
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 

April 2023 

https://pubs.usgs.gov/gip/135/
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One of Dr, Stone's pho ographs made during hla a cent of Calbueo January
19. 1930. a year af er he el"uptl:lll de el"lbed by Dr, Reichert on January 6.
1929. This 15 look ng down Into the n w cl"at I" of h Yole no, from the
north aide of the summit, show ng thick white fume Issuing from he

bo tom,

1929 ERUPTION OF CALBUCO. CHILE

r. F d 1'1 0 R I h rt
Trll1l81ut (J by J. y F mento, o. 7.
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Overturned trees in the alley 0' Rio Callen e hal' bur od In sh and swept
by he bl at lha had rushed out rom he eruptIon 0' Calbueo Just such
effects were found on the west side of Sakurajlm In '91. Pho a Stone.

vktnlt:.

1 " m



Page Tht'ee

KILAUEA REPORT o. 988

WEEK h OI'C DE E~IBEn :! • 1 30

ell n III \ knllnl ~'. I I al 111'vey
T ••\. J r r. \'oh'unolo Is In baT1!:e

The erupt on of Calbuco J nuar'! 6, 1929 loa ng ea from Puerto V ras on he morning of the
d y de cr bed by 01'. Reichert. Puerto Varas I. on the railway at the south end of Lake Llan­
qulhu , and the pall of ash Is here shown at he north In th direction of Lake Todo. los Santos.

Photo Karl.
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The linea indicate approximate distances and m
many cues not direct steamship routes. the beavier
lines showing, however, the commoner sources of

ocean traffic to Honolulu.

This map of the Pacific Ocean shows one radius leading to Petropa ulovsk 2,780 nautical miles from Honolulu, and another to Valparaiso
wh ich Is 600 miles north of Calbuco Volcano. Niuafoou, described In Volcano Letter No. 312, is midway between Suva and Pago Pago.
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The eruption In H lem umau November 19. 1930. at about 5 p. m. The 1m lIer fountains directly In front of the
large t Ius In the center background. and the main fount In to the left. ar pouring out lava which is rapidly

spreading over the old floor formed In July. 1929. Photo Maeh ra.

LAVA I HALEMAUMAU SINCE MAY. 1924
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Map or Halemaumilu revised to show the shape and elevation of the 1930 lava floor.
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Page Three

A the nd of th l'uption h n w lava fill had an averag
diameter of 1,600 fe and overed 4 .5 a I' s. Art I' solidi­
fication of the new fill, th surface averaged 45 feet above
th av rage surfa e of 1027 lava.

Arter a mu h s11ortel' p 1'1 d 0" repo . fountaining
lava again appeared in tl1 boUom of LJ1e pit ahout 6 a. m.
July 25, 1929, the SOUl'C fOlJn alns 1>1' aking 'brough the
southwest edg of he old floor uear th bi talus v ry

10 e to til c nt I' of the 1927 fountaining ar a. Lava
flow d from U1e sour e fountains until 7: 42 p. m. July 2 .
During U1 first 24 houl' th lava rose 44 f above the
lev I f the old floor. A th nd of 4 hours, he depth
had in reas d to 77 feel, and on L.b morning of til fOUl' 11
day. July 2 , h p'it had b n filled 'f t. Th ma 'imum

I vation of th surface of n ViI lava was reach d at th
nd of 5 hours activity, 4 f t above tb old floor and

2.640 feet above sea 1 veL Vithdrawal of som molten

M f'

lava, and sbl'inkag dll to crystallization. caus d orne col­
laps of lh surfa e of he new lava aft r the l'uption
SlOPP d. The fiual cooled fill of new J va had a surfa
ar a of 55 acre and an averag depth of 55 f et. Th av r­
ag I vation of its urEa e wa 2,600 f e abov s J vel.

Th receLlt activity, November 19 to De ember 7. 1930.
ha been the longe t 0'[ tilis ries of intermittent erup­
tion • and it has also brough a mo h great r amount of
la\'a into th bottom of he pit. Th new floor formed
dW'lug this n. tivi y ov r 2 a I' s and has an average
d pth of about 7 E t. It was estimat d tha' som what
a'" l' 5. ,00 tons or aboll 229, 00, 00 ubi '[ et of Dew
lava is contained in this fill. Tbe surface of the new fill
vari 5 from 2,650 to 2,690 feet above sea 1 v I.

In th six y aI's !'rom 1924 to 1 3 he dim nslons of
the flat bottom of th pH have been increased from 1,000
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Map 01 Halemaumau as drawn In 1928, showing the elevation s and shape of the floor of lava formed by the 1927 eruption.
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Lava tree with wooden tr nk stili It ndlng In It. formed by
flow enwrapping the base of tree from left to right and then
lowering. 1923 flow from Kilauea. Chain of Craterl Road.

Photo Bolea.

LAV TREE CASTS A D TREE MOLDS
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Tre eart ma In; a well three feet acrou. Itl! bar pattern molded on he walla. Roo a of • modern tree shown
above. Here the lav surrounded iI tree th burned out. Golf links at K laue. Volcano. Photo Kanemorl.
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L va plastered cone where the 1823 Kell wa ow rom Kilauea plied up on
he hillsIde and hen lower d. Photo Emerson.
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Lava dome of Tarumai Volcano in Hokkaido, the north island of Japan, two hours after the erup­
tion of October 30, 1926. The dome was formed in 1909, but was rent asunder by a new gas

eruption in 1926. Photo K. Shibahara.

THE LAVA DOME ERUPTION OF TARUMAI

In Volcano Letter No. 276 an airplane photograph of
1926 was shown exhibiting a new gas outbreak through the
crater dome of Tarumai Volcano in Hokkaido, the north
island of Japan. Tarumai is 3,300 feet high amid the
forests and lakes of the "Canadian" wilderness of Japan.
The map on Page Three shows the four islands of Japan and
the black lines represent the arcuate rifts in the crust of the
earth along which are grouped the belts of active vol­
canoes. The southwestern curved line follows the arc of
the Riu Kiu islands, which passes through Sakurajima Vol­
cano in the southernmost bay of Kiushu (Volcano Letter No.
308). This ends with subordinate offshoots in the west end
of Japan proper, and then comes the arc of that island,
with eastern and western belts of volcanoes at the north.
These belts converge at Yakedake Volcano (Y in cut), and
there meet the great arc extending to the south which
passes through Asama Volcano in central Japan. (Volcano
Letter No. 297) Fujiyama, (F in cut), Oshima in Sagami Bay
southwest of Tokyo (T in cut, see Volcano Letter No. 299),
and the Ogasawara volcano islands and the Bonin group

far to the south in the direction o( Guam. Another bend
starts a new arc in western Hokkaido and this extends out­
side of the map to the northeast along the line of the
Kurile island volcanoes which lead In turn to a new arc
in Kamchatka. Tarumai is at the southwestern end of the
black line marking the Kurile arc, and not far east from
Usu Volcano, described in Volcano Letters 298 and 302.
(See Simotomai, Zeitchr. fur Erdkunde zu Berlin, No.9.
1912).

The eruption which lifted the crater floor of Tarumai
and converted it into a lava dome occurred in the spring­
of 1909, and the writer was privileged to make the ascent
of the mountain and study the dome while it was still hot
and steaming on May 9 of that year. He carried with him
a Bristol pyrometer for measuring high temperatures in
the cracks of the lava dome. He was accompanied by Pro­
fessors Oinoue, Sato, and H. Tanakadate, who furnished
valuable photographs and information. He stayed at the·
sawmill and match factory in the forest at the base of the
mountain, operated by Mr. Haruta, who had watched the
activity from its beginning.
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We aniyed by rail May 8th at Nishitap near the sou h
shore of Hokkaido, and walked two miles across open flats
to the mill which is on a brawling trout stream. The val­
ley is enclosed by a marked marine terrace at least 200
feet above sea level. In the afternoon the clouds rose and
showed the east rampart of Tarumai to be saddle-shaped,
with pure white steam clouds rising behind it. The mill is
7 miles fl'om the crater, and its function is to make thin
strips of pine for match boxes,

At 6: 30 a. m. we started on foot through the woods for
the mountain, and after leaving the forest crossed several
step-like ridg<ls at the base of the outer cone. these being
followed by a 35° slope of pumice and cinder which made
laborious climbing, Arrived at the high rim of the outer
crater we were surrounded by clouds, but saw a great fal­
len block of andesite in the inner crater. In the afternoon
the summit cleared and the huge lava dome was revealed
1500 by 1800 feet in diameters and GOO feet high above its
visible base. There was an inner crater pit 2200 by 1300
feet in diameters, and the dome of the new lava was west
of the center of this inner crater with its talus overlapping
the cratel' edge on the southwest. The whole surface of
the dome was pinnacled with many small pillars rising all
over it. These dimensions were from a survey by Oinoue
of April 23 and there had been some changes during the
fortnight succeeding. The picture on Page One shows
the general aspect of the dome, but with much more talus
than was present at first. The writer had studied the
dome of Bogoslof in 1907, and was impressed by the great­
er height and steepness of the Tarumai dome, and the pro­
truding crags of hot lava,

At the north where the lava dome was rounded and did
not overlap the rim of the inner crater, no falling of rocks
was obs rved, but at the south the dome was very steep
and overlapped the rim, there were great fallen blocks at
its base, and Dr. Oinoue reported he had seen a block 30
feet in diameter come down. Several rocks were heard
falling. At a sulphur patch amid the crackeu andesite of
the dome, a maximum temperature of 457' C. was meas­
ured, while th steam temperature gave 430 0 when the
terminal did not touch the rock

The history of the eruption was as follows: On the
night o[ January 11, 1909. a column of fire rose over the
crater, in the night of January 22 ash fell on the snow at
the mill, in the morning of February 6 there was au ash
fall and smoke was visible over the mountain, and t 3
p, m. February 10 sounds were heard twice, much steam
arose. and ash fell. At 1 p. m. February 1 mnch steam
wa visible, and on March 3 rumbling noises were heard
three times by the miller Haruta. In the morning of March
30th detonations began at 7: 1 a, m., rumbling continued
for an hour, stone fell the ize of peas, and the smoke
from the crater rose in a very slender whitish column
which later became darker. ACter an hour the activity
diminished, and in the afternoon the eruption ceased.

April 12 at 11: 40 p, m, came loud rumbling and ligh ­
nings, at a place two and a half miles from the crater
stones fell 5 to 7 inches in diameter, and an earthquake
occurred lasting two minutes. April 15 and 17 the column
of brown smoke was seen at Sapporo in central Hokkaido.
Close at hand strong rumblings, smoke, and glow were per­
ceived, and April 18 with southerly wind the ash fell to
leeward 25 to 30 miles away. The cauliftow.er clouds rising
above the mountain assumed wonderful spiral form. There

was no life lost in the ruption. The glow increased and
the explosive activity dwindled to steam jets April 22.

April 23 Olnoue climbed the mountain, found the steam­
ing dome, and made photographs and sketches. The dome
had first been notic d by a fisherman on Lake Shikots on
April 20 and had developed at some time after the explo­
sions of April 12 and 17. On April 4 the inner crater pit
had b en 200 feet deep, floored with gravel, the floor slop­
ing gently toward the north, and teaming chiefly around
the west and >;outhwest borders. The pit had shown lava
sheets in its wall. Thel'e was a small depression in the
northern part of the bottom. Th lava dome had come up
through this bottom. Mr. Oinoue observed glow in the
crevices of the dome. Several cracks were found in the
rim of the inner crater near the edge of the dome. Rocks
were constantly falling off the western side from the many
pinnacles of this rude aa of andesite lava, of which the
dome was formed. "'hen a huge block fell away from the
upper part of the dom a glowing spot was left where it
broke off.

On May 1 a sketch [rom the western mountain showed
increased talus all around th dome. except on the north­
east side where the jagged rock ledge extended all the way
to the base. The profile had become flatter on top, but still
showed pinnacles, and an inner comb or fin rose slightly
above the flat top. There were many immense fallen
blocks, but the slides of rock matter were small and few,

When I saw the dom on May 9 the sulphur-coated
blocks of rock near the level of the edge of the crater on
the south side of the dome averaged 2 to 3 feet in diamet l'

and the odor was of sulphur dioxid. Quiet steam was ris­
ing. There was an area of sulphur stains 30 feet across.
The wind was from the south, and a faint crackling was
audible in the hot rocks.

The following notes on temperature of crevices in the
dome, made with the thermo-couple, indicate the heat at
this time:

(1) The base-metal couple was inserted without touch­
ing the 1'0 k one foot into a cavity nine inches in diameter
full of rising steam. The terminal was at least three
inches from the rock in four directions. Temperature
430' C.

(2) A narrow steaming fissure was measured, the
terminals touching the rock, and inserted 24 inch s from
the outer surface. Temperature 450 C.

(3) A big wedge-shaped cavity was measured, under
a large bowlder, with a very large opening on the outside.
Tempel'ature 390 0 C.

(4) A small cavity, lower down the slope under '0. 2
above, received the terminals 12 inclles inside laid against
the rock. Temperature 457' C.

(5) A small cavity 6 inches across the mouth, admit­
ted the terminal for a di tance 0 4 feet. Temperature
398 C.

(6) A small area of secondary solfataric action,
stained rocks across an area 7 feet in diameter. a 2-inch
fissure among the fragments, the terminal inserted one
foot. Temperature 200' C.

This volcano is famous for the large amount of pumice
which it has ejected. It has an outer ring wall like Somma
at Vesuvius. There was a faintly defined inner cone sur­
rounding the inner pit. In July of 1739 the mountain
rumbled and emitted fire, volcanic ash fell heavily during
two or three days and nights, all this being preceded by a
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shock of earthquake. In 1804-17 there was a great eruption
of fire, sand. and ash, many lives were lost and some
people were wounded, and the emission of smoke continued
for 40 years. (This record is somewhat doubted.) Decem­
ber 25, 1871, Tarumai vomited sand and ash for three days
and two nights; this destroyed a small cone on top, left
a cavity 100 meters deep with a small pond in the bottom,
and changed the summit in other respects. February 8,
1874, there was another eruption lasting three days with a
revival February 16. Ash fell in Sapporo November 5,
1883, from another eruption, and there were two other
outbreaks during that decade. There was unusual black
smoke August 17, 1894, and thereafter there was always
steam at the crater until the big eruption of 1909. T.A.J.

KILAUEA REPORT No. 991

WEEK ENDING JANUARY 18. 1931

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

Few notable changes have occurred at Halemaumau
during the week. Fume remains absent at the 1930 vents.

There are many scattered sulphur areas with whitish coat­
ings, but the main area southeast is bright yellow. On the
14th steam was strong on the south talus.

Thick dust clouds over the region southwest of the
fire pit, caused by extremely high trade gales, gave rise
to rumor of an eruption January 12.

The seismographs registered 29 local tremors and
earthquakes and 2 teleseisms during the seven-day period
ending at midnight January 18. Two of the first group had
indicated distance to origin 18 miles, and another (3: 03 a.
m. January 12) was reported felt in Hilo. A local earth­
quake at 8: 44 p. m. the 16th originated 30 miles from the
Observatory, apparently under the center of the island.
It was felt generally, and was more perceptible in
Hilo and Hamakua districts than elsewhere. The first of
the two teleseisms registered 3: 31 P. m. to 4: 04 p. m. the
14th; its indicated distance was about 6.000 km. ESE
(Oaxaca, Mexico). The second recorded feebly 4:40 p. m.
the 16th. duration 21 minutes.

The direction of tilt again changed, accumulating slight
NNE. Microseisms were moderate at the beginning of the
week, decreasing to slight.

1:..0

. 30--1-+--------4-----

Map Riu Kiu, Japan, Bonin, and Kurile arcs and their volcanic rifts.
T=Tokyo, F=Fujiyama, Y=Yakedake. After Omori.
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Hohcnhn/en von 10m. ~vJ()m

Map and profile of Tarumai lava dome of 1909, after Simotomai (H. Tanakadate).

The diameter of the outer crater is more than a mile. The figures are meters above

the contour line 872 m. Contour interval 10m. The new lava dome is shaded

THE VOLCANO LETTER
The Volcano Letter combines, after January 1, 1930. the earlier

weekly of that name, with the former monthly Bulletin of the
Hawaiian Volcano Observatory. It is published weekly, on
Thursdays, by the Hawaiian Volcano Research Ass,ociation, on
behalf of the section of Volcanology, U. S. GeologIcal Survey.
It promotes experimental recording of earth processes.

Readers are requested to send articles, photographs, publi<;,a­
tlons and clippings about volcano and earthquake events, In­
struments and investigations, especialiy around the Pacific.

Subscription 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 Survey.

It maintains seismographs at three places near Kilauea Vol­
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 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 Lorrin A. Thurston, Presi­
dent; Frank C. Atherton and Walter F. Dillingham, Vice-PresI­
dents; L. Tenney Peck, Treasurer; Wade Warren Thayer,
Arthur L. Dean, and Richard A. Cooke.

Persons desiring application blanks for membership should
address the Secretary, Hawaiian Volcano Research Association,
300 James Campbell Building, Honolulu, T. H.

The Volcano Letter is not copyrighted. Editors please credit.



The Volcano Letter
Two dollars per year

No. 318-Weekly Hawaiian Volcano Observatory, National Park, Hawaii

Ten cents per copy

January 29, 1931

"c '/
' °1;' J

'\ili? OFJ{/l:~ =-OOU ISLANIJ

BY TAJ;r;r;AR.. /930
On0 ;~'1l£J'(J mdc

I

POS/T/OIV OF ANCrAHA
Lat 1.5"35 12 South

Lon917YJ7 .fC'Wesf

Lake soundin<l 1(.,.,

llevaho" ,- 'ret'
Lalee 75 feci of-c. ~ ~" p."

Base mar 7C}/7rJt7 ';t',-rrn.rnpl1i

Verfict'/I scalr pr,~/, rs lZ

Rin9 r/d'j1e SMncled

A

III mn"

SEcnON [

..u ...,.,~

500

o
8'

c

Volcanologic map of Niuafoou Volcano, a ring island in the Pacific Ocean visited by the U. S. Naval Observatory

Eclipse Expedition in 1930. Shows profile structure sections, the positions of the villages, roads and trails, and

the lake soundings and land elevations in feet. Survey by T. A. Jaggar.
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Pahoehoe lava and spatter ridge, with some coconut tree molds of 1912, photographed in 1913 when the lava
was fresh. Compare 1929 eruption Volcano Letter No. 312. Photo from Captain Crawford.

'GEOLOGY AND GEOGRAPHY OF NIUAFOOU VOCANO

The accompanying map and profiles were made by the
writer on the basis of a recent outline map of the Tongan
government "l.nd s ve to show the perfect ring shape of
"the island Niuafoou. which as described in previous num­
bers of the Volcano Letter (265 and 312) is a prosperous
<copra island in the triangular space of the South Pacific
()cean between Samoa. Fiji, and Vavau. The big lake in
Niuafoou is a crater sink fed by rain water and made
'Somewhat brackish by hot volcanic gas springs. by evapora­
tion, and probably by more or less connection with' sea
water. The lake is 275 feet deep and stands only 75 feet
above sea level, so that 200 feet of its waters are below
the ocean level, and that in a porous basaltic dome greatly
cracked. As there is no clrainage, and salt water is heavier
than rain water, the bottom of the lake might be salt with­
out that fact showing on the surface.

It will be seen by the profiles that the structure of the
fis1and, here shown with the slopes and dips exaggerated to
-double their normal inclination, and the h ights to double
the true elevation with reference to the horizontal scale,
is that of a very flat lava dome. The island is entirely
basaltic and the submarine slope seaward is from 4° to 7°.
The cross sections of the inner cliffs around the lake show
very massive columnar sheets of basalt at the bottom of
deep sections 600 feet thicl" The upper ring ridge shows
mixed eruption with alternations of about 20 feet of ash
and agglomerate representing one phase, followed by 20
feet of thin-bedded lava flows representing another phase.
These upper beds have dips of from 13° to 18°, whereas the
lava layers seen in the sea cliffs of the border platform dip
radially away from the center at from 4° to 8°.

