\vest had slumped. A northwest wall slide occurred 6: 40 a.
nl. July 13, and another left a scar southeast July 16. The
rock above the canoe sill in northeast \vall made a slide
big enough to n1ake the 1932 lava floor dusty about July 27,
and in the night following July 29 a block of the actual
riln of the pit south left a wide scar down the wall, visible
from the Observatory. Yellow dust and sand was left
covering the western half of the floor, while, the south
bay showed large bowlders and smaller debris. The pit
seismograph showed NW or inward tilt accompanying this
slide, and two cracks back of the south rim had widened.

Fresh cracks in the ash soil of the northeast rim
\vere oceasioned by the slides of July 4. Measured rin1
cracks northeast on that date showed at 5 p. m. slight
general opening compared with June 21. At 7 a. m. July
8 nine out of nineteen eastern rim cracks showed open­
ing compared with July 4, but very slight. At 9: 30 a. ill

July 12 very slight widening apart of eastern cracks con­
tinued, and at the end of the nlonth it was found that
only the two fissures back of the slide of July 29 showed
significant opening, and that less than one sixteenth inch.
This work is done carefully at marked and numbered
places, with caliper and rule.

At the southeast Halemaumau cellar seislnic move­
lnents and tilts occur quite different from those Aregister­
ed at the Observatory on the northeast edge of the great­
er crater of Kilauea. E. G. Wingate is operating this
cellar, \vhich contains both clinoscope and Hawaiiaa type
seisnlograph. The following figures show \veBkly totals
of peculiar pit trelnors, sudden small jerking movements
of quick period and very slight amplitude, the frequency
variable on different days, and generally showing tilt, or
\videning apart of the seismogram lines, simultaneous \vith
the trelubling. This motion is most conspicuous on the
east-west pendulum, and as the. cellar is to the east of
the pit, the dominant tilt which accompanies the tremors
is east\vard or away from the volcanic center. The act­
ion a1ppears to be seislnic, and Jnay prove an important
index of lllagrna rising below. The new instrulnent mag­
nifie,s about 120 times, and is more sensitive, than the one
in operation prior to the autulnn of 1931 at this place.
The frequency, or number of tremors counted, was:-

July 3 - 9 ----.. ---------- __ .. 343
.JUly 10 - 16 ------------------------ 300
July 17 - 23 ------- .__ .. _. .... ... 150
July 24 - 30 .... . ... . . ... 137

It happens that there were lower values in IVlay, and an
increase in June, so that the maxinluln was around the
solstice (.June 20), and the four weeks of July show
graded decrease. r-rhis tremor frequently at the pit
thus is in accord with the seismicity decrease (earth­
quakes) shovvn below by l'vlr. Jones. The idea that these
pi t treulors are creakings of the inner dome of Kilauea
crater floor being pushed up by Inagma below, is in accord
with the opening of the riIn cracks, and evidence by topo­
graphic surveys which suggest that the ground is rising
itnd that the opposite walls of Kilauea crater are s'pread­
ing apart The clinoscopes have been placed in the west
and north pit cellars, and their operation tor a fe\v months
should throw new light on the question, is the ground
tilting away froln Halenlaun1au in all directions? Dur­
ing very feeble earthquake.s July 16 and 17 slight east
and south tilt showed on the seismograms, this being in­
('lination avvay froln the pit; whereas during the south

avalanche: of July 29, the seismographic tilt at the south­
east station was northwest or inward toward the pit.

T.A.J.

Earthquake's
The following is a tabulation of the tremors, very

feeble and moderate: local shocks recorded by the seis­
mographs at the Hawaiian Volcano Observatory during the
interval July 4 to 31 inclusive, 1932. Hawaiian Standard
Time is 10h. 30m. slower than Greenwich. The seismicity
index (seis.) is the summation of weighted nUlYLbers given
each type of shock, as explained in Volcano Letter No 371.

Date tr vf lnod seis
July 4 to 10 37 5 1 14.75
July 11 to 17 42 2 0 11.50
July 18 to 24 22 0 0 5.50
July 25 to 31 29 2 0' 8.25

The, seismicity for the preceding two nlonths was;-
Week ending lVIay 15 .__ .. . se,is. 9.00

May 22. .. . 1.25
May 29 . . . 7.25
June 5 . . 8.75
J une 12 - - 5.25
June 19 .__ .. . 13.00
June 26 .._._. . ... ._.9.75
July 3--.- . ._. __14.25

The Inoderate shock of July 7, at 10h. 30m. 49s. p. m.
\vas felt generally on the island of Hawaii and was reported
from one locality on Oahu. Its focus was about 8 miles
south of the Observatory and about 6 miles deep. It was
followed on July 8 by two very feeble aftershocks, about
7 lniles distant, and by 15 tremors of unknown distance.
The change in earth-tilt a few hours before and a few
hours after the earthquake was noticeable. Moderate NW
tilt preceded and moderate S tilt followed.

The very feeble shocks, other than those mentioned
above, occurred at approximate distances of 9, 9, 11, 16
18~ 23, and 24 mle,s. The few tren10rs for which distances
could be estimated occurred at 4, 9, 20, 34, and 40 miles.
A fragment of a distant earthquake was recorded begin­
ni.ng 9: 13 a. n1. July 12, and a second on81 beginning 10h.
53m. 04s. p. ill. July 24, \vith a secondary wave at 11h.
04n1. 59s. p. m. Microseismic motion was light at the
heginni.ng and at the end of July, and lTIoderate during
the middle fortnight. A.E.J.
Tilting of the ground

The following figures show the net tilt by weeks
at the Observatory on the northeast riln of Kilauea crater)
a.nd its direction, cOlnputed from the daily seismograms,
by platting a curve smoothed by overlapping seven-day
averages. This is the departure, of thE=' plumbUne in
seeonds of arc, in the direction given. The last record
\vas in Volcano Letter 388. The total accumulated tilt
from January 1 to August 1, 1932 is 12.6 se,conds S., and
2.2 seconds W.