This implies that the lower dome of Niuafoou was built

up of heavy sheets of liquid basalt. and that the develop­
ment of explosive eruption was a later feature recorded
chiefly in the upper layers. The angle between outer plat­
form and ring ridge is accented by the modern flows of
lava which have come up concentric fractures as shown in
the profile. but this angle is also produced structurally by
the presence of the steeper mixed cone of the ring ridge
resting on an older dome pediment of lava. like the present
Vesuvian cone. This angle is probably a belt of weakness
concentric to the crater lake. as indicated by the western
1929 fractures shown on the map with lines of black half­
domes along the rift fissures from which the flows poured
to the sea.

In the ejecta of the two most modern eruptions of
Niuafoou, those of 1912 and 1929. both of which emerged
through what appear to be tension fractures of northerly
trend on the southwest side of the island, pieces of coral
were thrown up. This ejection was during a minor steam­
blast phase at one locality ("cinder cone" on map), all
the rest being pure lava flow. The coral fragments are
mixed with dike rocks and lava clinker. at cinder cones
containing unusually deep circular pits along the line of
lava source vents. and at the 1929 locality three-quarters of
a mile from the sea. Ash and sand accumulated to lee­
ward. This ejection of coral fragments recalls Vesuvius,
which flings up limestone, and the 1823 explosions along
the lava rift near the sea at Kilauea. The coral at
Niuafoou indicates that coral rock exists under the south­
west slope of the island, though there is no coral reef
around the island at the present day. Coral does not occur

in the explosive fragments of the 1886 hills, produced by

the big eruption of that year northeast of the lake. There

may have been a fringing reef at some inactive stage when
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the island was smaller. The elevations of the two vents
where the coral fragments were found are approximately
150 and 200 feet above sea level.

The cross section of the island shows an outer lava
slope all around. (black in the profiles) the ring ridge, the
inner cliff, three platforms of explosive mat rials making
islands and sandy hills at the lake level, and the lake bot­
tom. The latter is probably floored with down-sunken
blocks of the former cone, overlaid by explosive fragments
and sand. This material is shown in heaps in the sections.
The outer lava slope at the west and south is modern.
It will be seen that each of the three inner lake shore low­
lands, including the islands as attachecl to the northwest­
ern one, is backed by a notching outward of the ring of
cliffs. Each of these lowlands stands for an explosive erup­
tion, the northwestern one prehistoric, the southern one
probably 1814, and the northeastern one 1886. These steam
blasts probably represented subsidences of the lava column
at the end of a cycle of upward pressure and outflow.
Ground water entered the void, the retreat of the lava into
the depths being along the wall-crack of the more or less
circular plug under the lake, steam blast sbot up and
loosened fault blocks, and the sinking of these notched tbe
ring of cliffs outward. The biggest notch is that back of
the 1886 hills.

The modern lava flows of the last century started at
the south and extended the process of opening fissures
northward up the west side of the island. Tbe mechanism
of breakage of the cone appears to be by lava flows outside
the ring ridge and engulfment eruptions of steam inside of
it. There are no fresh lava flows on the lake side of the
ring ridge. There are only minor evidences, as cited above,
of steam-blast cinder cones on the ocean side of the ring
ridge. The cycle at Kilauea appears to involve shorter
pulsations of lava flow at 11-year intervals, and a longer
cycle of six or twelve of these (66 or 132 years). This
longer cycle may culminate in explosion, which means lava
subsidence. Something of the same sort exists at Niuafoou.

Summarizing the list of eruptions of iuafoou we find
known outbreaks in 1814 (steam blast), 1853 and 1867
(lava flows), 18 6-87 (steam blast), 1912 and 1929 (lava
flows). Apparently the 1814 eruption was a steam-blast
phenomenon, and it seems likely that its center was at Vai
Kona, on the south side of the lake, for there are still warm
gases there smelling of hydrogen sulphide, depositing alum,
and bubbling up through lagoon waters. Like the Kilauea
eruptions of 1790 and 1924, the years 1814 and 1886 may
mark the opposite ends of one supercycle, in which case
the next explosive ernption for Niuafoou might be expected
72 years after 1886, or about 1958.

It will be seen that the doubt about lava flows on
Niuafoou (Thomson, N. Z. Jour. Sci. Tech. 1926. p. 369) is
definitely dismissed. The modern lava flows of 1853 and
1867 were at the south (see map), 1912 farther north, and
1929 much farther north. Naturally the clustered settle­
ment at Angaha is anxious about the next eruption. which
is likely to extend the concentric fractures around the
northwest side of the island in the direction of the villages.
The explosive eruption of 1886 notched the rim of the big
crater outward where that rim was bighest, and therefore
heaviest (over 800 feet above sea level). It followed lava
flows of the 19th century on exactly the opposite side of
the island. If this mechanism maintains a balance of con-

centric breakage about a cone, it is logical for the explo­
sive eruption about 1958 to follow after flank outflows on
the opposite side of the volcano. The highest and heavie t
rim of the caldera next to be expected to sub ide in a
steam-blast eruption is southeast (870 feet high). The flank
outflows then to be expected between now and 1958 will
be at the northwest. As the maximum lava gushing of
1929 was west-north west, and the trend of a century ap­
pears to be extension of cracks northward. there appears
to be every reason to expect the next lava eruption to in­
vade the lands west of Angaha.

Sapper (Vulkankunde, p. 336) cites a doubtful date
1840 for a Niuafoou eruption. Supposing this to have been
a lava flow, there were six volcanic events in the 115 years
following 1 14, with intervals respectively:

After 1814 explosive eruption: 26, 13, 14, 19, years
After 1886 explosive eruption: 26, 17, ? ? years
It thus app aI's that an extra long interval may follow

an explosive eruption, and this is true of other volcanoes.
The average interval otherwise for Niuafoou by this table
is 16 years. This would place the next probable lava flow
following 1929 about the year 1945. If the eruption is
normal it will fracture open a fissure about a mile long,
and if it should start at the big steam vent back of Futu,
and spread a mile to the northeast, it would do no damage
to Esia, nor to Angaha, but it would be much too close for
safety. The next eruption after that is likely to be ejection
of steam and ash about 1958, possibly at the Ahea ridge,
with damage like that of 1886. The records are very im­
perfect and it should be understood that there is a range of
from three to five years on each side of the year mentioned
for the expectancy based on statistics.

These forecasts are not accurate, for our knowledge of
the 19th century is very imperfect. They are merely sug­
gestive experiments in volcanologic reasoning, based on
such imperfect data as those figures by which the 1924
explosive eruption of Kilauea was forecast on historical
data in 1918, with an error of four years (Bull. Hawn. Volc.
Obsy., Jan. 1918, p. 17). They may rightly be used by those
governing Niuafoou as stating facts based on past statis­
tics. T.A.J.

KILAUEA REPORT No. 992

WEEK ENDING JAN ARY 25, 1931

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

On January 19 no changes were observed at Hela­
maumau and steam rose from the south talus as usual.
The pit seismograph indicates that conditions are quiet.
A little dust rose from the north rim of the pit at 3: 45
p. m. January 22. This was seen to have been a slide at the
north talus and on January 24 a little fume rose at the

southeastern sulphur crack and the pit seismograph showed
a few volcanic tremors.

The Observatory seismographs for the week ending
midnight January 25 registered 30 tremors, one of which
lasted two minutes. Fourteen very feeble local earthquakes
occurred, three of them on January 25 indicating origin
about 30 miles from the station. Tilting of the ground was
sligllt to the WS\V, and microseismic motion was slight.
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The lines indicate approximate distances and in
many cases not dlTect steamship routes, the heavier
lines showing. however. the commoner sources of

ocean traffic to Honolulu.

Map of the Pacific Ocean. Niuafoou is between Pago Pago and Suva.
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Halemaumau looking north from the southeast rim December 15,
1916, showing the northeastern Inner shelf which had been left for

many years as a feature of the pit rim by the collapse of 1894.
The pit circle measured only 13(0 by 1400 feet at this time. The

Inner lava Is seen below, and in the background Is Uwekahuna bluff

of Kilauea Crater. Photo Jaggar.

adily In rasIng

TWENTY YEARS OF HAWAIIAN ERUPTIONS

The Hawaiian Volcano bservaLOry. whi h wa' firs
lluall' d in 19 9 and began r s al" h in lhe summ r of 191 ,
has obs rv d abou tw nty imp rtall cris s in til tIll' e
volcanoes Kilauea, Mauna Loa, Ilnd Hualalai In 111 cours
or tw nLy y ar. Tbis means an RV rag of on a Y aI',
and WiUl each n W III lh pubHc i apt 0 forg t 111
va I: jmportant and exciting ev ots that w nt before.
Th I' for very bl'l fly ViI r ouot her Lh qu n e.

Kilauea Activity of 1909·13

After til southw 81 rn 1allJIR Loa flow or 19 7, lava
ros and 11 in Hal maumau pit, then much small rhan
al presen t depths 200 to 300 feet below OJ rim. In
1910 and 1912 three re arkabJ risings 0 UIT d witb hun­
dreds of roaring liQ.uld lava fountains. Th 0 arne ub·
sid ne with much srook ,til Java 600 f et down. from
May 1913 to May 1914.

Mauna Loa Summit Eruption 1914

Slowly the m 11 ros with glowing tri kles. sputter,
and rum In Halemauroau. fn Novemb I' 191 tokuaw 0­

weo, the summit I'll. r of Mauna Loll., Budd Diy spllt
athwart its bottom and gave vent for two monUl to bJgh
spurting untain j ts of rrothy lava which flowed ill til
rat r 111 and ·became dorroall

Kilauea s Rising 1914-16

lInl maumau now b gan a y Ie of

inflow r lav , whi b wa destin d 0 la COl' 10 y aI's.

Th I' was sinking just after the Mauna Loa v nt, th n
tb uphuilding of a lak bl lhe Kilauea pit, with overflo,
floor, era sand is laJ1C1s.

Southwest Flow Mauna Loa 1916

'Vith an astonishingly b aotiIui mllsbJ'oom of fum
lhat shot up from bOlll th 1, -foot I v I olllhwesL 011
Maulla Loa lay 9, 1916,' n \ lava flow b gan making
hort str amli or all. iuto th for st of Kahuku and Hono-

malin. This n v I' r a h d the road and as d about.
JUll 5.

Kilauea SubSidence and Recovery 1916-18

n th sam day h lava of Halemaumau, which had
just sho\ n a spur or ri lng. with the Mauna L a eruption,
sank 11 al'ly 40 fe t In 24 honrs with a roa rulfl i Il di'­
pI YOI' d-hot avalancll tumbling into lb void 673 eet
d p. Immediat ly lava b il d up in th b ttom, and with
-hi fly rising tend ncy built up lak ,plaLfol"ffi8 and rags
t th point of overflo, lng the rim 0 Halemnumau in
F bl'ual'Y 191 .

Overflows Into Kilauea Crater 1918-19

'I'll two years exhibited the lava in Halemaumau
wi Il hug I'uggy p aks of uplift d !Joor w n the lakes,
and wh 11 vel' th l' was ov I'flow. I' acti n or subsid n
[Howed. ver!Jowing WB.lI continuous for v 11 months
in 1919, f100din the Kilau a f1001' north.
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Halemaumau brim full of lava December 31, 1920. This photograph shows the whole pit
toward the south. Where the photographer was standing would now be about 600 f e

Alika Flow Mauna Loa 1919: peak of the Cycle 1913-1924

Kilauea flows spur ed wlten Mauna "Loa erupted again
Septemb r-November, 1919, b g1nnjng \ ith gushing near
Mauna Loa aumml southw s. Th Mauna Loa flows cam
out about the OOO-foot level abov Puu a Keokeo and
pOllred to the sea a AUka in south Kana.

Kilauea Grand Subsidence 1919

bout wh u Mauna Loa eased actl n, Hal maumau,
when fult to the top, on ovember 2 , 1919 suddenly "\ ith­
drew Its lava column Ilk a piston Into a y lind r 40 teet
In an hour. Th lava low 1" t1 farther for a f \ hours,
immedillt Iy T cover d, then rose 30 r t ada)'.

Kau Desert Outflow Kilauea 1919·20

Hal mauman lava 1'05 to th top again ember 15.
1919, Booded lIle sou b we rn Kilauea flOOI', bill' open th
mann laIn in the Kan d S I' 6 roil s away, and during b
next months buHt Ule slagbeap hill th r Mauna lkJ.
malting aa and pahoeho flows ftv mil slug, Lava In
Hal Lllaumau low red.

Kilauea's Great Overflows March 1921

From 320 r t b 1 w rim H I maumau x cu· (I a
tr meuelous ris again fOT its inner lava lak b tween
o toll l' 1 2 and March 192, '1'b l' was Incr aslng
ef! rv S' n ,giganti founrnlns sp til d up III myriads,
crags, fioors, lakes and w Ils ros II mas e, und he pit
ov I'flow d to h Kilau a floor in hr gr at Boodlngs
with 5 ov rflows at on tim on March 1 , 1921. small
flow went out throu",h he south rn Kllau wall a tb
des r .

Chain of Craters Outbreak from Kilauea 1922

l Hau a lava subsid d Ulre times. with lnterv ning

rls s, during 1921-22. tll last being th greates engulI,
m nt of the Halemaumau wall which had yet a UIT d In
this century. Thl' In May 13·27, 1922, nlarged th pi
from a diam ter of 140 fe to 2000 f t. '1'h n May 2 -29
came hort-I1v~d outflow In fakaopuhl and apau pHs in
Puna 9 mil s (rom Hal rnaumau.

Second Chain of Craters Outflow 1923

{{Hauea pit wa darman until lava burs from the talus
and be an to fill Hal maumau July 17 and September 2,
1922. Then cam pulsations of rising to a point 127 r e
b low rim July 4, 1 23, follow d by an ther big ub iden'e
in ugll l and an ul/low up a long crack 'In th forest near

baiu of rR ers trail w st of Makaopuhl. This is be now
shown to tOll'is wh l' h \'enl Is s ill 'h t and lava
spa l I' 'ling to til

Great Rise and Collapse of Kilauea 1923-24

'1'h se 0 ell lations of rising and slnklng at Halema11­
man, with outflow som wb r dowu U1 mountain, reach d
a grand limax in 1,24. '1'l1ls was the nd of tb I v n­
y ar 'y I , and tbis ycl was th eud of an 134.y ar super­
cy I. In th pit gl' ally nlal'g d hy num I'OU collaps
th lava ros t within 121 f t of b ,.im January 27,
In24, m kin the lar est contlnuous sea or lava ev r
TIl aSIlT d by th bsel'V3tory. Th 11 i I w I' d to dorm­
anc [<' ol'llal'y 15-21. 924, left a collap!! d tumble with a
~Iowing hole about 400 feel d wn, I ading to a demon.stra­
lion on we eastern or Puna rift of KHat! a Mouulaln.

Kapoho Coast Subsidence April 1924

This eustern rift nack xt nd b yond h hain ot
I' t 1'::1 hrOllgll lli for s to be crowned wIlh a line of
linker can 30 mil s a·t of KHau R_ Here a ICap ho
pril 21, 192 , began continuous shaldng, th n x ensive
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rim with he enclosed liquid lava lake nd high crag standing In ItI midst. looking
inlide the north rim of the prelent pit and 30 feet up In the air. Photo Jagg r.
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Halemaumau brim full of lava December 31, 1920. This photograph shows the whole p It rim with the enclosed liquid lava lake and a high crag standing in its midst, looking
toward the south. Where the photographer was standing would now be about 600 feet inside the north rim of the present pit, and 30 feet up in the air. Photo Jaggar.
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Halemaumau on the forenoon of November 28, 1919, just after the early morning
subsidence which had lowered lakes and crags like a piston drawn Into a cylinder.
The previous evening the lava had been up to the level of the rim shown so that
one could walk out on the inner floor. Ridge in background was the pressure rim

crushed up during the previous year. Photo Jaggar.
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can. also aL lillo, and a .... 'nlnk 'kua In Kona 1s rl 1. Jl ErlllorR pi ase ('T rli t.
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How the old lava mountain of he au Desert spilt open
December 22, 1919 through sand nd rock and the rootl of
a tree, In order to give vent to he lav whIch later pled

up Into Mauna Ikl.

TWENTY YEARS OF HAWAIIAN ERUPTIONS
n lllu (I)
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H.llemaumau PI dur ng I • reaoyery September 7, 1920 show ng he rls ng p.ahoehoe Ilq
Ta en from an inner _,
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d lava of the lakes making overflow platforms as the lake lava gained upon the crags.
~If looking south.
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Halemaumau Pit during its recovery September 7, 1920, showing the rl,lng pahoehoe lIqlld lava of the lake,,
Taken from an inner 'lelf looking south.

making overflow platform, 01$ the lake lava gained upon the crags.
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Upper part of one of e flo s rom una I I Januilr)' 9, 1920. ho Ing
a bend In he lava stream. placidl)' 0 ng long II ear er. This ta a
h d come out of he sam crac shown on Page One. i1nd sl m I a a)'

wal draining he p t aho n on Pilgn 2-3. Pho os Jagg r.
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TiOAL w..VE, NOYUflJER 4 /927
HILO., HAWAII.

Tide gluge neord Ihowlng the beginning of an urthqulke wave lerllll at a:30 a. m. with maximum ra"ge of about I
foot. from In earthqulke under the lei off the eOllt of Callfor"la November 4. 1927. Thll earthquake wal 3,925 km.
from Hllo, a"d the lei wive traveled 7.8 Ibtute mile. per minute. The quake WII felt I" CIHfor"la and 0" a Ihlp It lea.

HAWAIIAN DAMAGE FROM TiCAL WAVES

In Volcano I..ElLlor No. 27~ tha general contiltlOllll, under
whleh R "uHlIlHml" or enrlhllunke WRve Is generated uy II
seismic moyemalll or the lieu IlOlwm. are reviewed. Theile
are commonly called tidal wavell. 0. name protesled by
lIiet.lloghUII, bUl afler all not wholly Inappropriate. for tides
do enter Into rellOnallce wltll llle harmonic OBeil1atlollll Of
wlltl'r lilln make catastrophell IJOpularl)' called tidal wal·ell.
Moreover nOl all Much damaging movementl! are dne to
eartlllluakea. as lllJa pl1ll1$t-up of rbythma to make flood on
a Bbelvlllll: Ihore may lie due to lllnd!lUp, to volcanic en·
l(lllCmellt ullder the leU. to lIubmnrlne IBva ftn ..... or to hurrl­
<:BI\e. In the UrLhquake ....ave proper. a lea-bottom IIhUt
Ilke tile droppln~ of • rault block of earth crust semlll all

Impuille acrOoJI the deep ocean. t.he lrough or cr~t of "'hlc:;b
Iravela from ~OO to 600 mllf!.ll all hour. anI! ao \J!: qnlte com­
parable to th.. travel of the tte.8t or the llde actuated by
the pull of the moon. We have proved here In Ha"'ali that
two tremendoul deeP-lea earthquakea off the Aleullan
Illandl In one cue made dlllUler In KahUlui and Hllo. In
the other did noL Doth made rnelUlurable waves. but prob­
ably the olle loernente<! a llde. and lbe other "'II In f10me
"'&y comJ)enuled br a tide..

t'actfl aboul !JJonBml in UawaU may be found In the
,..·ell known boob of nn.ham. 1866 (MeIlL Bol!L Soc. Nat.
Hlat.. \'01. I. lit. 31. IIltchcoclt. Hawaii and lLS Voleanoes

fl-Ionolulu. 1911). and Brigham. Klllluea lind MUllns 1.011
(11111101) MUleum 190'1).

III MllY 1819 lhe oeelln walt Been to recede In HawaII
llllll executed ahOlll 13 osctltatloll8 berore It came to rest
IIKRIIl.

On Novemller ':". 1837, II big ellrlhquake olT lhe Chile
Conllt made a \l1811ltroulI WItYe about lhe IIhorea of tile Pacl·
lie Ocean whlcb WOJ! dellcrlIJed by CORll all arriving III HlIo

SO lUI to cauae retlrellll'lll of lhe .lien about 7 J). m. The
surge r",'u.rlled In a fe ..... mOnleDIll "breaking on the beach
whll ll. noille like lllllllder." Lowlands were ~Ilbmerged.

~Iollsea ""erp " .....elll away. People were lefl .IIll'UggllnA" 'II
Ih water. The lea remained blgb for IS minutes. Theil a
ilt'rlea or OSClllllllOll1l oceol"l'ed. the water morlng Ilo ..... ly
OUl lind In akllin. Tbere .....a.. a me.ellng of lhe nath'es on
thl" shore al Ihe lime, and the Uood caused great conRter·
nation. lhe IleOpll' .11lloullng to find their 10l1t relaLl.-ea a.nd
I'Ullhlnl; aboot In panic:. .-\11 .;ngllllh lI'haJer ...1I1c:h ,..u
anchored in the bay lo"-ered boatll for reUef. Canoes were
all washed Olll to lie&. The ",-..Ier ran pallt lbe ship ",-ith
an el.bt·knot eUI"I't'nt. and soundlnu were reduc:ed from
ftve to tllree and a lIalf fatbowlI. 80 lbat mucb of the bar
wu dry.

Al Kahului in Maul the ....ler retired widening the
belch 120 fHt 110 lbat Ihe dellA"hted nath'ClJ ran out on lbe
reer. that "'ere left bare In order to plt::k up f1trallded !lah.
Rut they ..ere terrlfted to aee a ,..-all of "'ater relumlo.l
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Lowered shore line with drowned pandanus rees where the coast subsided east of
Kapoho In Puna April 23 1924. The land bac from the shore was cracked for a d s­
tance of our miles and these events preceded by. onnlght e collapse of Hal·
maumau 30 miles to the wes Th s coaat subsided n 1868 also hen a ave d.-

aster was produced. Photo Emerson.
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round. Th ris con Inu d all day.
At 7 a. m. one compl t wing from low to high was
m asur d 14 ~ t v I'U ally. Th s a sw pl omplet Iy
o\'el' 0 onu T land. Thirty· v t1 dwellings w I' d t,'oyed
and 17 badly wreck d. LUD' bel' was washed away to the
valu of. \' l'uJ U10U 'and dollars, and t11 total damage was
estlmat d at 13.00 .

There have b n s v ral small local waves doing sam
damag in H waH, oc asioned by ubmarin v I aui di·
turban ,of whl 11 th wave at Hoopu]oa in 1 1 , at the
time of th nearby Alika lava flow into the sea, is typical.
Ther was a succ sslon It l' P ri d shallow tidal wav
ranging from 3 to 14 f t In h igbt, wi h ma.'imum n ar
to th flow 'I Ita on the third day of the rup I n, Th
Ho pul a wharf was flo d d.

n F brual'Y 3, 1923. a destntclive tidal wave at Ka·
hului in Maul and at Hilo occun c1 ab ut s v n boUl's aft l'

a big arthquak uud l' lbe Gulf of laska, 2,6 ( mil s
away. In Honolulu the water receded rev a'llug th l' fs
for 2 mlnu and h n th I' W I' in·and-ou urges at
lnt !'Val f 15 10 20 mlnu In HUo ampan in th
Wall a Riv I' weI' sma hed 01' I' the railroad bridge, tbe
bridg wa d tr y d, a man wa killed, and h railroad

mbankm n bet, en gil and Kuhlo Wharf wa wash d
down and house and wharves were up The majOl'
wav wa til hiI'd of til rie and wa aid pile up
mol' than 2 fe In 1\ funn I f the bay at \ alakea.

"e have m ntlon d pronounc d damag in 1 37, twl
in 6, again in 1 77, and 1923 In Hllo, say flv times in the

ntury or an average of on e In 20 Y aI's, mo tty wav s
from laska or South Am ri a. n great di ast l' in Puna
and Kan was due to a 10 'aj llbmarin disturbance. Nin
measured large or small wav betwe n 191 and 1 on
til Hawaii a hay b n di 'u d hlllUbli allon or h
Hawaiian Volcan Db rvat ry. and only in e 1927 hal'

we prated th HlI tid gauge. Probably way occur to
lh number of mol' than on a y ar, di I' gardin he qu .
tion of damng. Th l' i no l' ord yet of riou tidal
wav dama e in Honolulu, but way from th we I and
northw '\ have reco,'d d a rongly on h Honolulu tid
gaug a on the Hilo gall~e. 'I'.A..r.

TILTING OF THE GROUND FOR JANUARY

'I'h following flgur h ~ tll net amount of tilt p I'
we k at lhe b ervat ry on U1 northea rim of Kilauea
I·at r, and it direction, comput d from til dally eismo·

gram. by plattin a urv m th d by v I'lapping PI' ­
~r Iv v n-day a verag s. This is til departure of tile
pluulblille in the dir tion given.

n mil l' 2' ·January .J. 7 seconds \V
,Junual'y 5-11 0. 6 S onds
January 12-1 ,91. ond
Jan uar~' 19·2!i 00 1.33· 'onel
January ~6- bruary 1 _ 1.33 !l eond

KILAUEA REPORT No. 995

WE~K ENDIN T E R ARY 15, H31

e tion of Vol anology, . G 010 ical urv y
T. . Jaggar. Vol anologisl in harge

'I'h i land of Hawalt i a pre ent v ry quie and pra -
ically nO banges have 0 lilT d during b w ek a Hal

maumau pit of Kilauea 01 ano. Mea Ul' m nl f cracks
a III edge of til pit 011 F bruary 10 reveal rl a v ry ligb
,id nlug. Th r is but lInl t am on th oulll talus and
a few 1'0 k.s hal' 'lid down to the d f lhe lava floor
a th sou Il.

Duly wo very feebl 10 at arthQuake were l' gistered
at tl1 b' rvalory, of wWch Oll at 4: 51 a. m. F b,'uary 11
indica ed di tllllC of rigin 2 mile. In addl ion 12 tremors
w I' I' cord d, Tilting of til ground wa slight :-INW. and
ml'ro eiaml III tion \Va v ry sligh.

Detail of lowered shore lil'le of 1924 near east point of Hawaii showing new lagool'l of
salt water over 12 feet deep with submerged coconut palms, Photo Emerson,
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The lines indicate approximate distances and in
many cues not direct 8teamship roule8. the beavier
lines 8howing, however. the commoner sources of

ocean traflic to Honolulu.

\

Map of Pacific Ocean. Submarine earthquakes maki ng destructive t ida I waves in Hawai i origi nate generally in the northeastern semi.

circle of the ocean from Kamchatka to South America.

RE·ad ...r~ are requested to st>nfl art il'lf:"~r photo~Taphs. publjc.a­
tlun:l=l an(l l'lippingiS about \'okano antl earlhquake (~Ventf;. in­
~tl""unu'nt~ and in,-estigatinn.s. f'~pH·jal]y around the Pacific>.

Subscription for non-members two dollars lJer year of 52 num­
uerJ;. AddresH the Ohservatory.

THE VOLCANO LETTER
'Th(.~ Yokano Lett(."r ('nmhlnp~ thp earlier wef"kly of that n~l1net

with thp fOrnH.T monthlv Hulkl in of lht' Hawaiian \~okano • )b­
servatory. It is pUbllshe,! wpekly, on ThurJ;<laYs, loy tiLe Ha­
wajian VI}leano Researcll ASRociation. on be-half uf 11l.~ !":ection
()f VnlC'an(ll()gy, 1:. S. Gf>ological Survey. It promqte~ experi­
m.-.:n t 3,.1 r~t~or{l i n~ of earth llrO(·.f'~He.'"3. Tlle V.,lt·ann Let t..;-or j:!": n ot (~ol'yrjghted. l~dHon pkaJ;e CT('di t,
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Sketch maps and profiles of Bogoslof of dates from left to right as follows: (1)

Krusenstern 1826, (2) Cantwell 1884, (3) Dall 1895, (4) Stromberg 1906, (5) Jaggar
1907, (6) Camden October 1907. These show the gradual growth of the island, and

the lower cut in each case is the view from the south.

EVOLUTION OF BOGOSLOF VOLCANO

The scientific investigation of our vast American do­
main of active volcanoes in the Aleutian I land and the
Ala kan Peninsula is the large -t task before the Section
of Volcanology of the Geological Survey. Gradual advance­
ment oE thi work is provided for by act of Congres" and
during the coming summer Akutan Volcano, which ha' ex­
hibited Erequen activity, will be investigated. Akutan is
next to the east of Unalaska ( e map Page Four), and just
to the northwest of "Lnlaska Bogoslof has been building
up during the last 150 years by proce ses of squeezing up
of lava domes similar to that of Tarumai Volcano lVolcano
Letter No. 317).

The gradual enlargement oE Bogoslof island [rom 1 26
to 1907 is shown in the ucces 'ion oE map and ketche­
illu trated on Page One. Bogo lo[ is a big cone on the
:ea floor like Falcon I land and .. 'iuafoou in Tonga. but
only the tip of it i building above the wave. "Lnder the
ocean it is 6,000 feet high. The group of rock that make
the i let have been enlarging by alternations of ri ing lava
and xplosive team jets. th former making domes, and
the latter preading gravel.

hip Rock was first noticed by ailor men in 176,.
Rogo 10E proper 01' Ca tie Rock wa thrown up in 1796.
Grewingk or New Bogoslof rO'e about Ie 4 and the older
Ship Rock was demolished, but Ca tie Rock still remained
in 1,91. [n 1 96 and 1 99 there were two island with
\Vat I' between. In May 1906 the "Albatross" reported a
new volcano Metcalf Cone midway between Castle Rock
and Grewingk, and attached by an isthmus to the latter.
The cutter "Perry" in July 1906 reported 40 feet of water
between the new dome and Castle Rock.

In July and Augu t 1907 the writer visited the i. lands.
A new cone )1c ulloch Peak had risen south of :\1etcalf

one and adjacent to it. • I tcalf had split in two showing
an ande ite horn ri. ing through the plit cone. This clo e­
ly resembled the Pelee pine of Martinique. The rock was
hornbleude augite andesite with in 'Iu ions of sulphides and
of diorite, some forms resembling pumi ·e. There were also
horn-like processes projecting from the summit oE M ­
Culloch dome, whi'h wa' approximately 450 feet high
aboy the sea. The chanuel b tween the islands was en­
til' ly filled so that Castle Rock. )Ic ulloch, Metcalf, and
Grewingk formed a . iugle Lland a mile and a half long.
McCulloch Peak was nearly sUlTounded by a steaming a It­
water lagoon at about 9u F. and was it elf steaming quiet­
ly. The following de cribe' the ad,-entures oE the writer's
party from the . choonel' "Lydia" of the Technology Ex­
pedition (Tecbnology Review \'01. X.• '0. 1. 190 ):

"\Yednesday Augu t 7, HliJ7. , a. m. Bogo. 10E was
in full view abead, the weather fair, a teady outhwest
wind blowing. It wa det rmined to land two dorie and
have the ve -el ·tand oJl'. while three or four hours if pos­
. ible were pi!nt in examination of the i, land. (The pho 0­

graph on Pag~ Two wa: mad from the "Lydia" at tbis
time looking we t. and corre 'pond to the next to the last
map of the erie. on Pag One.)"

"The landinO' "a made at lU: 30 a. m. Hundreds of
immense ea lions, bellowing with ,"oices that well ju tify
their name, swam within a stone's throw oE the dories,
when they would raise themselves high in the water, stare
at the boat, and then plunge frantically beneath the waves.
'Vhen we landed on the beach, most of the animals there
had floundered into the water; but one immense bull re-
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The northern hills and connecting sand bars of Bogoslof Island, looking west August 7, 1907,
showing McCulloch dome on the left, Metcalf ha If-dome, and Grewingk. Castle Rock is out of the

picture at the left. Photo Jaggar.

mained, apparently asl ep. One of the party ran toward
him with a camera, the mon ter awoke. and with awkward
gait flopped down into the ea.

"The hours spent on Bogo lof were the most intere ting
of the whole expedition, Th rocky cliffs are covered with
millions of birds, their eggs and their chicks, chiefly murres
and herring gulls. On startling them from the face of the
cliff of Castle Rock, the swarm of winged creatures literally
darkened the ail'. To meml'> rs of the party climbing
among the rocks the stench from offal and decayed ggs
was Intense. The island xhlbited four rocky hills 350 to
500 feet high, Castle Rock peaked and prominent at the
southeast, McCulloch dome circular and teaming actively
in the middle, Metcalf crag half de troyed and adjace t to
McCulloch on its north id. and Grewingk a flat table
rock at the northwe t end of the group. These were all
connected by continu u gravel and and trip where a
year before there had been a broad channel and e"en
fathom of water about th ite of .lcCulloch dome."

"Around the ba e of .Ic ulloch hill wa a lagoon of
hot alt water teaming quietly and yellow with iron tained
mud. This hill wa 450 fe t high at the time of our vi it,
conical in outline by reason of the talu slopes, and how­
ing great lump or horn of what appeared to be ledge
rock jutting out from the upp I' lope, while the slide-rock
slope of bowlders all around the ba e \Va straight in pro­
file standing at 30 degree. The entire mass was steaming
from many fissures, and in places there were bright yellow
sulphur coatings at the steam vents."

"Metcalf hill was a half-cone with its south side broken
down where an explosion had destroyed it prior to the
beginning of the welling up of the McCulloch lava. This

rupture left ~etcalf with a vertical preCIpIce on the side
oPPo.·ite the remnant of it cone lope till steaming on the
north side.• -either Gr wingk at the north nor Ca tle Rock
at the south was vol 'ani ally active at the time of this
visit. The steep cliff of 1 tcalf revealed in cross section
up it middle a great horn of congealed lava, which had
ris II into the midst of th 'one with a smooth curved sur­
rac toward the we t, and at the top a broken vertical
surface toward the east. en from the north, this horn
looked like a shark's tin or a parrot' beak; seen from the
west like the horn of a rhinoceros,"

"McCulloch and Metcalf dome were both products of the
slow pu hing ap from ben ath the waves of a rna of re­
fractory lava, emi- olid, cru ting and breaking into blocks
a it ro e, with only tbe central portion retaining a em­
blance of fluidity. The horn' were doubtles such central
portion. The same mechani m produced the extraordinary
pine which ro e 1,000 feet above the dome of Mont Pel e

in Iartinique in H'02."

"Between 1 91 and 1 5 Grewingk had changed it
form from alar e irr e;ular cone to a mall flat-topped
table. I believe this change wa due (1) to its being
leveled by the wave and cover d with beach depo it , and

2) to it being ub equently uplifted. Beach bowlder and
and could now be een in 1907 on its flat top and in
ection at the edge of the top of the cliffs. An extra-

ordinary feature of the rocky wall of Castle Rock was a
ea cave at the north end surmounting a rock bench or

platform 25 feet above th 0 ean level. This notch and
floor had evidently been made by the surf, but the present
surf was beating the strand at a much lower level. On
comparison with photographs of 1906, a year before, it



THE Page Thru

was found that the uplift of 2" feet had taken place during
the la·t year, for tho e photog"raph . howed the ame rock
bench antI ca,e at ea leyel. Eyidently Castle Rock had
be n rising slowly during eight months, while the la\'a
pr .. ure under _lcCulloch hill wa. heaping up that dome
oyer 4110 feet. with a ba e mea urin!!; 2.000 feet aero" at
the beach level. The effect of ma" uplift were in evid-
nc all o\'er the i land. \Yhile a half pIa tic la,a wa

pu hin!!; up rapidly in the middle cone, the adjacent. older,
hard 1'0 k ummit of the ubmarine mountain were lowly
h aved up:'

"On September I, 19()i, aft r we had left the islands,
a st am blast and an engulfment d stroyed McCulloch hill,
sand and dust fell 100 mil to the eastward. and a vi it
by the Coast Guarcl cutt r in October 1907 revealed a
watery lagoon at the south base of the Metcalf remnant,
Me ulloch dome was gone. and all of the rocks were
shrouded in a heavy mantle o[ volcanic debris."

There was probably another explosion lowering the
remains of Metcalf hill in 190 , leaving a bay surround d

by beache between a tie Rock and Grewingk, and in
pt mber 1909 two mall laya 1. land aro e here. a new

la"oon wa [o,med hut off from the sea. and the e in
June 1. 10 had united into a single lava hill tandinl!; Ii
teet aboye the sea. A true crater wa.. opened by explo. ion
in thi hill 'eptember 1 . 191 . which cea ed fuming in
1914. This Tahoma hill, a it wa called. had been eroded
away in 1922 and a chann I wa' al!ain opened between

a tie Rock and Grewin!!:k .0 that a boat could .ail
through. Gre-:vingk bad diminl h d in ize and Ca tIe Rock
was hanged to two rocky borns with a big accumulation of
~and and gravel piled round about which trailed off into a
long and spit at the north. In July 1926 an explo h'e
ruption heralded new activity, another occurred in De·
ember, and then a new lava dome piled itself up in the

middle region within a warm salt·water lagoon at 70 0 F.
completely shut off from th ocean by a ring of sand and
bombs, and gravel heaps connecting Castle Rock and
Tl'ewingk as before. Since that time the island has quieted

dowu. T.A.J.

New lava heap of Bogoslof Volcano about June 28, 1928, looking southwest showing warm salt lagoon and
ring of explosion debris In about the same location as the active domes of 1907. Photo Wheeler.

KILAUEA REPORT No. 996

WEEK ENDING FEBRUARY 22, 1931

Section of Volcanology, U. S. Geological Survey
T. A. Jaggar. 'olcanologist in Charge

Halemaumau pit remain very quiet. there I only
light teaming on the outh talus, and dust wa noticed

from lide at the north wall of the pit about 3: 10 p. m.
February 19.

Eighteen tremor and one "ery feeble local earthquake
were regl tered at the Ob n-atoT)' during the week, the
earthquake at 12: 56 a. m. February 20 indicating di tance
of origin nine miles. Another at 12: 26 a. m. Februan' 21
wa only a tremor at Kilauea but wa felt a a ingle bump­
ing jolt at Kealakekua In Kona accompanied b)' a slight
noise.

Tilting of the ground wa moderate to the southwest
at Kilauea. and micro eismic motion was slight.
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The lines indicate approximate distances and in
many cases not direct steamship routes, the heavier
lines showing, h ever, the commoner sources of

ocean traffic to Honolulu.

Map of the Pacific Ocean showing position of Unalaska southwest of Alaska in the Aleutian Islands. 80goslof is 40 miles northwest of
Unalaska.

Readers are requested to send articles. photographs. publica­
tions and clippings about volcano and earthquake events, in­
strument· and investigation. especially around the Pacific.
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Crater of Bandaisan after eruption of 1888 showing the steaming cleft in the mountainside, bare hillsides that were
scored by the terrific avalanche, and mounds left by settlement of the debris. After Sekiya and Kikuchi.

Oshima 9.
Mlnami-iwo-shima 10.
IIakone 11.

121 Sulphur eruption. In the ea. tern part of Hokkaido,
the north i land ot Japan, hiretoko-lwo- an i a volcano
of active olfatara wh r 'ulphur was mined. Allgu t 9.
1. 9. at 1 p. m. an xplo iOIl in a olfatara tltrew out ul.
phur both a block and liquid. forming a craterl t 40 m.
long. The activity d crea 'ed at the end of two weeks.
leaving a lake of boiling water. but ulphur production
augmented. The next y al' on June 15, boiling water was
thrown out. The ac 'umulaling and melting of sulphur
coupled with geyser action influence such eruptions; th
liquifaction temperature of ulphur is 114.5° C.

7.Asama Aa lava in crater with explo ive
jet.

Ruptured mountain flank with aa
outflow.

Fluctuating crater lava and flows.
ubmarine eruptions.

Subtenanean lava movement mak­
ing earthquakes.

(1) Bandaisan in inl rior central Japan had some 01­
falaras on lop of one of its peak, el vation 1 40 meters.
July 15, L ubt rran an roaring began at 7 a. m. and
thre ·quarter of an hour lat I' a gigantic team blast
ru 'hed out at the'e 'olfatara. and engulfed or thr w out
about half of thi particular p ak. a,alanching 1,0 million

ullic meter of 1'0 k down the northern foot of the m un­
tain. lea\-ing a horse.-hoe -rater 1 km. wide, 400 m. deep,
and open to h north lik a quarry with ru hing steam ill
i bottom. The pro 'e' , dammed a ri,er and made a lak .
H th re were fragment. of 11 w la\·a. they were in mall
amount.