June 28 - July 4--_.---------- 0.6 second
July 5 - 11 ---------------.-----. 0.4 second
July 12 - 18 ------- .. 1.0 second
July 19 - 25 .- .. ------._...--------.------ 0.6 second
July 26 - August L . 0.8 second

Personnel

Mr. Jaggar has been engaged in editing papers for pub­
lication and in teaching volcanology to a class of fifty-six
at the lecture hall of Hawaii National Park, SUlnmer ses­
sion of the lJniversity of HawaiL NIl'. Finch has returned
from Shishaldin volcano in Alaska to his duties at Lassen
Volcano Observatory. Mr. Wingate has been resurveying
the Kilauea triangulation net. Mr. Jones has been com­
puting travel tilne curves for Hawaiian earthquakes. Mr.
Powers has been transferred to geological surveys on
I-Ialeakala volcano, Water Resources Branch.
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A.E.J.

Gr'ound movement and Tilt

Fielld work on triangulation of the: Kilauea net was
con1pleted early in August. Sixtee·n stations were occupied
in the course of the survey and thirty-one triangles closed
",-ith and average error of 02".55. A complete report on
the ground movements detected by this survey will be
rr.. ade, the subject of a sepa,rate pape·r at a later date.

The, clinoscope at the seismograph hut at Halemau­
l11au is p,e1r'forlning usefully, a;fter several 1110nths of va,rious
tests. The hut is located 1,800 feetfrol11 thH center of
the pit, in azimuth 325 degreles, and 400 feet back from
the rim. The clinoscop,e, is housed in a se.pe:rate: glass­
inclosed 1'00111 which ha.s a daily range of slightly less than
t\VO degre,€ts F. Re1adings aI'€! n1ade once daily. Actual
magnification of the clinoscope is about 50 times.

The 'Table' of THt' shows the net tilt by we,eks, as
cOInputed from seismograms at the Observa.tory and from
clinoscop,e readings at Halremauman. The table, re:presents
t.he movement of thH ground, in s.e,conds of arc, in the,
direction given. The total acculnulated tilt at thH Obser­
vatory from January 1 to September 1, 1932 is 10".5 South
and 02".9 'Vest.

tremor is applied to th.e smallest. For weiekly seismicity
or SeiSll1is indHx see Volcano Letter No. 371.

date tremor v. f. feeble seis
Aug. 1 to 7 29 5 0 12.00
Aug. S to 14 23 2 1 7.75
Aug. 15 to 21 20 3 1 7.50
Aug. 22 to 28 26 9 1 12.00

On81 of the very feleble shocks, August 4, was felt by
a person sitting on a ledge at Puu Koae, in the Kan d:eselrt.
A partial record. of a distance earthquake began 5h; 01n1;
12s p. m· H. S. T. August 11. The origin, as givlen by the
TJ. S. C. & G. S. was in the Aleutian Islands near Umnak
Island. August 19 a shock was felt in Kona, and Kohala.
It recorded feebly at Kilauea. Instrumental location placed
it two miles at sea near the extension of the Hualalai
rIft, and about. three, miles north of K.eahole Point on the
1NHSt side of' Hawaii. It ,vas ahout 12 milels below sea
level. ...1\ feeble earthquake was f8l1t August 23 by an ob­
server three miles east of the Observatory. The record
showed that it was followed in lelss than twO! nlinutes by
four very feeble after-shocks, the preHlninari!e'S being too
weak to indicate distance. A very feeble shock was re~port­

ed felt in the sanle ne,ighborhood on August 27. It was
ninel or ten lniles froln the Observatory.

The a.ve1ragel weekly selislnicity at Kilauela for the
period of 10"" valuels sincel the last lava inflow, ending
January 5, 1932, has been about ten. The average for all
values during the last four ye1ars has be'en about 80. The
values for A.ugust are close to the ave1rage low for part
ot this year.

KILAUEA REPORT FOR AUGUST 1932

Including weekly press reports Nos. 1072 to 1075, July 31

to August 28 midnight.

Section of Volcanology, U. S. Geological Survey

E. G.Wingate tenlporaily in charge

Volcanology

A visit to the sumluit of lWauna. Loa was made by Park
range.rs August 9 to 11. They discovered much steall1
along thB upper part of the northeast rift, blue fume ana
stealn about the central cones of IVlokuaweow,eo, thB sum­
rnit crater of lVlauna Loa and the usua,l steam at the foot
of the west wall. Another party led. by IVleissrs. Squire and
Corey of Hilo visited the sununit on August 1'7. They
I'<:ported stean1 and fume at lVlokua:weoweo as usual. The
funle over IVlokuaweoweo as seen fron1 KilaueH has oc­
casionally b8len visible in laite afternoon as a tenuous volute
of definite, outline; and several times the northern posi­
tion of the sunset light has brought out thel steaul jets of
the northeast rift. These things are not unusual in sum­
rner time.

Volcanic conditions at I-Iale:maunlau in Kilauea ha,ve
been r8lJatively quiet and inactive during the month. A
slnall slide took plaee on the sixth. Only four or five
rocks fans occurred during the, relst of the month. A night
observation trip 8 :p. m. August 24 showed eve,rything
quiet and dark in the pit. The cracks on the rim of' the, pit
of Haleluaunlau showed 110 changB the first w'eelk of Aug­
ust. For the next three weeks six cracks consistently
opened for an approximate total of a sixteenth of an inch
each. The very local pit trelnors have decreased in nU11l­
bel'S, the count was 141, 203, 107, and 29 on successive
·weeks.

A note on Kamchatkan Volcanoes.

A very interesting communication \vas recelived from
P. T. Novograblenof of the Kamchatka Museum. He de­
scribes an erupti.on at one of their great volcanic cones,
EJuchevskaya which is ne,arly 16,000 feet high. There had
been no eruption either in it or its parasitic cones since
sOluetime prior to the Russian invasion of the peninsula
in 1696 A. D. For a period of four Jl10nths preceding the
eruption of January 25) 1932 earthquakes were felt alrnost
dallY, SOITIe being almost destructive in intensity. The
eruption started quietly with black funle rising some thou­
sands of fe,elt, above the parasitic cone at the base of the
volcano. rrhe explosive phasel began two hours later and
explosions recurred at interva,ls of six to seven hours.
Therel were no lava flows. Th.e eiruptive products were
funlel, ash, sand, lapilli and volcanic bOInbs. Immediately
aftelr the, culn1ination of activity on January 29 a party
visited the vicinity of th.e cone. They reported it as
gro\ving no le,ss than 12 meters a. day. After seven days
of explosive· activity it quieted and gradually declined.
Sn10ke and glow from the cratl8r could be seen on the day
and night of February 12 1932. Karil11sky volcano was
the only other Kamchatkan volcano in eruption at this
tirne.

Date

July
Aug.
Aug.
Aug.

31 - Aug. 7
8 - Aug. 14

15 - Aug. 21
22 - Aug. 28

TABLE OF TILT

Observatory

0".5 NNE
1".0 NW
0".4 NW
0"·6 NNE

Halelmaumau

0".4 NW
0".4 WNW
0".5 N:N"\V
0".9 WNvV

Earthquakes

The following is a tabulation of the tren10rs, very
feeble and feeble e,arthquakes recorded by the Observa­
tory se:isnlograph during the interval August 1 to 29. All
of these are of intensity one Itossi-Forel scale. The term

Clinoscopes of similar design to that above have: been
installed in thel west and north tilt eellars, and arH being
g-iven elxpe1r'imentall runs. The two cellars, together with
the sHismograph hut, forln an equilateral triangle about
the center of Hale,mauluau.

E.G.W.
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seis.
15.00

6.75
10.25
12.50

5.00
Rossi-Forel

TABLE OF TILT

Date Observatory Halemaumau
Aug. 29 - Sept. 4 0."7 NE 5."5 NNE
Sept. 5 - Sept. 11 _ 0."4 SSE _ _._ 6."9 S
Sept· 12 - Sept. 18 1:'1 NE __. _. __ 8."2 WNW
Sept. 19 - Sept. 25 _ __ 0."7 SE _ 17."0 S
Sept. 26 - Oct. 2 __ 1:'0 NNE 14."0 W

That the values for Halemaumau given above are not
excessive is shown by spirit levels run on September 27.
These levels indicate that the east rim, 400 feet from the
D. M. at the clinascope station, has lowered 0.3 feet since
March 5 of this year. Between April 5, the date of install­
ation of the clinascope, and September 27, there had ac­
cumulated 01' 22."0 of tilt in the direc'tion of the pit,
Which, at a distance of 400 feet, would amount to 0.12 feet.
A much closer actuaI agreement seems to be indicated, as
March 5, the date of late,st comparable levels, was the
culmination of a minor period of uplift of the Kilauea dome.

E.G.W.

were recorded during the week preceding the date below.
date tremor v· f. feeble

September 4 44 8 0
September 11 19 4 1
September 18 23 7 1
September 25 36 5 1
October 2 10 5 0
These earthquakes were not larger than NO.1
scale.

During the last three days of August a swarm of thirty
t\'emors were re·corded on the seismographs of the Hawaiian
Volcano Observatory. From measure,ments on a ve,ry few,
the seismic disturbances appeared to have occurred from
30 to 60 statute miles away. Since no reports came, in
from othe,r parts of the island, they probably occurred
deep unde'r the island.

A very feeble shock was felt near Kilauea at 2: 45
p. m. September 6. It was about five miles away.

A feeble shock awakened people near Kilauea on the
seventh at 4: 38 a. m. It was also reported from Hilo.
])istances and directions from the Hilo and Observatory
stations indicated that the focus was under Kilauea crater
and nearly under the pit.

A feeble shock, not felt, was recorded September 12
at 5; 50 p. m. It wa,s about three miles away from the
Observatory. The instruments at the pit showed south and
westerly tilt effects for 24 hours following the shock.

A very feeble shock was recorded September 16 at
4:51 p. m. Later, reports came in saying that an earth­
quake had been felt at Waildi at that time.

A feeble shock was recorded 7: 32 a. m. September 24.
It occurred about four statute miles from the Observatory
and was well recorded on all seismographs at Kilauea.
It was not reported felt. It recorded at Hilo as a very
feeble shock and at Kona as a tremor.

An earthquake was felt in Kamuela at 9: 38 a. m.
September 27. It recorded as· very feeble at the Hilo and
Observatory stations. Distances interpreted from the re­
cords placed it about under Kamuela.

The seismic index (seis.), as is shown above, has not
been very far from the, average low between eruptions.

A.E.J.
Tilting of the ground

The 'Table of Tilt' shows the net tilt by weeks, as
computed from seismograms at the Observatory and from
clinascope readings at Halemaumau. The table repre­
sents the movement of the ground, in seconds of are, in
the direction given. The total accumulated tilt at the
Observatory from January 1 to October 2,1932 is 09."6
South and 00."5 West.

Including weekly press reports Nos. 1076 to 1080, August 29

to October 2 midnight.