Sakurajima

JAPANESE VOLCANOES ARRANGED IN SERIES

In order to cl sify volcanoes intelligently it is nece
sary to know the deeper mechani. m that gave birth to the
'rater or mound or mountain. In Volcano Letter No. 164

was reviewed the classification giv 11 by Sapper, (1) Ha·
waiian liquid .ava flow, (2) liquid lava combined with
steam jet as at StlOmboll, (3) still' l' lava combined with
st am and black dust as at Vulcano. (4) still' lava plug com·
bined with Vulcanian paroxysm of team and du t a at
PIe in lJ:artinique, and (5) team explosion alone throw·
ing up fragment of old rO'k as at Bandai an in Japan.
The e are usually de cribed as (1) Hawaiian, (2) trom­
bolian. (3) Vulcanian, (4) Peleal1, and (5 I Bandaian. um·
rou' unhappy Gre k word have b en invented by chnei·

d I' and other, which unfortunately. ome Japane e geolo­
gist.' are l' peating, but clear de 'crip i,e language i. be, t
in th pre ent tage of the ·cience.

A recent e ay by H. Tanakadate tErupti,e Type. of
Japan e Yolcanoe in l' nt Y ar', Proc. Fourth Pac. ci.

ong., Java. 192'. p. 621) i. a .ound attempt to arrange
the eruption of Japan in ries. The author u e 'ome
technical terms which would mu h better be replaced b:
plain language. He di.-tingui 'he leven type as follow
Bandai an 1. udden explo -ion without lava.
Shiretoko 2. ulphur eruption.
Kusatsu·shirane 3. rat I' lake eruptions.
Tokachidake 4. Explosive a\'alanches with explo-

slv lava.
Ususan 5, w !ling mountain with explosive

lava.
Tarumai 6. Explosive jet and rising plug.
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North side of Asama Volcano, central Japan, showing the great aa lava flow of
1783 and the fuming crater in the background. After Omori.

(3) Crater lake eruptions. Kusatsu-Shirane is a vol­
cano 2,162 meters high in central Japan with three circular
crater lakes and hot gases, amid sulphur mines. In July
1897 there were earth tremblings, a steam blast occurred
in the middle of the largest lake and continued to mid­
August. There were similar outbursts in 1900, 1902, and
often between 1905 and 1925. Such eruptions in crater
lakes are not rare in Japan. An explosive paroxysm of
subterranean gas burst through Noboribetsu crater lake
in southeast Hokkaido in the spring of 1927. The lake
shows a temperature of 50 0 C. on the surface and 133 0 C.
at the bottom. This place contains melted sulphur.

(4) Explosive avalanches. Tokachidake is a volcano
in central Hokkaido 2,077 meters high with fumaroles so
active that sulphur could be extracted from the fume by
condensing it. Explosions began December 23, 1925, and
culminated in two blasts May 24, 1926, upsetting tile west­
ern half of a solfataric hill and causing it to avalal,che
down so as to leave a crater 130 by 300 meters and 50
meters deep. On May 25 a new sudden explosion threw
up fresh lava and was accompanied by an eal'thquake, the
scoriae falling on the avalanche debris. The activity waned
except for renewed explosions September 8 and 10 ejecting
high-temperature ash. Asosan in Kyushu and Kirishima
are similar volcanoes beginning eruption by ejection of old
rocks, ending with red-hot scoriae, this last phase continu­
ing for a long time and declining gradually.

(5) Swelling mountain. Usu Volcano of elevation 725
meters in southern Hokkaido lies between the sea and
a volcanic depression containing Lake Toya. After num­
erous earthquakes in 1910 it cracked along its flank for
three kilometers, developed 45 explosive craterlets, and
lifted a hill 700 meters long and 200 meters wide to a
height of 100 meters (Volcano Letter No. 302). The lapilli
thrown out were of new lava, and it is conceived that an
intrusive mass of magma was pushing its way like a lens

outward and upward, and by occasional recession permit­
ting ground water to fill voids and turn to steam.

(6) Rising plug. The activity of Tarumai was de­
scribed in Volcano Letter No. 317. This volcano also is in
Hokkaido, is 1023 meters high, and after 15 years repose
sent up a steam blast in 1909 with increasing violence for
three months accompanied by the rise of 20,000 cubic
meters of lava that formed a dome, This dome was quite
like the andesite domes of Bogoslof, described in the last
Volcano Letter (No. 322), The dome was 134 meters high,
and several explosive outbursts have traversed it since
April, 1917.

(7) Lava in crater and gas blasts. Asama Volcano in
central Japan is the type, a big cone 2,542 meters high,
much like Vesuvius, and in 1783 one of the greatest erup­
tions in the history of Japan spread volcanic detritus and
ashes over a large area, followed by an aa lava flow. In
recent years, between 1910 and 1915, and again 1919-23,
the crater bottom welled up slowly by accumlation of new
lava and thsre were repeated explosive eruptions pro­
portional in frequency to the pulsations of rising of the
lava. After big eruptions the bottom lava sank. There
was a new eruption in September 1929.

(8) Lava outflow from mountain flank. Sakurajima is
the type, described in Volcano Letter No. 308. This volcano
is a peninsula in Kagoshima Bay at the south end of Japan
and stands 1,060 meters high. It was shaken by earth­
quakes for two days in January 1914, then great cauliflower
clouds arose, and two stiff, blocky lava flows of andesite
poured from newly formed craterlets on both sides of the
mountain. The volume of lava was estimated at 1.56 cu.
km., the explosive materials 0.62 cu. km., and the area
covered with lava 23.73 sq. km. The lava flowed for several
months and the effusion ended gradually with weak ex­
plosions in the craterlets.

(9) Crater lava and flows. The volcano Miharayama,
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'i55 meter high, constitute. the island of Oshima in agami
Bay outllwe l of Yokohama. It had eruption from 1912
to 1923 jUBt before the TOkyO earthquake. In 1912 ex­
plosions of incandescent coriae began in the central cra­
ter, In April it was filled with lava. in July i central
part lowered 30 meter. in eptember pahoehoe lava poured
up filling the crater by mid-October. fed by a cone of scoriae
ju t a at Ve uvius at pre eot. Then the lava field ank,
on lay 15, 1923 a tromboUan team eruption occurred:
thereafter the crater bottom rose and this was followed
by a inking and active border fissures in 1915. Lava erup­
tion were repeated in 1919, 1 20, and 1923. In January
of 1923 the lava field In the crater 1'0 e, with a cone 40
meters high standing upon it. Then there was a lowering,
followed by the Tokyo earthquakes which had some of
their epicenters close to 0 hima. As shown by the chang­
ing pattern of the pit, the lava activity of Mihara is more
like Kilauea than most Japan se volcanoes.

(10) Submarine eruption. In the ocean to the south of
Oshima extends a line of volcanic islands. At Minami-Iwo­
shima a small island wa built up after detonations and
uprush of fume for 20 day in 1904. This was December
6, and in February 1906 the circumference was 6 km. and
height 150 m. The cone wa crowned with a crater of
120 m. diameter. It wa eroded away oon after June 1905.
In 1911 the water there was 400 m. deep. but on January
25 after two days of explo ions a new cone aro e, similar
to the former one, and thi had dl appeared by June 1915.
There were other eruption along thi line of the Oga a­
wara i lands, making banks of pumice in 1906 and 1915.

11) Volcanic intrusion. A a la t stage in manife ta­
tioo of magmatic energy, the Hakooe Yolcano, 1,439 meter
high, near the beautiful lak of the .iyano hita di trict
so much visit~d by touri t ,ha been the cene of many
earthquakes. Di astrous ones have occurred in the la t
few weeks. They -ere numerous in 1917, and also this
di trict was terribly shaken by the great Tokyo earthquake

of 1 23. It lies on the Fuijyama ,olcanic zone. The earth­
quake~ at Hualalai in Ha wail in 1929 marked another ca e
of I"olcanic energy underground.

Profe or Tanakadat 'how ana]y e of lava from all
tbe e volcanoes, with silica increa ing from. -0. 9 to • '0. I,
alumina decr~a Ing. and decrea e aloin iron, magne ia,
and lime. In other word the erie i more ba ic the
greater the 1Iuidity of the lava. T.A.J.

KILAUEA REPORT No. 997

WEEK E Dr"G MARCH 1. 1931

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

On February 23, 1931, no changes were observed at the
pIt Halemaumau of Kilauea rater, the pit seismograph
showed no tremors, and the tilting of the ground at the
pit since the activity of November 1930 has been very
gl'adually away from the center. It has never shown back­
ward tilting toward the center such as would happen if the
lava column ub ided. On February 26 after heavy rain
there was much steaming on the new crater 11001' near the
cone of 1930 and some of the sulphur spots were somewhat
washed away. Two pot on the northwe tern part of the
new 11001' appear to be fuming with blue sulphur smoke,
the one in puffs and the other continuou . first ob erved on
the afternoon of February 25.

Ob ervatory seismograph have regi tered 25 tremor ,
one f eble local earthquake, and two very feeble one , the
di lance hOWD being 9 and 11 mile from the tation.
Tilting of the ground wa moderate to the south, a direc­
tion sea onally expectable at thi time of the year. A a
whole however this sea onal lilt ha been delayed, as
though upward pre ure away from the volcano had been
maintained here since De ember. Microseismic motion
ha been almost absent.

t•
Three maps of the crater pit of Mihara Volcano in Sagami Bay near Tokyo. North
is at the right. Right-hand sketch is the summer of 1907, in the middle is shown the
condition of January 1, 1913, and on the left the block lava, terraces, spatter cones,

ditches, pits, and fuming holes of 1916. After Tsuboi.
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Map of volcanic rifts of Japan with Tokyo (T) and Fujiyama (F). The rift
extending southeast underlies from north to south Asama, Hakone, Oshima,
and Minami·lwo-shima. The rift 'ilt the left underlies Sakurajima and Aso­

san. The rift at the extreme northeast underlies Usu, Tarumai, Tokachi, and
Shiretoko. Shirane and Bandaisan are over the rift north of Tokoyo. After

Omori.
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lake which toppled over sideways as the lake sank. This is shown

on the left. Bench cracking on the right.
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WHEN THE PIT LAVA SINKS

In another number of the Volcano Letter (No. 291) the
flooding action of boiling slag rising into Halemaumau pit
was reviewed. Gas effervescence was shown to be the im­
pelling agent. 'l'he question was asked, "Is the sinking of
lava a reversal of the process that makes it rise?" The
rising process is dependent on expansion and combustion
of gases in the slag, a foaming up along with extra heating.
It was shown that the foaming depends on release of
pressure that otherwise confines gas in solution. Deep
pressure is maintained by the weight of the accumulated
mountains of lava, and these in turn are supported by
blocks of the crust of the earth believed to rest on a
substratum of basalt. Release of pressure is attained by
periodic or occasional yielding of fault blocks of the moun­
tain, or yielding of the crust blocks of the globe. The
mountain is a strained heap of lava we call a volcano.
The straining of the crust of the earth is complicated with
the trigger-pulling forces of the tides, the atmosphere, and
of the sun, moon, and earth.

When the lava subsides in Halemaumau pit, there
are several explanations, and they may all apply at dif­
ferent times. If the slag loses its gas the remaining glass
shrinks, and if the glass crystallizes underground, it
shrinks still more. It changes from a foam to a rock. If
a flank of the mountain opens a deep crevasse, or a fault
block thousands of feet deep slips a little toward the sea,
the lava which has been standing in the pit may drain
away into an underground fissure. If a crust block of the
earth hundreds of miles long and 30 miles deep moves

ever so slightly by some tidal breathing of the globe, with
its equatorial protuberance, its northing and southing of
the sun, its fluctuations of the moon, its approach and
recession to the sun in its orbit, and with the possible
but unsolved mysterious relations of sunspot periods to
magnetism and gravitation, it is likely that an increased
pressure on the substratum would quickly show itself by
a lessening of gas at the relatively tiny lava column repre­
sented by the pit.

The loss of gas and reestablishment of deep pressure
to make the lava column recede should be gradual. The
opening of the mountain to drain the lava into a crack, or
through a fissure out to a submarine lava flow should be
rapid. The diminution of gas, followed at other times by
its increase, owing to astronomical controls, should be
periodic and rythmical. The actual movements of the
lava column when it subsides have suggested all three of
these processes at different times; in 1912 there were
striking quarter-yearly changes from high to low as though
equinox and solstice were in control. Again and again a
period of about three weeks has been observed from one
sinking spell to the next. Earthquake frequency has
shown a similar periodicity. From 1914 to 1917 during
general rising of the lava there was a systematic series of
risings and failings with each complete wave about eight
months long, each rising higher than the one before, and
each sudden sinking lower than the one before. There
were similar movements punctuated by sudden sinkings.
between 1917 and 1924. And in 1919 a critical investiga­
tion gave evidence of a daily tide in the lava.
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New pool of lava in the bottom of Halemaumau November 30, 1919, after subsid­

ence, looking southeast. The lake was rising very rapidly and the talus at the

right turned out to be a ring crag of the bench magma which has subsided Novem­
ber 28, developing within two weeks into the ring island (Volcano Letter No. 282).

The sudden sinkings are accompanied by marked in­
crease in numbers of local earthquakes. Four specially
conspicuous ones ere in 1916, 1919, 1922, and 1924. The
first two were immediately after a lava flow from Mauna
Loa, as though the sinking back of the lava in that vol­
cano tended to drain Kilauea. The last two accompanied
times when Ki auea itself tended to make lava flows, in
1922 a visible outpouring at the chain of craters, in 1924
a probable outpouring under the sea to the east. We may
conclude that sudden subsidences justify the suspicion
that the mountain mass has opened somewhere and cre­
ated a true hydrostatic drainage of the lava. The seismical
proof of this is illuminating. Earthquakes are few during
the rising. They come in swarms during the sinking and
in 1916 they showed Mauna Loa distances on the seis­
mograms in May, and much shorter distances as though
Kilauea Mountain were breaking on June 5.

On May 21 and thereafter, 1916, lava flows broke out
on the southwest rift of Mauna Loa preceded by an explo­
sion of gas and foamy lava high up the mountain May 19.
The flows ceased about June 1. Kilauea lava had been ris­
ing vigorously for three months until May 25, when it was
265 feet below the rim of the pit. It then turned and low­
ered a little, and fluctuated until June 5. There was a
ring-shaped lake with two islands within a black ledge of
overflow. On June 5 the lake started to lower along with
the islands, red-hot falls of bench matter from the black
ledge crumbled and flowed into taluses around the reced­
ing pool of liquid, and finally terrific avalanches of old
wall material made purple, white, brown, and black cauli­
flowers of dust that boiled up from the funnel below. The
depression of the lake was 302 feet June 4, 340 feet 8: 30

a. m., 380 feet 10: 30 a. m., 540 feet 3 p. m., June 5, and
673 feet at noon June 6. There were occasional percepti­
ble earthquakes, but a remarkable feature of the whole
cataclysm was the rigidity of the upper walls.

In October 1919 Mauna Loa gave vent to the Alika flow
southwest. Some time in November the flowing stopped.
On November 28 a sudden, quiet drop of the Kilauea lava
column took place amounting to at least 600 feet in a single
morning. The subsidence was accompanied by almost
continuous light local quaking of the ground, again with
distances of origin shown on the seismograms much
shorter than those which had indicated a distance of 35
miles or more for the earthquakes of Mauna Loa a month
previously. It was as though the sinking back under
Mauna Loa had brought the full force of the lava column
to bear upon splitting open Kilauea, and then after filling
the split by drainage, the lava column began to rise under
Kilauea. The same thing had happened in 1916, for a
very rapid Kilauea rise had followed the June subsidence.
Now in December 1919 the rising in Halemaumau amounted
to 30 feet a day after the drop of 600 feet mentioned above.
This continued until in mid-December the rising wedge
split the mountain clear to the surface, and the Kau Desert
flow of Kilauea built up the slag heap Mauna Iki.

The 1922 subsidence in Halemaumau was so exactly
parallel in its happenings to these two subsidences which
had accompanied the termination of Mauna Loa eruptions,
and the occasion of the subsidence was so clearly a Ki­
lauea outflow accompanying a splitting open of the deep
mountain mass, as to contstitute a proof that the connec­
tion between Mauna Loa and Kilauea need no longer be
doubted. 'With each flow from Mauna Loa, the Halemaumau
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subsidence followed; with each flow from Kilauea, the
Halemaumau subsidence preceded.

The liquid lava May 13, 1922, was less than 50 feet
below the rim of Halemaumau. By May 21 the lake level
had dropped 300 feet with a steady but majestic sinking
carrying down peaked crags, lava lakes, and adjacent
floors. Avalanches frem crags and walls were numerous.
Swarms of earthquakes were registered by the seismo­
graphs. On May 26 began spells of general caving in of
the pit wall, sending up cauliflower clouds of brown and
salmon color, and making a thunderous roar. This con­
tinued for two days, and the pit was greatly enlarged. A
swaying earthquake about 8 p. m. May 28 heralded the
appearance of bright glow over Makaopuhi Crater nine
miles away in Puna. A crack in the side of this pit, on the
Chain of Craters rift line leading from Kilauea, was vomit­
ing up the lava :::tolen from Halemaumau by the splitting
open of the mount.ain along the rift. Cascades poured
from the top of the talus in Makaopuhi and made a pool
in the bottom. This flowing dwindled, but a new eruption
broke out in Napau Crater farther east and in the upland
beyond for two days, showing that the rift was splitting
open eastward.

This underground wound healed, the lava rose in Hale­
maumau, and again it lowered suddenly and split the east­
ern rift with outflow in the forest near Makaopuhi in
August 1923. Then the rift healed again and by January
1924 an enormous lake of liquid lava filled Halemaumau
pit, now 2,000 feet across, to within 121 feet of the rim.
Here were pulsations year by year, of this wedging agent,
the basalt of the crustal substratum, welling up into the
pit, and then splitting open the eastern rift, after the work
for the cycle was finished in building at the higher rifts
of Kahuku on Mauna Loa, and of the Kau Desert on Ki­
lauea. The final splitting open of the eastern rift was

exhibited by cracks in the ground and swarms of earth­
quakes at Kapoho on the extreme eastern point of the
island in April 1924, after the lava in Halemaumau had
sunk more than 300 feet.

Then came the grand crash of lava subsidence and
engulfment of the walls of Halemaumau in May of 1924,
with every episode closely parallel to what had happened
in 1922 and 1923 except that the outflowing lava on the
rift did not appear above sea level. There could be no
question but that it did flow out a few miles beyond the
east point of the island under the deep cold water of the
Pacific. Each incident of breakage of the island mass
1919,1920,1922, 1923, and April 1924 had been farther down­
hill, and eastward from Mauna Loa to the sea. The swarms
of earthquakes and their distances on the seismograms
plainly told the story of the splitting open of the eastern
rift in the depths of the mountain mass. There was added
the episode of steam explosion, (the great cataclysm of
1924). then the lava rose and appeared 1300 feet down
Halemaumau in July 1924, and the system entered into
repose. T.A.J.

TILTING OF THE GIROUND 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
progressive seven-day averages. This is the departure of
the plumbline in the direction given.

February 2-8 .._.._..... . 0.36 second ESE
February 9-15 .. . 1.21 seconds WNW
Feburary 16-22 1.31 seconds SSW
February 23-March 1 1_74 seconds SSW

The left-hand cut shows southwest wall of Halemaumau May 25, 1922, when the great subsid­

ence had revealed a tunnel on the Kau Desert rift line through which the lava had flowed

in 1920. The right-hand picture is the bottom of Halemaumau July 17, 1922, when the lava reo
turned through a cup at the top of the talus slope pooling in the bottom. Photos Jaggar.
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Halemaumau from Volcano House, 8: 15 a. m. May 22, 1924, showing cauliflower cloud of one of the paroxysms
of explosion and engulfment with bowlders bombarding the Kilauea floor. Photo Tai Sing Loo.