Section of Volcanology, U. S. Geological Survey

E. G. Wingate temporarily in cha-l·ge.

E.G.W.
Earthquakes

The following is a tabulation of the earthquakes that

KILAUEA REPORT FOR SEPTEMBER 1932

Volcanology

A small slide and a few rocks falls in the pit of Hale­
m.aumau in Kilauea crater were noted by obser~7ers dur­
ing the last three days of August. A small slide fell from
the east wall soon after daybre,ak September 8. A second
small slide fell from o,ver the Southwest talus slope and
a few rocks fell from the east wall during that afternoon.
The rim cracks back of the west wall showed widening
all this day by fresh looking hair cracks in the overlying
ash. Three smaIl slides occurred after the above date
and before September 18. Since then no slides large
enough to be reported have occurred.

Measurements on the rim cracks under weekly obser­
vation have been taken five times, in the period covered
by this report. The changes are largely confined to a few
cracks that show nearly constant movement. The number
of cracks that have opened a slight but measureable a­
mount for each successive week are four, zero, six, ten,
and four.

Observations and measurements of tilt at the pit dur­
fug the last month seem to indicate that upward pres­
sure is beginning to be exerted. The tilt changed abruptly
from inward tilting to a direction away from the pit
following the felt quake of September 7. During the last
two weeks of September there began to be noticed a
1110re or less continuous trickling of rocks from the walls,
notably from the north and west, with evidences of very
small sliding.

A New Map of Halemaumau

During the month of September a complete map of
the pit was made by plane-table surveys on a scale of 400
feet to the inch. This is the first map of the entire pit made
since the survey by R. M. Wilson in 1928. A comparison
of the two maps reveals some interesting changes in the
crater.

Halemaumau still retains its general circularity,
though the northeast-southeast diameter is greater. The
diameters at present are 3504 by 3008 feet. Avalanching
fl"Om the walls has had the greatest effect on the avea
extending southward from the tourist lookout. The max­
imum amount of rim change has taken place in this area,
amounting to 130 feet in one place. Other noticeable rim
cllanges occur in the neighborhood of the old 14 ton
boulder some 600 feet north of the tourist lookout, where
80 feet of the rim has fallen; along the east rim over the
east talus, 80 feet; and 60 feet over the north buttress.

The general floor level has risen 280 feet, at present
being 870 feet below the bronze tablet at the lookout. In
area the floor has increased from 19 acres in 1928 to 88
acres, while the pit as a whole has enlarged its size only
4 acres. These figures give an approximate volume of fill,
by lava extrusion, of 21,000,000 cubic yards, of which the
last eruption accounted for almost 13,000,000 cubic yards.

The cone in the southwest corner of the pit is 120 feet
above the floor level and the larger hummocks on the floor
are from 15 to 20 feet in height.
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KILAUEA REPORT FOR OCTOBE,R 1932

A.E.J.

Halemaumau
..-- 9."7 N
..---.-- -- .. -- 27."2 NE
---------------.__ 5."5 ENE
'.._'.-.' ..'-..." 6."8 SSW

E.G.W.

Date
Oct. 3 - Oct. 9
Oct. 10 - Oct. 16
Oct. 17 - Oct. 23
Oct. 2,1: - Oct. 30

The Study of Ground Tilts: at the Observatory

At the very bBiginning of obselrvations at Kilaue'a in
1913 excelptional tHting of the ground about the volcano
became alppa,rent, and with the passing of years beca.me a
subject of increasing interest and importance. The accu­
nlulation of data, obtained by lueasuring from a fixed
datum line the displacement from day to day, of the writ­
ing pens on the Heismograph seemed to point to a volcanic
origin for a portion of the, observed tilts. Certain erup­
tive periods showing a decided tilt away from the crate'r
preceding the eruption, and the collapse in 1924 show'ed
in \\rard tilting to the amount of 81 s'econds of' arc between
January 1 and July 1 of that yea.r. In Vol. 19, No.1, March,
1929, Bulletin of the, Seismological Society of Ame([''ica,
Dr. T. A. Jaggar and R. H. Finch halve discussed, "Tilt
Records for Thirteen Years at the Hawaiian Volcano Ob­
servatory". Their work und'ertakes the corre'lation of re­
ults fronl prpcise lelvels and triangulation, atmospheric
temperature, rainfall, seismicity, and the rise and fall of
the Hawaiian lava column with the obse'rved tilts as mea­
sured at the Obs,ervatory.

The present p1rogram of inve1stigation is a continuation
and elxtens'ion of past work. It was felt that a new site for
instrumental measurenlent was neeesisary 8;S the location
of the observatory proper on the outer rim of Kilauea,
with earth crac'ks about it and a much faulted cliff in front
as well as the distance (three mile,s) from the object of
study. wa.s not such as to obtain 'fully reUa,bl8! record5
of volc:anic tilts. In 1928 a one component se1ismograph
was installed a few hundred feet southeast from Halemau­
nlau. This instrument was in ope,ration until December
1931 ,vhen it was dismantled to make way for the bUilding
of the first nf three tilt cellars cente:red about the pit. Up­
lifts aDd denressions of as much as 15 feet are not un­
comlm:on about the rim of Hale,maumau, and it was felt that
with instrument stations located on the crater floor a short
distance from the aetive pit it would be possible to make
a much closer correlation between observed tilts and the
rise and fall of thel lava. column.

Three, clinoscopes, for direct measurement of tilt, and
one Hawaiian Type seismograph are now in operation on
the crater floor and melasurements from seismograms at
the obs,e1rva,tory are being continued. The differential
movement of benchmarks is determined by sp,irit le:vels
from tim.8J to time and the horizontal angular value bel­
t.ween two points on oP'nositer sides of the pit is measured
from the Observatory periodically. The, nert of triangulation
and Ielvel stations ahout Kilauea is resurve1yed at five
year intervals,. This net is to be elxtended eastward along
the Puna rift and an independent net established a,t its
Hastern end. This section was the scene of disastrous
ea.rthouakes and shore line; sinking in 1823, 1868 and 1924.
Straight line,s of sight. with intervisible ma.rked points.
slpanning the fault country south of the, volcano are, con­
templated. Records are kept, with daily and s'moothed
curvels platted, of atmosphe,ric temperature, rainfall and
at.mospheric pr1essure. Rainfall and temp8lrature are also
observed and platted at Halemaulnau.
Tilting of the ground

The "T'able of Tilt" shows the net tilt by weeks, a.s
cOluputed from seismograms at the Observatory and frOID
clinoscope readings at Halemaumau. The table repre­
sents the movement of the ground, in seconds of a.rc, in
the direction given. The total a.ccumulated tilt at the
Observatory from January to October 30, 1932 is 6."4
South and 2."1 East.

TABLE OF TILT
Observatory

- -_.._.. 1."5 NE
.-..,--- ..-...--- 1."9 NNE
.-.-.-.--- .. ---- 0."7 SE
.-- _ 0."6 NE

v. f. seis.
1 5.75
1 9.25
2 11.25
1 11.00

are due to the duration

Volcanology
Conditions at Halemaulnau pit of Kilauea cra.t:elr re­

main quiet and inactive. For the first "\veek of the Inonth
rock trickling was quite noticeable. From the daily ob­
serv'ations and reports of visitors it appea,red that there
was an almost constant falling of rocks from the wa,lls of
the pit. During the next two weeks this was unnoticeable,
probably on accoun.t of the high winds that may have
Inasked the sound of any falling rocks. For the last week
of the month relPorts showed that there had been a small
arnount of rock trickling followed by two small slide,s
from the north and northwest wa.lls of the pit. The, fume
"':as lelss noticea,ble, for the greater part of the month. Air
conditions on Octoberr 26 and 27 apparently increased the
visibility of' the fume, which appeared in occasional puffs.

Conlparison of the October mea,surelments of the rim
cracks with the, merasurements of thel past months show
that there has been a slight increase in the number open­
ing. Each measuring point on these cra,cks, consi'sts of
two ma.rked coppe,r pins, fixed on eithe,r side, of' the, cra,ck.
Every week the dist.ance be1tween the marks on the, pins is
measured to the nearest half millimeter or about one:-fif­
tieth of an inch. The, nurnbers that showed widening for the
succe,sslve weeks in Octobe,r were four, eight, eight, and
seven, These movements are irregular and scattelred
am·ong the observation poin.ts. In only one caSle has a
crack consistently opened since Se':ptenlber 24. Since. then
it has opened about a sixte1enth of an inch each week until
at pre,sent its total w'id,ellling is about a quarter of an inch.
Earthquakes

The following is a tabulation of the earthquakes re­
corded by the seismographs of the Hawaiian Volcano Ob­
servatory during the intervals October 3 to 30 inclusive.
r-rbe instrulnental record conststs only of tre'mors and very
feeble shocks. Thel weekly se'ismicity (seis.) is the sum­
111ation of w'eighed num.be'rs given ea,ch type of shock a.s
explained in Volcano Letter No. 371.

da.tel trelTIOr
Oct. 2 to 9 21
Oct. 10 to 16 26
Oct. 17 to 23 41
Oet. 24 to 30 41
Inconsistencies in the abovel table
of tremors.

An earthquake' waR felt in Kona October 9 at 2: 20 p.m.
It recorded plainly on the Kealakekua seis!mograph a few
miles away from the epicentelr. It recorded as. a tremor,
not indicating distance, on the Observatory seismograph.

An earthquake was felt at Wa.ikii at 6 a. m. October
27. It was about 60 statute miles from the Observatory
but was not recorded. Thel relcords of all stations w:ere
searched but not a tremor could bel found Within an hour
of that time. As the new instrument at the Waikii station
V\:-as not in good adjustlnent it did not record the shock.

Parts of distant earthquakes were record'ed on October
16 and 30. Only the long waves of thers.e telesetsms rel­
corded slightly. The microHeilsms were, light on October
7, 8~ 9, 28, 29, and 30; and strong on October 19. During
the other days of the Illonth the ground vibra,tions were:
of moderate intensity.

Including weekly press reports Nos. 10'81 to 1084, Octobe.r 2

to 30 midnight

Section of Volcanology, U. S. Geological Survey

E. G. vV"ingate temporarily in charge.
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Including weekly pre,ss reports 1085 to 1088, October 30 to
November 27 midnight.

Section of Volcanology, U. S. Geological Survey
E. G. Wingate temporarily in charge.

Tilting of the ground

The "Table of Tilt" shows the net tilt by weeks, as
computed from seismograms at the Observatory and from
elinoscope readings at Halema.umau Southeast. The table
re,presents the tipping of the, ground, in s,econds of are,
ill the direction giV'en. The total a~cumulated tilt at the
Observatory since November 27, 1931 is 3."8 South and
7.";{ East.

Results of One Year's Crack Measurements

In the Monthly Bulletin of the Haw. Volc. Obs., Vol.
XV, No.7, on page 54 is the following statement by Mr.
R. M.Wilson, then engineer at the Observatory, "Tbinking
that the steadinelss in the widening of the craeks may
prove interesting, 15 points for routine measurements
were marked and measured along the east rim." These
eoncentric craeks were measured in 1927-28 with some
degree of regularity by Mr. Wilson. In 1929-30 the mea­
surements were at irregular intervals.

Topographic Engineer E. G. Wingate on coming to
the Observatory in 1931 e,xtended the number of points
observed and made some changes in the method of mea­
surement to increase their accuracy. The work is done
with special calipe,rs inside, of gaJ}ing rock fissures mark­
ed with paint. Routine observations were begun at weekly
intervals for all points and any showing excessive mov€­
ment are measured once a day or oftener. The points a,re
also me,asured after any felt quakes of mode,rate intensity.