KILAUEA REPORT No. 998

WEEK END! G MARCH ,1931

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

Very slight fuming continues in the bottom of Hale­
maumau. New debris material was seen at the southeast
edge of the floor on March 2, and on the 7th rocks were
heard falling from the north rim. The pit is otherwise
quiet.

A total of 19 seismic disturbances were recorded on
the instruments of the Observatory during the week, as
follows: 16 short tremors; 2 very feeble seisms, one at
9: 04 a. m. March 7 ori 'nating 32 miles from the station;
1 slight shock at 6: 53 a. m. March 8, 30 miles distant, felt
in Hilo.

Tilt for the week accumulated slight NW. Hcro-
seismic motion wa slight.
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Looking across Kilauea Iki and Kilauea craters. The 1832 flow broke out on the ledge between the two. The 1868 flow

made the frozen cascades shown. Photo Wilson.

THE HAWAIIAN VOLCANIC CYCLE

The summary of 20 years of Hawaiian eruptions in
Volcano Letters Nos. 319 and 320, and the account last
week (Volcano Letter No. 324) of the somewhat systematic
repeated sinkings of the lava in Halemaumau pit from
1916 to 1924, naturally suggest to the reader the inquiry,
"What can be made out of the sequence to suggest a
definite cycle of accumulation and release of lava gas 7"

William Lowthian Green (Vestiges of the Molten
Globe, Honolulu, 1887), and more recently Wood (On
Cyclical Variations in Eruption at Kilauea, Second Report
of the Hawaiian Volcano Observatory, Cambridge, Mass.,
1917), have commented on possible periodicities of 7 years,
9 years, 18.6 years, 65 years, and 130 years, and Wood has
also suggested a semi-annual variation, or a possible varia­
tion during a term of about 14 months. Astronomical
causes have been suggested. The possibility of a 9-year
period, or roughly a decade, involving both Mauna Loa and
Kilauea, became more and more plain after the Hawaiian
Volcano Observatory was founded. The history of a cen­
tury and a quarter from the end of the 18th century to
1925 strongly suggested a long term between explosive

eruptions, here recorded about 1790 and in 1924, and a
maximum volume of lava flowing (1855) in the middle of
the term.

When we talk about cycles it is well to have a definite
idea of what we mean. What was said in Volcano Letter
No. 324 of the weight of the mountain bearing on one body
of lava, of the weight of crust blocks of the earth bearing
on a substratum of lava, and of the globe as a whole warp­
ing under the pull of the sun and moon, involves at least
three possible units of volume to heave and sink, to be
compressed and be released, and so to produce three dif­
ferent orders of magnitude of eruptive cycles at the same
group of vents. It is thus entirely possible at the Ha­
waiian volcanic system, involving both Mauna Loa and Ki­
lauea, to have a shorter cycle of puffs of the engine. so to
speak, about 11 years long; and this superimpose<! upon a
much longer cycle about 132 years long, at the end or
which the engine opens its safety valve and produces a
prolonged steam blast. Just this, to put the matter in
round numbers, is the theory of cycles on which we are
workjng at present, and if it is true, then the 12 episodes
of 11 years each from 1792 to 1924 should approximately
cover twelve similar eruptive periods of Mauna Loa and
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Looking down on Kilauea, with Halemaumau smoking from 7000 feet elevation on Mauna Loa. Photo. Wood.

Kilauea combined. \.nd it the 132-year cycle Is itself made
up of prolonged accumulation and relea e, then its fir t
half for 66 years might well be expected to how Increasing
lava flow with perhaps some logical geographical sequence
from Kilauea to Mauna Loa, and its last half should show
d creasing lava flow with a progress to lower levels from
the top of Mauna Loa downward past Kilauea to the east.
It is also conceivable that the quarter period of 33 years
may have some significan e, for it happens that 1823,
1 55, and 1894 produced extraordinary crise of eruption,
th fir t and last on Kilauea. and the middle one on Mauna
Loa.

Now let us examine the individual eleven-year cycle :

For the cycle 17 1-1792 we know only that a lava flow
in Puna east of Kilauea is report d for 1. . and that a
major team bla t eruption killing native occurred at Ki­
I" a about 1. 9-90, marking the end of one of our a umed

'.1') r y Ie approximately 132 y ar long. 'We thu begin
.. new ·upercycle.

The cycle 1192-1 03 lend oC ach year named) invol.e
report of a Puna la.a flow 1.93. and the .ery exceptional
event which occurred on the we t 'ide of the island, lava
flow· from Hualalai Volcano in 1 00 and 1 01, the former
at Huehue and the latter at Kaupulehu.

The cycle 1 03-1 14 we know nothing about, except
that mariners reported fume continuing at Hualalai, and
it is even aid that fume was een near lolokini we t of
Haleakala. Kilauea was PI' sumably piling lava into its
crat r.

The cycle 1814-1 25 wa certainly a time of construction
by lava up-building in Kilauea rater, for the early mis­
sionaries after 1823 found a black ledge around the crater
not overed with the debris of 1790. Therefore this was
post-1790 lava. The year 1923 pl'oduced a tremendous
breakdown in Kilauea, with the Keaiwa flow into the ocean

b low Pahala and low crater levels for two years there­
after.

Tbe cycle 1 25-1 36 was a time of great activity and
rising in Kilauea, a remarkable eruption on Byron's
Ledge with lava flowing into Kilauea Iki and over the !iff
into Kilauea Crater in 1 32, a flow for three weeks on th
top of Mauna Loa the same year, and a Halemaumau break·
dOlVn followed by recov ry. Here is our first mention of
Mauna Loa since 179lJ, ane! it will b seen that for 40 years
the outpouring of lava had been [rom low levels in Kilauea
and Hualalai.

The cycle 1 36-1 47 be~iJH; with Kilauea dull and un­
mentioned. then follow a rising to "terrific" effervescence
th re in 1 40 and a breakdown with outflow far to the ea t
in Puna, the lava reaching the sea at • 'anawale. Kilauea
pit l' covered but slightly when launa Loa again took part,
makine; a big northern flow piling a huge volume of lava
in the addle between ~launa Loa and .launa Kea.

The cycle 1 4.-1 5 involve the mo t trem ndous
flooding of lava which oc urred in the nineteenth centuT)'.
There were over 400 day of lava flow [rom Mauna Loa
between 1 51 and 1 55. Thi wa led up to by a dome
formin over Halemaumau 1 4 . flu tuations of Kilauea ac­
tivity until 1 54. exce iv flooding of Kilauea Crater in
1 55, and lowering thereaft r. .launa Loa had outbreaks
in 1 49, 1 51, 1 52. and 1 55, the last flowing for 13 months
toward Hilo.

The cycle 1 5 -I 69 is the beginning of the decline,
howing 307 days of flowing lava. but is still characterized

by enormous flooding from Mauna Loa. Kilauea was quiet,
but Mauna Loa in 1 59 made a big flow for seven months
into the ocean in North Kona. Then Kilauea revived, the
lava in Halemaumau rose and overflowed, the summit
crater of Mauna Loa broke out for four months 1865-66,
and In 1868 came a startling crisis with flows Into Kilauea
lki, a world-shaking earthquake, a big breakdown of the
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Kilauea floor, and outflows for the first time from the
southwest flank of Mauna Loa, with a small outflow south­
west from Kilauea. These events were accompanied by
landslips, tidal waves. and shore lowering.

The cycle 1869-18 0 was distinguished by great flood­
ing of Mokuaweoweo, the summit crater of Mauna Loa, at
the very top of the volcanic system. Kilauea recovered to
low levels, then Mokuaweoweo was reported active in 1871,
1872, 1873, 1874, 1875, and 1876. Kilauea came to an over­
flowing with great activity in 1874, broke down and re­
covered in 1875, fluctuated and erupted at the small pit
Keanakakoi in 1877. In that year Mauna Loa produced a
submarine eruption in Kealakekua Bay on the west side
of Hawaii. Then Kilauea built up crags and lakes and
overflows with a collapse in 1879 followed by recovery.

The cycle 1880-1891 like the preceding produced more
than 200 days of lava flowing, with Kilauea hard at work
building up its floor until 1886, when it reached a crisis of
breakdown. Mauna Loa in 1880-1881 produced the great
flow that almost destroyed Hilo. Again in 1887 Mauna Loa
had a short-lived but voluminous southern flow, Kilauea
recovered and reached a breakdown in 1891.

The cycle 1891-1902 was distinguished by a great de­
cline in numbers of flow days (only 37), yet there was ac­
tivity in Mokuaweoweo in 1892 and 1896 and a northern
flow from Mauna Loa in 1 99. Kilauea increased its crateral
activity to immense floods in 1894, when it broke down
completely and remained dormant or very dull for 13 years.
There is good reason to think that Kilauea had an outflow
under the ocean.

The cycle 1902-1913 was marked by summit crater ac­
tivity of Mauna Loa in 1903 and a flow to the southwest
in 1907, only 28 flow days in alL Kilauea revived in 1905,
reached very high effervescence in 1910 and 1912, and then
lowered to a dormant year.

The last cycle 1913-1924 had somewhat higher flow
duration, 71 days, and was the concluding cycle of the
supercycle that led to the Kilauea explosive eruption of
1924. The lava pressure was marked by a steady climb of
the lava in Kilauea fire pit from 1914 to 1919, and a pulsat­
ing subsidence with outflow from 1919 to 1924. Meanwhile
Mauna Loa was active on the summit in 1914, and on the
southwest flank with increasing floods in 1916 and 1919,
but all small as compared with 1855. Kilauea exhibited
increasing breakdowns until the grand crisis of 1924 when
the east point of the island sank, Halemaumau exploded
and probably there was submarine outflow. T.A.J.

KILAUEA REPORT No. 999

WEEK END! G MARCH 15, 1931

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

The only noteworthy features of Halemaumau pit in
Kilauea Crater which suggest any change are sulphur
spots north and west of the cone that was left standing on
the lava floor of 1930. These spots on March 12 were ob­
served to be fuming steadily. A small slide was observed
at the southwest. The seismograph at Halemaumau in­
dicated rather rapid tilting of the ground away from the
pit between February 2 and March 3, and a gradual ac­
cumulation of tilt away from the pit at other times.

The Observatory seismographs registered 34 tremors
during the week and 3 very feeble local seisms, one of
these at 4: 43 a. m. March 14 being accompanied with tilt
to the southeast. Tilting of the ground was otherwise
moderate SS W, and microseismic motion was very slight.
The fluctuation of tilting within a few days was strongly
marked during the first half of March.

West wall and floor of Mokuaweoweo, the summit crater of Mauna Loa. Photographed 1915 by Wood.
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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 Lorrin A. Thurston, PresI­
dent; Frank C. Atherton and Walter F. Dillingham, Vice-Presi­
dents, L. 'l'enney Peck, Treasurer; Wade 'Van'en Thayer,
Arthur L. Dean, and Richard A. Cooke.

Persons desiring application blanks for membership ($5.00 or
more) should address the Secretary, Hawaiian Volcano Research
Association, 300 James Campbell Builc1ing, 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, by the Ha­
waiian Volcano Research Association, on behalf of the section
of Volcanology, U. S. Geological Survey. It promotes experi­
mental recording of earth processes.

Readers are requested to send articles, photographs, publica­
tions and clippings about volcano and earthquake event,!. in­
strumen ts and investigations. especially around the PaCIfIC.

Subscription 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 Survey. .

It maintains seismographs at three places near Kilauea 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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A high level in the cycle. Looking northwest across Halemaumau January 23, 192~, show­
ing the rush of surface currents of bubbling lava into a grotto. Shows the fuming sur­
face of the half solidified lava column, and in the background the Halemaumau wall and

the Kilauea wall. Photo Jaggar.

VOLCANIC CYCLES AND SUNSPOTS

In the Volcano Letter Nos. 172 and 302, some notes
are presented concerning a general similarity between
curves of frequency of sunspots and of frequency of vol­
canic eruptions. Students of this subject who have taken
the volcanic eruptions of the whole earth have publi"hed
contradictory results, some finding more eruptions and
some finding less eruptions for the time of sunspot maxima.
Sapper found that gigantic volcanic explosions sometimes
correspond with either high or low numbers of sunspots,
but his curve shows a number of good correspondences
between eruption frequency maxima and sunspot minima.
For the period between 1790 and 1825, when sunspots were
notably infrequent, volcanic eruptions were unusually in­
conspicuous.

Confusion in attempting to compare statistics is bound
to result if such a word as "eruption" remains undefined.
To take the great lava-flooding cycle of Kilauea 1913-1924
as an example, the peak of the lava pressure was 1919
when both Mauna Loa and Kilauea were vomiting floods
of slag. This was also a time near sun pot maximum of
frequency. To the layman, however. or to the ordinary
geological traveler, the crisis of "eruption" was 1924 when
Kilauea made tremendous steam explosions. And this was

the time of sunspot mInIma. Which was the "eruption.'~

of the decade for the statistician of the textbooks?

This leads us to examine critically the list of eleveII­
year cycles for Hawaii cited in last week's Volcano Letter,
and to ask, "What are the distinguishing features of a
cycle?" Probably Mercalli in his Italian book on "Active
Volcanoes," and with his many years of experience as an
observer of Vesuvius, hit the nail on the head when he
said that the most distinctive feature of a volcanic cycle
is the short repOse period at its end. And this repose is
often initiated by explosion, so as to be called "eruption"
popularly. It is only on volcanoes such as Vesuvius and
Kilauea, where the magma is visible most of the time,
that these repose periods become striking. It is only when
we can see the repose period in contrast to a high pressure
period that has preceded, that we recognize its existence.
If the high pressure has asserted itself by intrusion under
a dormant volcano, seemingly always in repose except for
a sudden explosion which goes unexplained, nobody will
know about it. There may be a tide of flux and flow in the
urrderground magma which has lifted the mountain and
let it down again, but nobody has measured it. JI'he sudden
explosion may be the let down, as it certainly was at Ki­
lauea in 1924. It is clear that even for the well recorded
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Map showing successive outlines of Halemaumau
(1) Pit of 1912 with niches northeast and west.

Larger pit of 1922 after the first big collapse.

pit in the southwest part of Kilauea Crater during a cycle.

(2) Smaller pit of 1921 after nine years of building up. (3)

(4) Very large pit of 1924 after steam·blast eruption and
breakdown.

1924 End of supercycle 1924
1913 Quiet year 1913
1902 Quiet year 1901
1891 Kilauea breakdown preceding great drain-

age of 1894 1889
1880 Follows Kilauea breakdown, starts Mauna

Loa floods 1878
1869 Follows big breakdown both mountains 1867
1858 Quiet year following greatest lava floods of

history 1856

then pouring out of both the north and the south flanks in
discharges six years apart; Kilauea builds up its floor with
one of the greatest pre sures of its history and then ex­
ecutes a series of breakdowns. These histories accord
with the eleven-year cycle as a time of stress followed by
a time of rele:lse, and with the conception that this cycle
commonly involves both Mauna Loa and Kilauea as out­
lets for the same lava column. The details of sequence
vary to such extent as the breakage of the island varies
in yielding to the internal stress. The remarkable feature
of these histories is that in spite of the incompleteness of
the observations, there i such striking accord in showing
two repose periods separated by an intervening high pres­
sure period for both Mauna Loa and Kilauea.

ow when it comes to sunspots, let us keep in mind
Mercalli's principle that the breakdown, whether it be ex­
plosive and conspicuous or not, begins a repose period, and
the short repose or low period is the important punctua­
tion mark in the cycle. The following two tables serve to
compare low level quiet times in Hawaii with years of
minimum number of sunspots:

century of Haw'1.iian events, the only cycles that will bear
intimate analysis are the recent ones where the descrip·
tions are full.

The first reason for adopting eleven years i that this
figure exactly fits the carefully observed cycle between two
times of complete repose in 1913 aud 1924 at Kilauea. The
second reason for approving eleven years is by trial and
error; if we apply nine, ten, twelve, or thirteen years as
possible cycles for the events between 1790, the last y~eat

explosive eruption, and 1924, the newest one, none fits so
well the division ba 'ed on recorded repose periods as the
number eleven. The third reason for approving eleven
years as a cycle is that if we divide the 134 years from
1790 to 1924 into twelve cycles, we get 11.1 years as the
average for each cycle, and each group of about three
cycles leads to an unusually big crisis of lava breakdown
or subsidence. And a reason for taking an interest in the
sunspot analogy is that 11.1 years have been found by
astronomers to stand for the average interval between
sun pot maxima.

If we take the cycles at Kilauea and Mauna Loa im­
mediately preceding the 1913-1924 period, we find 1902-1913
beginning and ending with complete repose, exhibiting
Mauna Loa lava first in the summit crater and four years
later pouring out of the south flank, and Kilauea lava ris­
ing to repeated maxima with effervescence and then sink­
ing away. We find 1891-1902 beginning and ending with
complete repose, exhibiting Mauna Loa lava twice in the
summit crater and fianlly pouring out of the north flank,
and Kilauea lava rising to a tremendous maximum so as
to break the mountain and drain off. We find 1880-1891
following a repose in 1879 and leading to one at the end.
exhibiting Mauna Loa lava twice in the summit crater and

Low Levels Hawaiian Lava Sunspot Minima
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1 43
1 33

1 22
1 10
1797

1 51-55 launa Loa maximum, Kilauea maximum 1
1 36-47 Kilauea flood 1 40, ,fauna Loa flood 1 43 1
1 25·36 Kilauea and ,fauna Loa flood 1 32 1
1 14-25 Kilauea flood 1 23, .fauna Loa unknown 1
1 1)3-14 'nkown. but Hualalai flood 1 00-01 1
l'i . 3 Probable Kilauea flood preceding 1790

explo ion. and two flow reported
in Puna 17 7

The un'pot maximum xhibited a ,ery long inten-al
between 17 7 and 1 04, and thi was a turuine: point from
hill"h number to low numb r. of :un pot for the maximum
years. It \\'a al. a the turnin pain t at Kilauea for the
'up rcycle that ended wilh th explo ive eruption of 17 O.

Referring to the low numo rs of. Ull pots for some un·
spot cycles and high numb rs fOI" other', the HumphI' YS
curye ( appel', VulkankulIde, page 2721 show low valu s
17!l0·1 20, increasing valu s 1. 20-30, very high values 1,30·
'0, declining vaules 1 0-1!l20. The Hawaiian numb I' of
flow days roughly figur cI from existing descriptions was
v ry few 1790-1 20, about seven 1820·30, 132 1832-43, 411
1,'52-fi5, and then for six -l'lIp[ive p I'iods from 1859 to 1923
the fig-ures 307, 207, 247, 37, 2 , and 71. In other words
the flooding of lava in Hawaii to the high maximum in th
middle of the upercycle ahout the year 1 55 cOl"responded
to the higher maxima of sunspots in the nineteenth cen­
tury.

If the reader a k why ·un. pot· should have anythinl1;
to do with yolcanoe . the an 'wer i that nobody knows.
Time of maximum. un. pot. aff ct radio reception on the
arth, mae:neti m on the arth, and aurora in the ar'tic

reg-ion. U!l. pot are accompanied by l1:igantic eruption'
of rm on the Ull and colo,;. al lectrical phenomena in the
,'olar :y tern. If earth llla~eti. m and electricity are in
80m way a 'ociated wilh ~ra"ity. volcani m may he af·
f cted. If heat by the arlh': radio-activity affect yol·
eani. m, the sun may in turn affect the eart.h's radialion·.
Finally. if volcanic emanation. on the earth are ala. t
r mnant of solar proc : 'e: h reo tho. e proce e by un·
known mean may be ')"mpathetic with the un. T._ .J.

iug 1905
1 92·99 Three flow .Iauna Loa. Kilauea I n 94

maximum 1 93
1 1- ';' Kilauea and ~auna L a big flood 1 4
1 Ii .'j'j Kilauea ri ine:, ontinuou' ummit erup-

lion .launa Loa 1 .0
1 5(1-6 Three flow ,launa Loa, Kilauea ri ing,

overflowing 1 59

Hi~h Pre sure Hawaiian La\'a

1!l17-20 Kilauea and ;\Iauna Loa flooding
H103·07 Two flow :\1auna Loa and Kilauea ri .