In the table are given the results of obs'61rvations tor
one year. The last column shows the total accumulated
movement through the, year for each numbered point ob­
served. And, though it will be noted that all e,xcept three
points have shown an increase in width, the condensed
table cannot sbow how this took place. wether by a slow
gradual opening of the crack or in sudden jerks accompany­
in" earthquakes. Aetually both of these movements occurI',
and in ce'rtain areas where avalanching from the waIls and
rim has later ta,ken place, the movement has been ac­
celerated up to the time of collaJ}se.

A review of aU the observations taken during the, ye.ar
shows two dates when a moderate quake aceompanied a
sudden opening of eracks. These were Dec. 7, 1931, when
the opening was gene'ral but slight, and on Dec. 23, be­
tween 9: 00 a,. m. and 11: 00 a.. m., the shock preced­
ing the last eruption accompanied moderate opening at
most of the points, though some were unaffe.cted and
t11r6l61 indicated a slight closing of the crack.

Crack point No. 30 illustrates the several kinds of
opening de,scribed. This crack is on the east side of the
pit eighty feet back from the rim. The points were set
Nov. 23, 1931 and the original width was 20.05 em. This
width remained unchanged until the avalanche of Dec. 7,
1931 caused increase of 0.15 cm. A slow gradual widening
then commenced. amounting to 0.15 cm. at 9: OQ a. m.
Dec. 2:::, 1931. When the points were again measured at
11 : 00 a. m. following the quake at 10: 40, the crack had
widened 1. 9 5 cm. During the eruption De,cember 23 to
January 5. and for five we",ks there,aHer an opening of 1 mm
per we,ek took place. This be'came 2mm Feb. 1, 1932 and
from that time on until the spasm of quake,s and avalanch­
ing on Mar. 4. 5, and 6, it e,xhibited the same aeceJeration
of movement as was noted, mor'e sltrongly, at several other
p('ints: att'lil')in~ a maximum widening of 1.30 cm. per
week and 0.40 cm. per day. From Mar. 7 to the last date

Volcanology

The pit of Halelllliaumau in Kilauea Crater remains
quiet. Fume has been less noticeable than during October.
Fume was present during the first three weeks but was
not reported during the last week. Rock trickling has died
down and the,re were only a few slides. Slides occurred
on November 1, 4, 6, 12, 16 and 21. Puffs of fume were
plainly seen November 4, 5, 6. A swarm of 11 tremors
was recorded in less than half an hour, about 5 p'. m. Nov­
ember 4. No distances could be estimated for these
tremors, and as they coincided with fume and sliding at
the pit, they were assumed to have occurred deep under
Kilauea, rather than under Mauna Loa.

Concentric cracks around the pit have been measured
every Saturday. Tbese measurements show that the, crack
100 feet north of the tourist stand continue,s to open. The
number of cracks that widened each week were six, eight,
four, and ten. The weekly average number of cracks that
",'id'ened during tbe past month is slightly larger than the
average for October. This increase has been going on e'ver
since July when there was an average of two that widened.

Ea rthquakes

Tbe following is a tabulation of the frequency of
earthquakes recorded by the seismographs of the Ha,waiian
Volcano Observatory at Kilauea. The weekly seismicity
(sets.) is the summation of weighted numbers given each
type of shock, as % for a minute of tremor, Y;; for a very
feeble shoek, one for a feeble shoek, two for a slight shock,
and three for a moderate earthquake. These- units follow
roughly the numbe,rs of the Rossi-Forelsca,le. The table
gives numbe,r of occurrences of each type of shoek;-

Date tr. v. f. f. seis..
Oct. 31 to Nov. 6. 53 2 0 14.25
Nov. 7 to Nov. 13. 30 5 1 11.00
Nov. 14 to Nov. 20. 31 1 1 9.25
Nov. 21 to Nov. 27. 27 5 1 11.25
Hawaiian Standard Time (H. S. T.) is 10h. 30m. slowe,r
tban Greenwich.

Three feeble earthquakes were recorded at the Obser­
servatory during the past month. The first was felt about
two miles east of the Observatory, at 8: 35 p. m. Nov
en:ber 11. estimated distance from Observatory 30 statute
miles. The second was at 2: 43 a. m. November 14 dis­
ta;lce 20 miles. not reported felt. The third was f~lt a,t
Hilo .and at Hawaii National Park, 4: 36 p. m. November
26, distance twelve miles.

Three very-fe'eble shocks were felt near the volcano
The first wa.s felt at Uwekahuna, at 11: 35 a. m. Novell1be~
9. The other two were felt at a location about two miles
east of the Observatory at 2: 28 and 2: 32 a. m. H. S. T.
The first was about 2, and the two later one,s about
I? and 16 statute miles distant. Only one of the above
SIX earthCluakes was reported felt. from more tha.n one
place, or by more tban one person. They were number
I Rossi-Forel scale.

The preliminary of a teleseism was recorded at 6: 26: 43
p. m. H. S. T. November 12 Di,spatches place the e'pi­
center in the Sea of Japan.

A.E.J.

Date
Oct. 31 - Nov.
Nov. 7 - Nov.
Nov. 14 - Nov.
Nov. 21 - Nov.

TABLE OF TILT
Observatory Halemaumau

6 0."4 SW 13."8 S
13 0."9 ESE................ 8."2 WNW
20 0."8 SE 12."8 SSW
27 2."9 NE 31."3 NNE

E.G.W.
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of rneasurelnent Nov. 26, 1932 a steady increase of 0.05 em.
every two weeks has been recorded.

Lack of space prohibits a more cOlnplete analysis of
these observations heire. In the appended table the mea­
sur-elnents of Dec. 23, 1931 were Inade three hours before
the last eruption commenced, and Mar. 7, 1932 is selected
for cOlllparison, as for the preceding seve,ral days avalanch­
ing had been general, doming up of the cra.ter rim had, been
observed, and a swarm of earthquakes occurred on j\,lareh
5. Widths are given in centimelters.

E.G-.W.

Table of Cr'ack Measure1ments, Rim of Halemaumau

Widths in Centimeters.

Point Nov. Dec. Mar. Nov. Total
No. 23, 1931 23, 1931 7, 1932 26, 1932 widening
16 52.95 52.65 53.15 53.75 0.80
17 64.40 64.25 64.75 65.50 1.10
18 62.65 62.65 63.45 63.95 1.30
20 68.35 70.85 71.00 71.05 2.70

5 28.80 28.70 29.00 29.65 0.85
22 20.35 20.80 21.15 21.45 1.10
10 45.00 45.15 45.70 46.10 1.10

Point Nov, Dec. lYlar. Nov. Total
No. 23. 1931 23, 1931 7, 1932 26, 1932 widening

9 91.15 91.75 92.85 94.90 3.75
11 74.75 74.65 74.65 74.65 -0.10
24 22.10 23.00 23.25 23.30 1.20
25 37.75 49.35 49.50 F'ell in March 6
25 New 20.05 20.70 0.65
28 17.30 17.80 18.95 18.75* 1.45
30 20.05 21.70 24.20 25.20 5.15
29 46.75 48.65 49.25 49.50 2.75
27 46.90 47.40 47.60 48.00 2.10
26 60.55 61.05 61.75 62.55 2.00
33 46.65 49.30 49.15* 2.50

1931
32 Dec. 9. 16.45 16.80 16.80 16.80 0.35
34 83.70 85.10 86.10 2.40

1931
31 Dec. 9. 20.85 22.60 32.65 Felll in March 6.
31 New 12.80 12.80 0.00
35 Aug. 23, 1932 86.55 86.65 0.10
36 Sept. 3, 1932 27.30 27.00 0.00
37 Nov. 11, 1932 23.90 24.00 0.10

* Indicates that point was disturbed.

E.G.W.
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Including weekly press re,ports 1089 to 1093, Novem,ber 27
to January 1 nlidnight.

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar, Volcanologist in Charge

Volcanology

The pit Halelnaumau within Kilauea cratelr has shown
no lava activity. It is floored with la.va of January, 1932
at an average depth below T'ourist Lookout southeast
of 870 feet. {Bee Inap on back). There is a sulphurous
patch at the weist edge of the floor, where most of the
blue fume arise,s. Exce,ssive rain December 1-2 (3.25 in­
che,s) penetrated the hot lava, caused hundredls of vapor
jets, and dull thuds w'e're, heard, becoming infrequent in
the course of two days, and more like distant gun shots.
SHding of debris was continuous for a day. Much of
the sliding left scars at the east wall!. By December 10
Lhe sliding was inconspicuous, and the bottom, was clear,
but steam through the, south talus keeps the rocks wet.
A Inound nea,r the center of the foor is cra,cked and sul­
phur-stained. There were sliders north December 14, north­
east De,cember 17, and a W8<stern slide Dercember 19 cov­
ered part of the' sulphur patch. Ther'81 we,re other ~imall

slides toward the end of the month.

For the summit crater of Mauna Loa the Na,tional Park
Service reports no changes obS'e:rvetd about Deoembelr 12.

lVIeasurements of rim cracks' about Hale.maumau edg'e
showed 10 out of 23 crack points widened for thel week
ending DelcE?rrnber 3, thirteen Decelnber 10,four Deceln­
b13I' 17, e'ight December 24, and six December 31. Cra,ck
point No.9, which had widened 3.75 centimeters during
the year ending Nov8lmberr 26, 1932, was conspicuous as
·widening one or two millimeters per week, but this motion
ceased Decemberr 24-31 for the first time in S'eve,ral months
(see table, Volcano Letter No. 393).

Two new crack-measuring points were malrked by En­
gineer Edward G. Wingate Dec8'mber 16, making the total
25 points (see map). The number of the crack is· marked
on the lava with white, paint, and is recorded on the ma.p.
The, nleasuring points are upright copper pins, one on
either side of the r crack, with a slight cut acros1s the head.
A steel tape is used to read direetly the distance betwe.en
the cuts to the nearest half' millimet8'r. Closing together
of crack walls is rare, opening out is the usual movement,
but highly varia,ble. Owing to fragments in the cracks"
it is natural tha,t they should fan to close: (see wedge
theory of crater fills, BulL Hawn. Volc. Obsy. VolumH XII,
No. 12, D'eceimber 1924, pa.ge 120). Thel op'ening of a
crack is dUH Hither to tension in the floor, or to migration
of the inner slab toward the pit. If it is tension in the
floor. it should corr'8lspond to upward arching' of the floor
of Kilauea crater, that is, upward pres1sure under Hale­
nlaumau nit. The cracks in question are mostly back from
and parallel to the linB of the pit edge. In SOHle casels
several measurin<!; noints a,re malrked at different places
along the same fissure.

Earthquakes

The following table shows the fre'quency of local
earthquakes recorded by the seis,mographs of the- Hawa.iian
-VoIr-ano Observa.tory at Kilauea Volcano. The weekly seis­
micity (seis .. see, Voleano Lettelr 371) is the summation
of wei~hted numbers given each type of' shock, as 14 for
a n1inute of volcani(~ tremor, lh for a verry feeble shock
(v. f.), 1 for' feeble (f), 2 for slight (sl.). and 3 for mod­
erate (mod.). One, two, and three follow roughly the
nU111bers of the Rossi-Forel Scale. The table shows the
weekly number of occurrencels of tremors (not by minutes)

and of each type of shock. Te!leserisms or large distant
eaTthquakes are indica.ted by (telL).