1 4. Quiet year
1 36 ,'0 mention in record.. therefore quiet
1 25 Quiet year after great draina e of Kilauea

1 23
114 l'nknown
1 3 Quiet time followin~ Hualalai outflow
1.92 Repo e following upercycle cri i

of 1, 0 Declining un pot
In the e table the Kilau a year are at arbitrary

regular eleyen-year inten'al b ginning at 1924 and going
bac kward. and it will be • e n that for thi century the
interyal between unspot minima where notably longer
than ele\'en year. In mo.·t ca' if the actual year given
in th sun pot column had h n taken for the Hawaiian low
levels, they would have b n as n ar to the lava break·
down' a the year given In the Hawaiian column, but
. orne of them would have pre('eded the breakdown in tead
of following it. If the ObR l'\'alional data for Hawaii In
the arly years were a good a in the later ones, the
b !HIs of tbe Hawaiian CUI'\" might match many of the
sun spotless years more p 1'[ clly. But the volcano record
is very imperfect. "What this shows is that the repose
periods are remarkably sy temalic.

'When it comes to the sunspot maxima, we find til m
in the midst of the Hawaiian period of lava pre sure,
when within a cycle both ;\launa Loa and Kilauea were
f1oodiug:

Looking toward Kau Desert from high blUff west of Kilauea Crater January 3, 1921,
when the white glistening flows from Halemaumau were filling the southwest corner of

the crater. A maximum of flooding. Photo Jaggar.
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Looking west across the vast void of Halemaumau in 1928, after the breakdown of 1924 was complete, showing the dis­
tant wall of Kilauea Crater beyond the Halemaumau wall, and still farther away the snake-like flow of 1881 on the smooth

dome of Mauna Loa. Photo Wilson.

KILAUEA REPORT No. 1000

WEEK ENDING MARCH 22. 1931

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

The pit Halemaumau rater continues very quiet. A
slide on the north wall was ob erved at 3: 10 p. m. March
1. Fuming was ob erved at the two recently developed

ulphurous spots on the north ide of the 1930 floor the
forenoon of March 19, and some rocks were heard flUling
on the north wall. The pit ei mograph indicated two
very small tremors about larch 15.

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

with the tormer monthly Bull tin ot the Hawaiian Yo! ano Oh­
servatory. It is published we kly, on Thur days, by th Ha­
waIIan Vol a.no Research Association. on behalf of the section
ot Yolca.nology. U. . Geological urv y. It promotes experi­
men tal r ording of earth proc sses.

Readers are requested to s nd artie! s. photographs. publica­
tions and clippings about \'olcano and earthquake event. In­
strum nts and investigation. specially around the Pacific.

Subscription for non-members two dollars per year of 52 num­
b rs. Addr ss the Observatory.

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kilau a Vol ano belongs to tbe Hawaiian
Volcano Rpsearch Asso iation and is leased and operated by th
United tates Geolog! al Survey.

It maintains seismographs at tbr e places near Kilauea Vol­
cano. also at Hilo, and at Kealakekua in Kona District. lt

The seismographs at the Kilauea Observatory regis­
tered a slight earthquake felt at Kllauea. at Hilo, and in
Kona at 5: 29 p. m. March 20, with indicated distance of
origin 28 miles from the Observatory. and strong enough
to dismantle the east-west stylus. Very feeble shocks
were registered at 3: 09 p. m. March 20 and 6: 57 a. m.
March 16. the Ill. t accompanied by tilt to the southeast.
Twenty·two local tremors were registered. \Veakly rec­
orded dl tant earthquake occurred at 10:47 p. m. March
17. at 9: 56 a. m.. larch 1 ,thl indicating a probable dis­
tance of origin of 0 mile; and at :0 p. m. larch 1 .
Micro ei mic motion was light with orne increase March
19-20. and tilting of the ground was slight SW.

ke ps a journal of Hawaiian \'olcanic activity and publishes
OCC3. ional Bulletins.

)Iemb rship in the Hawaiian Yol ano R search Association i"
limited to patrons of Pacific cfence who desire per onally to
aid in supporting th work.

Th work of volcano no" arch so upporte<! is in collaboration
with th~ work of th l:nit d tat S Geological Survey, but sup­
p! m..nts it with buildlnln<. l' earch f Hows. instrumental plants.
x!.lorations and special investigations for which there is no

govt'rnmt'ntal provi ion. Th G o! Il'i al urvey maintains vol­
ano st.ations in Alaska. alifornia and Hawaii.
The Doard of Din'Clor' includ. Lorrln A. Thurston, Pre i­

d,'nt; Frank C. Atberton and "-allt'r F. Dillingham. Yle -PI' si­
d 'nts. L. Tenney Peck. Tr asurt'r; Wade "-arr n Thay r,
Arthur L. Dean. and Ri hard A. ooke.

l','rHonH desiring applieation hlanks for membership ($5.00 or
nlO1'(') should addr ss th' Se ·r~t.ar)·. Hawaiian Volcano R s arch
Association. 300 James 'ampb,·ll Building, Honolulu, T. ll.

'l'he Volcano Letter is not copyrighted. Editors pi ase redit,
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Map of the Pacific Ocean showing New Zealand at the southwest. Hawke's Bay is at the southeastern end of the North Island. Napier
is at the southwestern end of Hawke's Bay. This is the eastern border of a continental mass which falls off to deep water east of

New Zealand.
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GREAT NAPIER EARTHQUAKE NEW ZEALAND

On Frebruary 3, 1931, at 10: 4'i a. m. local time. a
terrifi earthquake occurred de troying the citie • -apier
and Ha lings at the south we t end of Hawke' Bay, an
indentation in the middle of the outhea tern end of the
'orth I land of Kew Zealand. Thi had been regi tel' d

perfectly on the seismograph at the Hawaiian Volcano
Observatory with indicated di -tance ,40 km. \Y.• which
che k ati factorily with the. 'ew Zealand location.

eimographs at the Dominion Observatory in "'elling·
ton how that 5 hock originating in the Hawke' Bay
district occurred during F bruary, the after- hocks
dimlni hing more quickly than those recorded after the
Mur 'hi on earthquake in 192. FOI' the fir-t day following
the initial mark of the heavy hock 151 earthquake IV re
registered in 24 hours. Mo t of the after- hock were not
felt in 'Vellington, but th large shock was.

Hawke's Bay is 60 miles southeast of the Taupo vol·
canic belt and lies on the E·SW mountain axis of New
Zealand well to the east of the belt which wa tricken at
Murchi on in the north end of the South Island June 17,
1929. In fact that 1urchi on fault belt if projected to the
northeast would have passed through the Taupo volcanic
belt. The New Zealand Herald reports official and other
lnve ligations about February 21 as follows:

'apier and Hastillgs are at the southwest end of
Hawke' Bay, Mohaka is in the middle of the long curve
of the bay, ,,"'airoa is at the north, Mahia i at the northern
penin ula enclosrng the bay, Gisborne Is farther north, and
Morere hot springs lie in between. Waipukurau lies far·
ther southwest than Kapler. Remarkable change in con·
figuration were found on the coa t near Mohaka in the
middle of the ba)'. Here the coa t line has taken a new
contour and owing to its uplift. re ident tate that one
may now travel dryshod along a new, wide. andy beach
as far as apier, a feat that would have been impossible
hefore even at lowe t tide. The upheaval, however, have
seriously affected only a narrow trip of coa tal land
around the bay. "'airoa was much Ie seriously afflict d
than Hastings and Napier.

The land was most shattered along cliffs and hills be·
tween Napier lld Mohaka. Inland a short distance no
trace is found of the crumbled hilltops with deeply fissured
sid s which are conspicucous at the shore. In ome of the
gorge', however, 100 e hillsirle' have fallen a way, ju t a
did the Bluff Hill at Napl r. In the e places the road i
blo ked or annihilated. Alluvial formations ill rivers have
subsided and cracked, and thi is what happened to the
embankment road at Napi r.

At :\lohaka ther I evid n e of a tron~ upthru t. The
cone pond nt felt an earthquak while there, . iving the
sen ation 0 omebody Lapping upward beneath the earth'
cru t with a huge hammer. and workmen said that wa
how all the shake had f It around l\lohaka. There wa
dir ct evidence of an upward and downward movement.
In the hill above the laori village the floor of an entire
vall y ha 'unk at lea t 50 feet in a crumpled rna .•1any
of the ridges for miles around l' embled newly made fill·
Ings, while the main road has di appeared entirely for
about haH a mile. The most I' markable evidence of the
tremendous forces brought into play i een near the
mouth of the l\1ohaka River. \\'ithin a di tance of about
five miles three new peninsulas have been thrown out from
the shore. and there has been a general rise in the level
of the beach. Where the rhr I' enters the sea a bluff has
be u shaken down into a heap of dust and clay bowlders.

A huge area of the ea i di colored with the discharge
from the river which, after the middle of February, began
to overflow a hUl;'e land lip dam which had blocked it for
about 10 mile inland, • 'orthward there juts out a promon·
tory of what was formerly about 200 acre of pa ture, and
outhward a bluff lie in ruin on one of the longest penin·

sula formed by the upheaval. There are several of the e
upheaval along the coast. On the bluff in question about
1 0 acre of land were 10 t. and plant which originally
gr w ju t abO\-e the wat I' level at the foot of the cliff ,
wel'e ub equently found growing near the top of the land·

lip, Thi indicate that the hill were thrown out from
the ba e dropping down a blo k of the back land, and
carrying beach hingle. sand. and driftwood up so a to
overlap the sunken land behind. A big fi h was found 50
feet above the water. hell and flot am can be seen at a
height of about 70 feet on the Ilew ground, and this earth
is 0 convulsed and contorted that the journey over it is
lik climbing iJl a miniature mountain range.

Homesteads and farm buildings all along the coast
suffered severely, but the effects on bulding diminish
rapidly toward the north and toward the interior After·
shocks were common and residents say they were accom·
panied by booming noi es among the hills. They ound
like heavy object dropping. While there are blockages
in the rivers, most of them are open except in the 'a e of
the uplift of the coa t above noted. 'Vhen rain come the
whole country will be ubject to tremendou surface
changes.

An investigation by the Geological Survey reports that
the maill fracture lie ea t of apier, passing through the
principal earthquake center under the ea in Hawke's
Bay as determined by the eismographs. There is a pro·
unounced uplift of the ea floor and of the coa t we t of
the fracture line. "0 many factor influence the height
of the tide that it i difficult to determine a change of a
few feet in the level of a coast. :-.10 change was detected
at the mouth of the 'gaururoro River. At 'apier the up­
lift was about ix feet decrea ing outhward. At Petane
just to the north of 'apier it Is six to eight feet, and at
\Vhakaari still farther north, perhaps seven feet. The
harborma tel' at , airora is sure there has been no change
in level there. These scanty observations make it appear
that the coast has arched gently Oil a uortheast line, the
crest of the arch being north of Napier. Assuming ,hat
the amount of coa tal uplift is a mea ure of the violenc
of the earthquake. the cent I' of the di turbance wa some
mile northea't of 'apier below the floor of Hawkes Bay."

! 'apier suffered great I' damage than Hasting, Ha lings
more than ·Waipawa. and \Vaipawa more than \\'airoa. The
report tate that fi ur in allu,ium were remarkably
abundant along river and in localitie where there wa' no
lateral uPPOrt for filled-in material. In place the ground
had tretched 12 feet in a few core yards, water and sewer
pipes having been disrupted, and dwellings greatly dam·
aged. The "'e t hore auseway built across a mud flat
area had pread and the roadway split and collap ed
through lack of lateral upport. The banks of the chief
tidal channel had clo'ed in on a bridge. forcing the top of
one set of pile from under the ends of the girders upport·
iug a span of the bridg. At many point along the coast
shingle beache had 'lumped either toward the ea or
backward toward the lagoon behind them, and the surfaces
were ridged by a rie of parallel step and trenches.

The displacement o[ alluvium narrowed the river chan·
nels, and raised their b ds, making it likely that their dis,
charging capacity during floods will be seriously dimin·

---------------------
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ished. During the earthquakes large quantities 'of water,
sand, and silt issued from fissures in the ground. The
origin was a water-saturated. sand layer below the surface.
Land slides were not nearly so prominent as they were in
the Murchison district in 1929, where the hills were steeper
and the climate wetter. Theil' distribution showed that
they depended largely on local conditions ranging in
quality from vast landslips involving many millions of
yard of rock to mere downward creep of the soil mantle
on the hills. Pressure ridges appear to mark the surface
trace of an important earth fracture through the Poukawa
Valley extending northeast about six miles. The ground
northwest of the fracture is fissured and swollen and that
on the southeast side unaffected. It appears probable that
the earth block on the northwest side moved. The move·
ment was toward the east. Probably it follows a weak
layer interbedded with the strong limestone bands. Prob­
ably also, movement occurred along several weak layers.
This suggests that the movement was distributed over a
zone several miles wide.

An investigation by a government vessel taking sound­
ings for three days north from Napier indicated that the
bed of the roadstead had risen in parts from six feet to
seven feet, but in places the soundings gave the same depth
of water as is shown on the charts. Nothing less than 33
feet of water was found from two miles off shore to half
a mile from the breakwater at Napier, the sounding being
on the line of beacons leading to the roadstead. The in­
vestigations show that the anchorage in the roadstead is
just as safe for shipping as it was before the earthquake.

With reference to earthquake-proof construction, the
following quotations from a sensible article by Archdeacon
K. E. MacLean are pertinent quite as much to other places
as to New Zealand. The Archdeacon asks whether suffer·
ers by the earthquake need believe that the disaster was
a divine punishment. He cites the case of a man who gets
sunstroke by going out without his hat. We are sorry for
him, but we say bluntly, "It was his own fault."

"To be quite honest is not our position much the same?
We know what earthquakes are. We know a good deal
about how and why they happen. We know there are
faults in the earth's surface and that the countries near
those faults are liable to earthquakes. We know-we al­
ways have known-that ew Zealand is one of these coun­
tries, and that a bad earthquake might come at any time.
Yet we came knowing this and lived here and shrugged our
shoulders about earthquakes."

"Our fath~rs, who remembered the earthquake in Wei·
lington in 1855, warned us against brick houses and high
chimneys, but the years went by and more and more brick
houses and tall chimneys were bUilt, and the years went
on and they stood. It was quite possible to build earth·
quake-proof houses in wood or brick, or concrete, but it
was expensive, and we wanted money for other things.
It wa quite possible to build chimneys in ordinary houses
which had not got a tight collar of wood around them at
the flashing, but we did not bother."

"It was quite possible to follow sound principles of
construction in building shops and offices, but no one cared
and no one asked for it. So up went the flimsy, showy
walls and the heavy copings. It is not the fault of anyone
in particular. Architects, builders, and workmen just
shared the common mind and built their own houses in
just the same way that they built houses for other people.
We are all in this together. It was public opinion that it
did not matter."

"Two years ago the Murchison earthquake happened and
we said, or nearly all of us said, 'Poor beggars! Come and
live in Hawke's Bay and be safe.' And we went on living
happily in the death trap we had built. Then, on February
3, the earth wriggled for a minute. The fault settled down
a bit more. \Vho caused the death and suffering? Only
if we face this honestly shall we live more wisely in the
future."

This wise comment applies equally to all lands around
and in the Pacific Ocean. T.A.J.

KILAUEA REPORT No. 1C01

WEEK ENDING MARCH 29, 1931

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

No significant chang" have happened at the Hawaiian
volcanoes and the fire pit at Kilauea is quiet. Thirty
tremors were registered on the seismographs of the Ob­
servatory at Kilauea and three very feeble local seisms,
one of these at 7 p. m. March 2:5 indicating origin distance
2 miles, and cne at :11 a. m. l\Iarch 29 a distance of five
miles. A tremor at 9: 05 p. m. :\larch 27 lasted eight
minutes. A strong distant earthquake began at 2: 21 a. m.
March 28 local time (10 hours, 30 minutes slower than
Green wich) and indicated origin distance 8,830 km., ap·
parently ·WS'V. from station, which would locate it near
the west end of New Guinea or the eastern part of the
Dutch East Indies.

Tilting of the ground was moderate to the south, and
microseismic motion was slight for the week.



Page Four THE VOLCANO LETTER

Ngauruhoe Volcano in the Taupo belt of the central part of the North Island of New Zealand.

This shows the volcano as seen in winter from the east, marking the line of active vol·

canoes which lie 60 miles northwest from Napier.
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Steam-blast eruption at Halemaumau pit about 8:30 a. m. May 22, 1924, show­
ing tendency to spiral vortex and dark electrical cloud forming above. Photo

Tai Sing Loo.
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THE GIREAT ERUPTION OF KILAUEA IN 1924
Much has been said in recent numbers of the Volcano

Letter about the supercycle of 134 years which ended in
the tremendous steam-blast eruption of Kilauea in the
month of May 1924. The present covering of gravel and
bowlders on the lava around the sides of Halemaumau was
all thrown out during those three weeks in a series of
violent upward jets of steam charged with rocks and sand,
something which none of the present generation had ever
seen in Hawaii. A much bigger ejection of this kind hap­
pened about 1790, and in 1 23 there were steam jets that
threw up gravel in the lava-flow crack east of Pahala.
There are some fragmental stones evidently thrown out
explosively around the crater Mokuaweoweo on top of
Mauna Loa: no one knows their date.

The sequence of events in 1924 was like what had hap­
pened in May 1922, when there had been:

(1) Sinking of the lava column.
(2) Great enlargement of Halemaumau pit with aval-

anches.
(3) Cracking open of the Puna rift to the east.
(4) Southerly tilt and many earthquakes at Kilauea.
(5) Cauliflower dust clouds rising.
What was different in 1924 was the subsidence farther

away along the Puna rift (and no lava flow such as had
broken out at Makaopuhi in 1922), this occurring in April
of 1924 at the east point of the island with lowering of a
big block of country, spreading open of cracks, and sinking
of longshore vegetation below sea level. Then after the
cauliflower clouds had been rising for several days from
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Kilauea floor west from Halemaumau May 31,1924. Shows bowlders and ash cover·
ing the lava surfa::e. Photo Emerson.

Great enlargement of Halemaumau pit in May.
Avalanches at Halemaumau making cauliflower

huge avalanches tumbling into Halemaumau early in May,
people began to notice a booming concussion in their ears.
and stones began to be flung up and out, instead of merely
faIling down and in. The so-called eruption was therefore
a gradual growth beginning the end of April with a col­
lapsing bottom of the pit that was not at all unusual, pro­
ducing ejection of rocks first on tlle night of 'May 10-11
that was very unusual indeed, and tben exhibiting a series
of violent steam blasts, at intervals of several hours, for
10 days following lay 13. This crumbled away the edge
of the pit so that the former rim migrated back on all sides
for 700 feet, as the geyser-like steam blasts accompanied
gigantic engulfment of the walls of the shaft. May 24th
was the last peak of explosive intensity, and thereafter
the new type of activity waned and ended about May 28,
with avalanches and earthquakes all that remained, these
dwindling during June.

The summary of the 1924 sequence was then as follows:
(1) Sinking of the lava column in March.
(2) Cracking open of the Puna rift far to the east

April 22.
(3) Subsidence of a fault block at Kapoho in Puna.
(4) Southerly tilt and increasing earthquakes at Ki­

lauea.
(5)
(6)

clouds.
(7) Same cauliflower clouds containing steam blasts

upward, May 11.
() Engulfment of pit walls in May.
(9) Steam-blast spasms two hours apart May 13,

thereafter less often.
(10) Ejection of stones, maximum May 19.
(11) Duration explosive spasms, maximum seven.

hours May 19.
(12) Electric storms maximum May 17-19.
(13) Felt earthquakes maximum May 22.
(14) Total earthquake frequency maximum May 24.
(15) Cessation of steam-blast phase May 28.
(16) Glowing intrusive body exposed in pit wall

June 12.
(17) Adustment of pit walls June-July.
(18) Liquid lava in pit bottom July 19-31.
The diagram on Page Four shows how these various

features waxed and waned between May 10 and May 27,
the numbers of explosive spasms taking the lead at the

beginning of the eruption and the numbers and intensity
of earthquakes dominating the situation at the end of the
eruption, when the other features were declining. The
conspicuous mud rains accompanied electric storms of the
period between May 15 and May 19. The caving-in of the
rim of the pit began at the southwest where lay the Kau
Desert rift of 1920. and where the enlargement had taken
place in 1922. Then the breaking-in of the rim followed
around the circle to the south, southeast, northea t, and
north until the breakdown was balanced by collapse at the
northwest. Then there was more collapsing all around the
previous outline of the pit. The greatest engulfment was
accomplished during tbe times of maximum steam blast,
maximum duration of spasms, and maximum intensity of
earthquakes. The greatest break-down of the walls ob­
served took place May 21·22 when there were incessant
avalanches. These were the two days following the ex­
plosive maxima.