Dates 1932 to 1933 tr. v. f. f. tet seis.
l'Tov. 28 to Dec. 4 35 1 1 1 10.25
Dec. 5 to Dec. 11 25 3 0 1 7.75
Dec. 12 to Delc. 18 33 3 0 0 9.75
Dec. 19 to D'elc. 25 21 2 0 2 10.25
Dec. 26 to Jan. 1, 19 2 1 0 6.75

The aV'6Jrage of weekly se1ismicity is about 80, so that
thesel numbelrs stand for weak volcanic tremor and earth­
quake activity. In what follows the times given are Ha­
\vaHan Standa,rd (1-1. S. T.), 10h 30m slower than Green­
-wich. Estima,te distances a,r'81 frOITl iphases on the seismo­
gram, using tra.vel-timel curvels modified by local experi­
ence.

A feeble local shock at 1: 34 p'. m. De,cembe,r 3, wa.s
reported felt in Puna. The approximate epicentelr wals
placed at sea from 30 to 40 statute milels NE of rHilo.

A feeble shock was felt in I-Iil0, Glenw1ood, and at
Kilauea crate:r at 1: 21: 05 p. m. D'ec8lmber 27. It was about
four miles SW of' the obs:e1rvatory. A field trip was made
into the a,re,a of thel supposed e1p,icenter, no fresh crracks
¥:ere found, although there WHre many cracks opened by
former eruptions and ea,rth movements.

A ve1ry feeble shock wa,s fe-It in Hawi, Kohala, Decem­
ber 1 a.t 8: 21 P" m. A simall record wals found only on the
vVaikii record for that tilne.

A very feeble shock was reported felt in Pahoehoe
and Pahala 7: 04 a. m. D'ece1mber 26. Its epicenter was
apparently under the SW rift of Mauna Loa.

A very feeble earthquake was felt at Kilauea and Pa­
hoehoe: 8: 55 p. m. December 27. Its epicentelr was probably
in the deS'ert 11 mile,s to the SW of thel Observatory.

No other shocks w'81re reported. The tre-mors were
generally less than a minute in duration. December 19
therel was a. 15 minute period of tremor ending in a very
feeble shock about 3 lniles distant. December 22 there
,vas one 3 minute pre,riod of tre,mor.

A record of a terle,seism was recorded beginning 8: 53 : 44
p. m. D'8Icember 3. Thel P and S phases vvere re(orded,
the latter being doubtful. An epicenter. was given in dis­
patches for an earthquake in the North Atlantic on this
date'. The P and L waves of the Nevada earthquake
we,re re{~orded here, beginning at 7: 47: 18 p,. m. Decembe,r
20. A telleseism at 3: 47: 40 p. m. recorded four phases
fairly well. The long wavesl of a telerseiSlU were: record­
ed at 6:15 a. lli. Decembe[[" 7.

The seis,micity for De,cember has been slightly lower
than the Novelmber se,is,micity, however they are both
very clos,e to an averagel of ten, which has been thel aver­
age since March 1932.

A.E.J".
Tilting of the ground

The "Table of Tilt" shows the net tilt by weeks, as
cOluputed from seismograms at the Observatory and from
clinoscope readings at Halemaumau Southeast. The table
re<presents the tipping of the ground, in seconds of ar1c,
in the direction given. The total accumulated tilt at the
Obselrvatory since Janua,ry 1, 1932 is 7.5" South and 3.4"
East.

TABLE OF TILT

Date Observatory Halemaumau
Nov. 28 - Dec. 4 ------__________ 1.5" WSW . 20.3"SEE
Dec. 5 - Dec. 11 --------________ 0.4" SW 9.7" SS''''
Dec. 12 - De,c. 18 .------_________ 0.9" ESE 5.2" WNW
Dec. 19 - Dec. 25 - 0.8" NE 16.6" NNE
Dec 26 - Jan. 1, 1933 2.2" SW 5.3" SE

E.G.W.
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Postal card earthquake records

In March. 1932, special postal cards of the U. S. Geo­
logical. Survey were p,la,ced at twenty-five stations on the
island Hawaii, to be seIii to Kilauea Obse,rvato,ry report­
ing felt shocks At the present time sixty-one caTd re:cords

.of the new s·eries are on file. These, are of value in
showing what shocks we,re general, and what ones were
localized. A r8lport of the results o,f these records will
be published by A. E. Jones, seismologist. We shall be
gla'd to supply other report8lrs who are interested. The
following have earned the gratitude of the Observatory by
sending in postals:-

L. P. Lincolu, Hookena
R. Lyman, Pahoa

J. B. Fordyce, Hawaii National
Park

Kohala Sugar Co. Hawi L. Loon Pahala
C. S. Ishii, Kamuela Hakalau Plantation CO.
R. Buzzard, Waikii Hakalau
R. V. Woods, Kealakekua J. Johnston, Ookala
J. B. Albert, Hila Kukuihaele Manager, Kukui-
R. B. Hodges, Hawaii haele

. National Park E. Brumaghim, Hawaii National
R. E. Baldwin, Hila Park
R. L. Hino, Kukuihaele Archdeacon Walker, Kohala
Honokaa Sugar. Co" Haina R. R. Craik, Hila
Hutchinson Sugar Plant- W. Akau, Kawaihae

ation Co. Naalehu J. NI. Ross, Hakalau
J. B. OliveT, Honomu

DEPARTMENT OF THE INTERIOR
GEOLOG ICAL SURVEY
HAWAIIAN VOLCANO OBSERVATORY
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