To give the reader an idea of what happened we may
quote from the journal of the Observatory a few item of
May 17-1 : "A station was occupied during the night May
16·17 on the gravel spit southwe t of Keanakakoi. There
were explosion at 1: 20 and 1: 27 a. m., a continuous roar
from 2 a. m. on, an avalanche cloud at 2: 2 a. m., increased
roar 3: 19 a. m., and at 3: 20 a. m. the noise increased, an
explo ion occurred, a few red-hot rocks were thrown out
southeast from the pit, and one minute later a few came
out from the east side. At 3: 32 a. m. the cloud had become
enormous, the roar was continuous, pisolitic mud began to
fall, and at 3: 35 flashes were seen in the cloud over the
pit. At 3: 42 there was a roar lasting four seconds accom­
panied by a slight earthquake, and by now the cloud had
spread out like a fan over almost the entire sky."

This sort of record was maintained for many days at
the Observatory, and the seismographs showed tilts, pro­
longed tremblings, and' numerous earthquakes, and re­
quired incessant attention restoring the pens to the drums.
During the month ended May 31, 1924, 3,961 local earth­
quakes were registered, the maximum being 467 in 24 hours
on May 24. Harmonic tremor appeared on the seismo­
grams April 19, becoming moderate to strong after May 6,
and decreasing May 16 so as to become very slight before
the maximum of explosive activity was reached May 19.
Probably the harmonic tremor was due to lava surging,
which had receded to such great depths by May 17 that it
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Rill-marked new ash May 29, 1924, south margin of Kilauea
Crater. This ash layover the country like drifted snow, and
the rain gullies trench through to the old ash of 1790. Photo

Emerson.
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did not register. In 1924 the tilting of the ground at the
Observatory in a south and southwesterly direction
amounted to 88 seconds of arc between January and June,
58 seconds of this was during May, and the most rapid
tilting took place just preceding, during, and immediately
following the great engulfments and steam blasts. There
was no good correlation between the number of earth­
quakes and the explosion days, true earthquakes increased
on days when the steam blasts were inactive, but a pe­
culiar shaking accompanied the explosions which gave long
drawn out seismograms that built up gradually, without a
preliminary tremor like a true earthquake, continuing for
half a minute or so, with a period of 0.5 second, and then
died away gradually.

Continuing the journal of May 17: "The pit was visited
after 9 a. m. and found greatly enlarged so that rim had
gone back 200 feet. Depth appeared over 1,000 feet, bot­
tom was flat and covered with talus material, steam was
rising without pressure and creeping across the floor irreg·
ularly in small continuous cottouy clouds. The upper walls
of the pit appeared to slope inward at 60 0

, approaching
verticality farther down, so that the avalanches had a free
fall to land with a tremendous crash at the bottom. Often
the rock fell with a pattering sound. The cracks across
road 2,000 feet southeast of Halemaumau bad widened and
there were numerous other cracks between there and the
pit. The Kilauea floor near the pit was now covered with
bowlders in large number, locally extending a half mile
from the pit and in places there was at least one fallen
fragment for every square foot. Some bowlders weighed
several thousand pounds."

"At noon came one of the impressive explosions, caus­
ing great consternation among visitors. At 12: 02 p. m.
came a roaring noise and a big dust cloud, accompanied

by a moderate earthquake. At 12: 32 p. m. there was a
roar with sharp crashing noise lasting 50 seconds, and a
very heavy black cauliflower cloud rose, much bigger than
the one of the early morning hours. At 12:35 p. m. 15
explosive outbursts rose in the course of 11 minutes, accom­
panied by continuous roaring, and loud crashes of thunder
made frequent lightning flashes very low over the Ob­
servatory. Showers of rocks were heard falling heavily.
At 12: 45 p. m. dust and sand fell for 25 minutes. A visit
to the pit after this explo ion showed newly fallen hot dust
in a thick layer near the rim of the pit which had singed
the grass farther away. The only ga noticed in the steam
exhaled was a small amount of sulphur dioxide."

"May 1. At 11: 07 a. m. began a great culminating
explosion with tremendous dust cloud and ejected rocks.
At 11: 09 there was a second explosion plastering the area
northeast of the pit with hot sand for several hundred
yards. At 11: 20 a. m. there was a steady loud roar and a
fall of pi olitic mud at the Observatory. There was an
Observatory party near the pit, and during the barrage of
11 :09 a. m. Mr. Truman Taylor was fatally stricken down
by bowlders and sand on the Kilauea floor about 1,800 feet
southeast of Halemaumau. He was rescued, but died after
being removed to a hospital. The observers were on the
sand flat farther to the southeast and when sitting on the
ground one could feel numerous quakes and a rumbling was
heard. At the 11: 09 explosion came a wave of increased
air pressure that was painful to the ear drums. One of
the rocks' weighing over 300 pounds landed on the 1921
lava of the south embayment of Kilauea Crater, and an­
other bowlder weighing eight tons fell at the landing field,
made a deep impact cavity, and broke, the fragments
bouncing and partially burying themselves on the side re­
mote from the trajectory. An intense electrical storm fol­
lowed." T.A.J.
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llemaumau May 31, 1924. Shows bowlders and ash cover­
the lava surfa::e. Photo Emerson.
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Eight-ton bowlder thrown 3500 feet southeast from Halemaumau
May 18, 1924. Photo Tal Sing Loo.

b ginning of th rupt!on and the numbers and intensity
of arthquakes dominating the situation at the end of the
eruption, when the other features were declining. The
conspicuous mud rains accompanied electric storms of the
p riod between May 15 and May 19. The caving-in of the
rim of the pit began at the southwest wIler lay the Kau
Desert rift of 1920. and where the enlargement had taken
place in 1922. Th n the breaking-in of the rim followed
around the circle to the south, southeast, northeast, and
north until the breakdown was balanced by collapse at the
northwest. Then there was more collapsing all around the
previous outline of the pit. The greatest engulfment was
accomplished during the times of maximum steam blast,
maximum duration of spasms, and maximum intensity of
earthquakes. The AT atest break-down of the walls ob­
s rv d took place May 21-22 when th re were incessant
avalanches. These were the two days following the ex­
plosive maxima.

To give the reader an idea of what happened we may
quote from the joul'l1al of the Observatory a few items of
May 17-18: "A station wa occupied during the night May
16·17 on the grav ] spit southwest of Keanakakoi. There
were explosions at 1: 20 and 1: 27 a. m., a continuous roar
{> n ~l __ ~l_ ~ _'~ l .~. n nt"'o ~ __ ~~~ __ ~._,l

I sequence was then as follows:
. column in Mar ·h.
the Puna rift far to the east

lit block at Kapoho in Puna.
increasing earthquakes at Ki-

Ito Halemaumau early in May,
,ming concussion in their ears.
, up and out, instead of merely
>-called eruption was therefore

the end of April with a col­
at was not at all unusual, pro­
st on the night of May 10-11
d, and then xhibiting a series
Intervals of several hours, for
This crumbled away the edge
rim migrated back on all side
ike steam blasts accompanied
walls of the ·haft. May 24th
,sive intensity, and thereafter
,ned and ended about May 28,
.lakes all that I' main ed, these



Page Four THE VOLCANO LETTER

Diagram showing curves of measured activities taken from the tabular summary of
the Kilauea steam-blast eruptions May 10-27, 1924.

KILAUEA REPORT No. 1002

WEEK END! G APRIL 5, 1931

Section of Volcanology, U. S. Geological Survey

T. A. Jaggar, Volcanologist in Charge

Kilauea remains inactive and without noteworthy

changes at the lava pit Halemaumau. There is still steady

fume from vents near the north-central part of the pit floor.

Steaming has lessened on the south talus.

A peculiar slow-period tremor recorded with more or

less regularity on the pit seismograph 4 to 10 a. m. April

2 and again April 4. These were also noted on the instru­
ments at Uwekahuna and the Observatory.

The seismographs at the Observatory recorded an in­
creased number of disturbances during the week. There
were 57 tremors, including 5 minutes of continuous tremor
April 3 and 20 minutes of continuous tremor April 4; and
there were 3 very feeble seisms, and 1 feeble shock occur­
ring at 12: 20 p. m. April 4. Phases of the last indicated
32 miles distance to origin. In addition on April 5 a very
weak teleseism recorded at 8: 30 p. m.

Tilt for the week was moderate to the south. Micro­
seismic motion was moderate March 30 and 31 and at other
times slight.
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Halemaumau from the northeast rim, June m, 1923, when t he lava was liquid from cliff to cliff 129 feet below the edge.
Photo Jaggar.

EVENTS PRECEDING THE GREAT ERUPTION 1924

As the steam-blast eruptions of Kilauea in May 1924
represented the end of the supercycle of 134 years and of
the last of the 12 eleven-year cycles with its peculiar term­
inal characteristics, it is profitable to inquire what prophetic
occurrences filled the years just preceding the eruption.
For the similar eruption of 1790 we have only the hint in
the tradition of the natives that there was a lava flow in
Puna off to the east of Kilauea about 1788.

Until 1921 when in March there was a maximum of
overflow from the actual lip of Halemaumau pit inside of
Kilauea Crater, no very marked breakdown of the rim of
Halemaumau had occurred, the pit outline enclosing the
overflowing lava column was about as small as it had been
in 1919, and the only outflow from the flank of Kilauea
Mountain had been the Kau Desert activity of 1920. After
the 1921 overflows the lava of Halemaumau subsided twice
moderately with recovery of the lava following the sinking.
Thus it may be said that until May 1922, or just two years
before the great steam-blast eruptions, the only events that
predicted those eruptions were (1) the supposition of a
supercycle about 132 years long after 1790; (2) the general
decline in volume of Hawaiian flows for the last half of the
supercycle after 1855; (3) the down-hill progress of

flank outflows from Mokuaweowe:> 1914, to Puu 0 Keokeo
1916 and 1919. and then to Kau Desert 1919-20; this outflow
from the flank of Kilauea was a suspicious new feature.

We read in the journal of the Observatory May 13,
1922, "This day was the end of the prolonged rise." The
liquid lava had risen to a point 49 feet below the rim, foun­
taining and splashing activity varied, outer pools of lava
between inner crags and the rim of Halemaumau often
overflowed their banks, flames were abundant, and an oven
cone on a crack outside of Halemaumau in the floor of
Kilauea Crater showed glowing slag about 50 feet down.
Then in the third week of May the rising which had started
in November 1921 ceased, and by May 21 the lake level
had dropped 300 feet steadily and majestically, the crag
peaks between the pools maintaining their identity as they
went down. Avalanches from crags and walls were num­
erous. There followed swarms of earthquakes, many of
them perceptible over the island of Hawaii. The shelf of
new lava caved away, making glowing avalanches. The
crags and lava lakes were enveloped in debris slopes.
Avalanches increased and sent up cauliflower clouds of
dust. On May 26 this made a thunderous roar heard many
miles away, the rim of the pit was generally carried away,
and at the southwest the collapsed rift made a smoking
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The Chain of Craters rift of August 25, 1923, with lava spatter in the trees
and sulphur along the flow·crack in the forest. Locality west of Makao­

puhi. Photo Emerson.

canyon extending Halemaumau 5110 feet in that direction.
Th pit wa enlarged from an o\'al of ma:"imum diameter
about 1.400 feet to an in ~ular cavit}· 2.0 0 fee long by
1.500 feet wide. By .1ay 31 the lop of the lava column had
'ub ided at lea t 1.00 f et and the vacant c3.uldron wa
floor d with debri 61 f t down. At p. m. ~\Iay 2 lava
fountain broke out on the 'id of, Iakaopuhi Crater (end
of hain of Crater Road) a:onl\" thp rift ea t, and it wa
e\'ident that the great eastern rift wa receiving the under·
ground drainage f om Halemaumau and vomiting up a
little of it in these local eruption~. ThL outflow was all
at lower level than the Kau D sert outflows of 1920. In
the map on Page Four Mo.kaopuhi is near the letter "P"
of Puna.

The lava column wo.· ex cuting pulsations of sub·
sid nce, but the mountain edifice had not ret yielded ufIi­
cieutly to let the lava of Ilalemaumau escape under the
oc an to the east. Superficially the lava crust oliditied in
Makaopuhi and N'apan. in July aud eptember of 1922 the
liquid slag burst through the lalu lope of Halemau au
and ,tarted to fill the bottom of tha t pit, and pul ation
of ri in~ followed u that at the nd of June 1923 a ea of
laya with a narrow helf around it border extended from
cliff to cHI! only 129 feet belo\\ the edl\'t! of Halemaumau.
The sequence of event alway: ugge t that the ba altic
melt ha an unconquerable ga: potential actuatin~ it, but
the pre ure of the big mountain .:lab . now yielding a
little 0 the gas expansion. and now a~ain rea erting it·
elf und r gravitation. ontrol.- what the ga in olution

can do. According as the edifice break down or split
apart in spasms through the age', the o·called eruptions
of lava break out or fill the pit as directed by the yielding
of the mountain slab. A glanc at the map of Kilauea
shows that it consists of a seri s of big slabs on the south·
eastel'll slope of Mauna Loa which have been lipping sea·
ward for ages.

On August 24, 1923. the lava in Halemanmau was still
high, only 220 feet down, but a subsidence had begun.
Local earthquakes became numerous, by August 26 the

hottom of the pit 'a: full of enormous jagged and tilted
block and hardly any tir wa' vi 'ible except where lava
wa.. treaming out of a ra'k at the outheast. By Augu t
2 Halemauman ";a. floor d with a tumbled ma of broken
blo k 564 feet down. and a n w crack in the hain of

raters country was poutin lava and ending up white
fumes full of poi onou • ulphur vapor. This wa in the
for t west of l\lakaopuhi. and the photograph on Page Two
shows the sulphurous tain along the flow-crack and the
la\'a spatter in the tre The belt of cracks extended
north and south for a width of 500 feet and a length about
2, 0 [eel. Patches of sluggiSh pahoehoe developed at both

nds of the crack b It, round holes were produced along
the rift lined with new lava, small ones and innumerable
tree molds were formecl, and patches of sulphur appeared
in certain places. In S ptember the lava reasserted itself
in the bottom of Halemaumau and began to rise. The ooz,
ing up of lava near Makaopuhi la ted only a few days, the
visible steam there ontinued for months, and hot vapor
along the crack de\'elop d blue·green algae, these hot
place till per istin cr in 1 31.

Again there wa revival in Halemaumau, and again
the great ea of lava wa only 121 feet below the rim of
the pit on January 2•. 1924. Thi was followed by the ame
kind of lowering which had occurred in Augu t of 1. 23.
leaving in February and. Iar h a collap ed tumble of debri
with a glowin cr hole about 400 feet down.

The event of April 21 at Kapoho near the ea t point of
the i land of Hawaii wa. unprecedented for the pre ent
generation of men. Prolonged, mild quaking began. there
vere everal hundred ho k for three days, the ground
racked open in e\'eral directions, cracks from six inches

to nine feet across yawned athwart the roads with a
gradual proces~ of opening, and the principal movement
proved to consist in a lowering of the fault-block south of
the Kula cliff shown in the photograph on Page Three.
This was an old fault·scrap facing southward. The block
which moved was about four mlJes long east and west. by
a mile wide north and south, and it apparently hinged
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Section of \olcanology, '. . Geological Survey

T. A. Jaggar, Volcano!ogi t in Charge

On April 7 at 3: 30 p. m. no changes were observed at

Halemaumau pit, no tremors w re recorded on the pit

seismograph, and ther was a little steam on the south

talus. On April at 2: 40 p. m. a IDall avalanche caus d

liu t to rise from the pit. A little fume still ris3s [!'Om the

\llphur pots, and the western of these is brighter yellow

than the others. On April 11 at 10 a m. the 1930 cone at

the top of the new lava heap of 1a t ,'ovember had caved

in a little at it upper edge. The pit ei mograph indicated

a \ldd n tilt away from the center between the 7th and

th of April.

The Db ervatory sei. mograph indicated 17 tremor

tor the week ending at midnie;ht April 17, two of the e on

pril lU being continuou. for period of 2.5 minute and

I minute, re pectively. Tilting of the ground wa vel'Y

light.'. ·E. and micro ei mic motion very slight.

TILTI G OF THE GROUND FOR MARCH

The following figure' 'how the net amount of tilt by
week at the Observatory on the northea t rim of Kilauea
Crat r. and it direction. com put d from the daily ei mo­
ram by platting a curve 'IDoothed Y overlapping pro·

about the cracked zone on it south side near Kapoho vil­
lage, and lowered the mo t along the Kula cliff on it north
ide. where the ground a the foot of the cliff gently drop­

ped in the course of a few hour trom 9 to 13 feet. Thi
movement extended all the way to the ea at the ea t,
with gaping cracks along the line of the cliff. and the
lowering at ea level made new alt water lagoon and
drowned the long hore vegetation. There was not a single
big earthquake in the who!e rie of shocks. The fault
blo k moved almo t a though it were pIa tic_ Hou e and
tank which tood at a quarry again t the fault cliff were
lowered bodily and I' mained ere t. Releveling of the
ground showed a new profil 9 f t lower than before outh
of th quarry, and one foot lower than before at Kapoho
station.

This April crisis at the ast was the last premonitory
happening before the Kilau a steam-blast eruption. It
was led up to by earthquakes along the eastern rift whl h
seemed to indicate that the lava wa splitting its way in
that direction. When the gr at crash came in Halemaumau
in May. the uppo ltion appear d to be justified that the
lava escaped under the ocean to the ea t. The diagram at
th top of Page Four exhibits one of the characteristic la\'a
pul ations that led up to the gr at engulfment. T.A.J.

Kula fault of April, 1924, near Kapoho, east point of Hawaii. The foreground
dropped about 10 feet, the country was seamed with cracks, and scores of earth­

quakes occurred. Photo Emerson.
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April 23, 1931

THE PEAK OF THE VOLCANIC CYCLE

In recent numbers of the Volcano Letter, beginning
with No. 319, there have been reviewed the events of the
last twenty yeals of Hawaiian eruptions, this review lead­
ing to a discussion of the eleven-year cycle from 1913 to
1924 as a type of twelve such cycles since 1790. Last week
we discussed prophetic events which preceded the great
steam-blast eruption of 1924, and in No. 328 that remark­
able eruption was described. Pulsatory risings of about a
year each followed by collapse and flank outflow were the
features forecasting the grand crisis, and that crisis itself
was an unusual colla;>se over lava that receded deeply. The
immediate recovery of the lava and its appearance in the
bottom of Halemaumau in high spouting fountains within
two months after the time when the steam blasts ceased in­
augurated a new cycle. We are living in the midst of that
cycle, now characterized by small manifestations of spouting
lava in 1924, 1926, 1927, 1928, 1929 (twice). and 1930. The
1926 happening began at the very top of Mauna Loa. so
that the conclusion seems justified that the gas energy
within the underground lava itself was not exhausted in
1924. ,Vithin two months hot and very vigorous lava was
spouting in the Kilauea pit, and within two years it was
bursting out through cracks 13,000 feet above the sea in
Mauna Loa. What was exhausted, then, was the patience
of the mountain in consenting to yield, now here, now
there, more and more until 1919-21 when both Mauna Loa
and Kilauea were inflated and let the lava squirt up through
cracks. Then the great mountain blocks had been so up-

lifted and loosened that they even let the lava ooze out
under the ocean somewhere east of Puna in 1924 about May
and June, when the ground water flowed into the chamber
under Halemaumau, and the steam puffed up like a freight
engine. But the coldness of the Pacific conquered the sub­
marine oozing slag, the frothing melt backed up into the
Halemaumau conduit and reappeared in July 1924, the
mountain blocks settled down hard owing to what had been
Withdrawn, and to their enormous weight, and the gas in
the deeper magma was no longer able to lift them. The
weight control of gravitation had again asserted itself.

This weight control of gravitation in a volcanic moun­
tain, or better in a volcanic island consisting of several
mountains, is like the spring control of a safety valve on
an engine, opening only when the internal lava pressure
has passed a certain minimum. The internal pressure
under the volcanic island may be thought of as accumulat­
ing at a steady rate through the ages. The island safety
valve has two or three openings, Mauna Loa, Kilauea, and
Hualalai, with a heavy shell over cracked blocks de­
termined in weight by the accumulation of the ages. This
weight accumulation is operating against the pressure ac­
cumulation. Once in eleven years the underground lava
gradually and irresistibly forces itself up into cracks under
the several openings and extends out along the rift belts
that break up the mountains into blocks. How this hot
matter grades down into a pudding having horizontal ex­
tension we do not know. There may be subordinate pud­
dings under each volcano dome led up to by old cracks ex­
tending down into bigger and deeper puddings representing



Page Two THE VOLCANO LETTER

May 10. 1919 looking NE. across main lava lake in Halemaumau from the top of t

and indistinguishable. The photographer was thus standing on the top of the m
right and left are live lava, wholly inside the pit. Central part of lava dom

ancestral domes. The height and size of the mountain
puddings inside the island. and their su ply of gas from the
larger and deeper pudding, are what determines whether
Mauna Loa or Kilauea shall erupt. If the weight control
of Kilauea. the lower mountain. relative to its private pud­
ding. is greater than that of Mauna Loa relative to its
higher and larger internal pudding, it will be the higher
mountain Mauna Loa which erupts. The yielding of each
particular edifice relative to its internal lava expansion is
what determines eruption. For the lava is not to be
thought of as a rising liquid. but rather :13 a local expand­
ing body of paste full of frothing ga .

The yielding of the edifice needs clear definition. If a
mountain block merely lifts on the flank of a pudding of
underground slag. it does not weigh any Ie ,and moreover
solid ba alt is heavier than pasty lava. Therefore hat
happens i' an arching up or :1 tilling ot blocks, and if new
lava from below in;;erts itself into a mosaic of blocks up
vertical cracks. it must spread the mountain apart hori­
zontally. The eleven-year yielding i;; merely an average
resultant of arching and tilting of blocks. swelling and
penetrating f)f the lava. permission by the blocks to be
pushed sidewise, slipping downward of those blocks which
are on the slope toward the s a, breaking open of cracks
at the surface to release pressure and start foaming in
some parts of the lava, letting out of a large volume of
paste. and re-assertion of weight to re ·train the foaming
by new flows on the upland or settling of crater fills. By
"blocks" are here meant the big slice of m::nmtain shell
that lie between the important fault-rift. The e shells
are miles wide and tens of miles long.

As there are big blocks of rock in this sense between
the flow rifts of Kilauea and those of Mauna Loa which tip
and squeeze the Kilauea pudding when Mauna Loa out­
flows come to an end. having lifted the shells and re-

leased the Halemaumau lava while the Mauna Loa flows
were in action, it is easy to understand underground con­
nection between the two volcanoes such as was described
in the subsidences at Kilauea of 1914, 1916. and 1919 (Vol­
cano Letter -0. 324). Each of these sinkings came just
at the encl of a Mauna Loa tlow period. Each Muna Loa
tlow period was accompanied by a gradual gushing of lava
and ri ing in the Halemaumau pit of Kilauea.

The peak of tile volcanic cycle 1913-24. measured by
internal pressure, was the intense gushing of lava over
the Kilauea floor from Halemaumau pit, full to overflowing
in October-November 1919. During this. arne time Mauna
Loa was giving vpnt to the Alika tlow. Throughout 1919
this flooding of the Kilauea Crater floor had been going on.
with \-ery slight ups and downs in the central pit, but
from the very day when Mauna Loa broke out at the end
of September. the Kilauea flooding increased. The process
that led up to the nearly continuous overflowing of Hale­
maumau had been a very strong ri ing of lava in the pit
at an increasingly rapid rate after the subsidence which
had followed the 1916 outbreak of Mauna Loa. The year 1917
was intensely spectacular at Halemaumau, the observers
could walk down on the lava floor surrounding the liquid
lakes, and many experiments were made of taking tempera­
ture, collecting the gases. and sounding the slag pools with
steel pipes. The year 191 began a series of overflows of
Halemaumau, first in one direction, then in another, from
the lip of the pit, so that by 1919 the overflowing was
virtually continuous. This all culminated in the Mauna
Loa eruption of the autumn, which came to an end grad­
ually. and at no very definite date. some time in November.
It is impossible to name the day when such an eruption
comes to an end, for the lava is flowing in tunnels beneath
surface shells of hardened slag, the rift-source region is
usually crusted over and may show glowing cracks for
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~ dome of Iive lava, when the eastern edge of the pit was completely overflowed
ling lava column. Edge of pit underlies small cone in background. Benches
was at this time 87 feet above what had been hitherto the edge of the pit.

November 30, 1919 looking south from Observatory across Kilauea crater. The
light colored nearer part of the crater floor is the fresh, then-glowing frontal por­
tion of the live overflows from Halemaumau which had been pouring forth for
seven months. The flows went west, north and bent east, filling the north corner

of Kilauea crater 60 feet deep. Photos Jaggar.
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May 10, 1919 looking NE. across main lava lake in Halemaumau from the top of the dome of live lava, when the eastern edge of the pit was completely overflowed
and indistinguishable. The photographer was thus standing on the top of the moving lava column. Edge of pit underlies small cone in background. Benches

right and left are live lava, wholly inside the pit. Central part of lava dome was at this time 87 feet above what had been hitherto the edge of the pit.
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leased the Halemaumau lava while the Mauna Loa flows
were in action, it is easy to understand underground con­
nection between the two volcanoes such as was described
in the subsidences at Kilauea of 1914, 1916, and 1919 0'01­
cano Letter o. 324). Ea('h of these sinkillgs came just
at the end of a Maunu Loa flow period. Each Muna Loa
flow period was accompani d by a gradual gushing of lava
and rising in the Halemanmau pit of Kilauea.
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tile Kilauea floor from lIal maumuu pit, full to overflowing
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Middle stream of the Alika flow of 1919 early in October at road crossing
in South Kona, showing the standing waves of rushing golden melt travel­

ling eleven miles per hour. This stream was forty feet wide, within fields
of consolidation of its own aa overflooding. These fields also moved, but

very slowly. Mauna Loa flow, elevation 1570 feet above sealevel.

weeks, and there is no evidence left of any particularly
sudden down-sinking at the source cone of the flow. Pos­
sibly some such reaction would be seen there if there were
inhabitants.

At Kilauea, however. as has been often described in
these pages, a remarkable, quiet, and sudden sinking 600
feet of the entire lava column in Halemaumau pit occurred
November 28, 1919, as though it were a definite reaction
from the Mauna TJoa cessation. Then immediately the
violently foaming Kilauea lava ro e in the bottom of Hale­
maumau pit until in three weeks it was nearly at the top,
then in three weeks more it had burst out in the Kau
Desert southwest of Kilauea, and a long series of flank
outflows of Kilauea began which lasted seven months.
This, however, was not the end, for in 1920-21, December
to March, there were again very intense overflowings of
Halemaumau, after temporary reactions of subsidence.
The March gushing of 1921 was accompanied by a flooding
of the entire southern part of Kilauea Crater, so that one
flow passed through a gap in the sand hills which bound
the crater on that side. The fountaining was so violent
that forty-pound blocks of crust were flung up into the
whirlwinds over the fountains and dropped 300 feet away.
Halemaumau was a surface saucer full of rushing, golden
melt, building up a big spatter rampart at one side, with
islands out in the middle. Then there came moderate
subsidence , followed by the big ones of 1922 and 1924.

T.A.J.
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WEEK E 'DING APRIL 19, 1931

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

At Halemaumau pit in Kilauea Crater the only change
observed on the forenoon of April 13 was that the sulphur
spots on the new lava floor of 1930 seemed brighter yellow.
The weather was drv and no steam was observed on the
south talus. Dust from a slide rose at the pit at 3: 30 p. m.
April 13, and at 10: 30 a. m, April 17 a fairly large avalanche
fell from the middle of the wall above the northeast talus,
sending up a thick cloud of dust.

A slight earthqua ke at 5: 58 a. m. April 17 was strongly
felt in the Volcano District and in Hilo, observed near the
volcano as a slight preliminary bump followed in about two
seconds by a stronger shaking occupying several seconds.
This was sufficient to alarm a dog and in the region three
miles toward Hilo from Kilauea the motion appeared to be
northeastward. The Observatory seismograph indicated
distance of origin 14 miles. Another feeble earthquake felt
locally indicated distance of origin 23 miles, at 10: 09 a. m.
April 16. In all the Observatory instruments registered 26
local disturbances, of which six were very feeble' seisms
and 1 were tremors. A very feeble shock at 10: 23 a. m.
April 14 indicated origin distance 12 miles. Tilt for the
week was slight WNW, and microsei mic motion was slight.
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Northeastern corner of Halemaumau pit showing lava overflows, from northern

and eastern sides of the lake, uniting to fill the wall-valley depression. Lava
lake outside of picture at the left.

RISING OF PIT LAVA KILAUEA 1917

The first half of the cycle 1913-1924 was characterized
by increasingly rapId rising. This showed itself by three,
progressively more voluminous, lava ejections from Mauna
Loa, and by a general rising of lava in Halemaumau pit,
the inner well of Kilauea Crater. In order to understand
the detail of the processes involved in the spectacular over­
flows of the inn l' lava lakes of Halemaumau pit, alternat­
ing with rec'3ssions of the lava from month to month, we
here present a map and some photographs to exhibit the
relation of the bench magma to the liquid lava. This is
one of the hardest subjects for an outsider to understand.

The outline map of Halemaumau on Page Four has
below it a true scale structure section showing what we
saw and measured at the Observatory January 12, 1Q 17,
when with transit we went from one trig station to the
next, as indicated by the little triangles around the rim
of the pit. At the bottom of the structure section there is
indicated a true scale extension downward of the pit profile
as it was June 23, 1916, just after the liquid lava had come
back vigorously, following the subsidence of June 5, which
was described in Volcano Letter No. 324. The liquid lava
at that time had filled a saucer in broken rocks, and then
made its own spatter bench around the edges. The shape
then of the liquid shown in black if we filled in the bottom
would be that of the contents of a saucer, and as the lava
was fed upward through small holes in the talus below,
the only wells extending downward would be those holes,
and everywhere else the liquid would be streaming over a
hardened shell of its own glassy substance which had con­
gealed against the cold broken rocks beneath it. The
bench around the edges, then, was nothing more than the
border expression of the hardened bottom lava.

What happened thereafter when the lava rose 500 feet
filling the pit nearly to the top? The supply of liquid lava
up the wells carries a certain amount of gas in vesicles
which is reacting to keep it hot, but the air above, the siues

of the Pit, and its own congealed bottom lining are all tend­
ing to freeze the hot froth. The heat energy available can
k.eep a .saucerful liquid and streaming, the saucer in ques­
tIOn bemg roughly of the size of the first pool. The rest
that congeals under the pool is like the lava fields that
congeal on either side of a small medial stream, in ~ Ma­
una Loa flow. The congealing may be only partial so that
tJ;1is semicongealed substance is still mobile, and the up­
rIght wells are maintained through it. The rising then
resolves itself into an uprush of the liquid froth through
the wells, an overflow in pulsations of the liquid in the top
saucer, and such additions of gas and heat to the under
substance, as will cause it to swell or tumesce, under the
hardened shells of overflow, that form the benches or plat­
forms around the lava lake, or lakes.

If now we examine the map and section of January
1917, we see the main lava lake in black streaming from
three coves at the west. and back of these two source
ponds, which are over wells. At the north: and at the
south, there are overflow benches, the northern ones wide,
and the southern ones narrow. There is a small wall pond
at the south. There is a big crag-mass between the north­
west pond and the lake which exhibited a tendency to rise
gradually, as the tip of a northwestern sector of overflow
shell '. There is another such crag at the east, and a more
complicated group of them making a peninsula and south­
ward tilted hills of uplifted overflow lava, at th~ southwest.
At the southeast there is a line of big spatter grottoes
along the edge of the lake, with in flowing liquid lava as
indicated by the white arrows. There is the same thing
at the northeast. During subsidences these were revealed
to be ca cades into sinkhole wells, and the bottom of the
lake of liquid was revealed to be a paste only 45 feet below
the overflow bench.

This paste, under the shells of overflow, and under the
crags created by the swelling up from day to day of the
shells of overflow, is the substance spoken of as bench
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Depressed northeastern floor of over ow in Halemaumau pit May 16, 1917, from north station, to be compared with
elevated floor northwest shown on Page Three. These illustrate the balance whereby the weighted side of the floor
goes down and the other side comes up creating a tabular crag of bench magma. The lava lake is in the fume at

the right.

magma, and this semicong al d ubstance rises and falls
from week to week as constituting the greater part of the
lava column, apart from the mer wells, as shown in the
section under tlle map. Th depression of the lava at this
tim was 87 feet below the south a·t trig station, and the
b ncb marks (B.M.) east and north of the pit on the floor
of Kilauea Crater ·tood at levations 3,697 feet and 3,700
feet re 'pectlvely above sea level.

The Journal of Decemb l' 30, 1916, say: "The lava
13k i/:l a very different object from the elliptical pool of
la t June. It appears like a mighty river of fire amid lill
and tilted crags, ::;haped in eneral like a"""." Roundi h
cove are bordered by high rampart built up by overflow
and by plashing fountain which have constructed huge
dom ,wi glowing In'otlo In ide. Back of the e ram­
part.. the overflow urlace. lop back to the wall of the
pit, RO that the lake i really at th top of a low, flat,
inner cone. Higher than the e floor' on three ide of the
lake. but wholly within the pit, are craggy hill benched
and fI ured. which tand from 40 to 0 feet above the
liquid lava."

"Other Irregularitie which add intere t to tile cene
ar hi h, flaming and puffing Chimneys, outlying pond of
lava, and driblet cone built up over fi ure in the floor.
Following all the bends tbe lake I fully 1. 00 feet long,
with channels varying In width from 50 to 200 feet. The

cene i magnificent from any side of the pit, and there
is hardly any obstructing fume."

On April 6, 1917 we find the statement, "The rising of
the crags is symmetrical about a central point in tbe pit,
where the three arms of the lake lie at about 120 0 to each
other. The sectors of bench, between these arms, are sink,
ing around the circumference of the pit, and lifting their

convergent points neal' th center. The marginal sinking
Is 'tarted by weight of th ov rflows, and increased by
weight of debris fallen from the outer walls. As a result
the south island peninsula, the crag-mass, and the east
island are now all ri ing, and the floors are sinking. The
inner bench confining the lake i therefore highest near
the center of the pit. As u ual the northwest and west
pond are the conduit of upri ing liquid lava."

The beautiful. ymmetry of tume cence or welling in
the center, overflow of the lake to weight down the wall
,-alley around the edge. and up-tilting of the crag ector
to 1'1 e highest in the ent r. ha appeared again and again,
during the mea urement. conducted by the Ob ervatory, 0
that the ector of hell may be thought of a eternally
O"erturning, away from the enter of the vit. .'0 olidi·
fied lava. ex;::ept po Ibly light pumice, i capable of float·
ing on liquid lava. Th olldified crag, however. in orne
en e do float upon the bench magma pa te beneath, or are

of almo t the arne peciflc gravity, but thi pa te i not
liquid lava_ in addition to the circular symmetry, however,
there would often develop a bilateral ymmetry a hown
on the map, whereby the three ource wells are in the
outhwe t half of the pit, and thi outhwest half wa up·

lifted; wherea in general the northea t half was covered
with overflows and tended to ub ide, except for the tem­
porary east crag, which afterwards became overwhelmed
and ank down.

The picture on Page One gives a clear idea of the
northeast quadrant of the pit being filied by lava over­
flows from the lake in May 1917, the observation hut of the
Observatory, and the old horse corral, showing in the back­
ground. This heavy flow is weighting down the wall
valley, and tending to lift up the crag shown on the left­
hand side of the photograph. If now we turn to the photo-



THE VOLCAKO LETTER Page Thru

graph on Page Two and Three, we see a .ery triking
illu tration, on ::\lay 16. 191"i, of a down weighted north·
ea tern 0.er60w bench (Pa/1;e Two) which by a erie of
flood (rom the lake had .ub ided. Thi i looking from
the north tation traig-ht ollthea·t acro the northea·t
0\'er60w bench. The photo~aph on Page Three i lookine;
from the ame placetraie;ht 'outhwe t. acro a new
elevated northwe t table cmg. which for many day wa
in proce of ma s uplift. The following are Journal quo­
tation from the hi (Ory of this uplift.

"On l\lay 12, 191., the lake had ri en from 11 a. m. to
12: 30 p. m.. the main lake much fa tel' than the southea t
pool so that the north we ·t CO\'e and the outhwe t hore
were overflowing. The we t cone wa gu mng incande.­
cent lava and the crag had continued to rise. The tabular
nOl'lhwe t crag wa ri ing trongly while the north cha m
wa inking. Thi wa shown by a cracked ridge of fre h
flow lava, lifted on the id of the crag, and though only
two days old it showed a \'ertical di placement of about
six feet from its original position. On May 25 the north·
west table crag showed an extraordinary nplift of 15 feet
since the previous day, cal'J'yinF; with It a bench of fresh
flows around its base on the east and north. Instead of
tilting, this tabular ma s is rising bodily owing to inflow
beneath it of pa ty bench magma impelled by the weight
of lava floods much larger than it in area in the lake basin
it elf and on the floor northeast and northwest. On May
2 a udden readju tment of the bench magma wa accom·
panied by a brilliant flare with opening of creva se into
which perhap the lake magma flowed 0 a to lower it
temporarily while the entral crags were uplifted. The
ea t crag 1'0 e bodily 1 feet. and the northwe t tabular
crag wa now above th rim of the pit. The large crae;·
ma 5 rose so much with we tward tilt that its northea·t
p ak suddenly became its ummit. wherea only that mol'll'

ing the middle peak had b en he hie;he 1. The patter
markine; along it ba e on the lake 'ide were fully 40 feet
high."

The northwe t tabl here l' ferred to. and hown on
Pa e Three. occupied what in January wa the north·north·
west 0\'er60w bench. b tween lake and rim of pit (map
Page Four I. The photograph Oil Pae:e Two and Three
were taken from the trig ·tation. on north rim of pit. outh
of the letter ". ''', The balance between the ri ing rag
and th weighted portion of the pit floor might be ailed
"i. 0 taUc.'· but not b cau'e the rae; are lighter. T.A.J.

KILAUEA REPORT No. 1005

"WEEK E, 'nl.·G APRIL 26. 1931

ection of Yolcanology. U. . Geological un'ey
T. A. Jaggar, Volcanologist in Charge

Practically no changes have 0 cUiTed at Halemaumau
during the week ended at midnight April 26. Fume con·
tinues to escape steadily from the sulphur area north of
the 1930 cone. which area is bright yellow. The in trument
at the pit showed 110 volcanic tremors.

total of 27 sei mic di turbance were regi tered at
the Ob ervatory. Of this number were 23 brief tremor ,
three \'ery feeble hock, and one di tant earthquake. The
la t recorded on April 24 for 10.5 minute following 7: 03
a. m. One of the very f eble hock. at 11: 25 p. m. April
25. indicated 25 mile di tance to origin and wa accom­
panied by tilt to the north; it \Va' not reported felt.

Tilt wa moderat ". "'. :\Iicro ei mic motion in rea"ed
on pril 21 from light to moderate.

Elevated northwest table crag May 16, 1917, from north station, showing a block of bench magma in process of ris­
ing bodily by tumescence, or by the flowing in of paste beneath it, so that in two weeks its top was above the rim of
the pit. This side of the floor rose, while the portion shown on Page Two was overflowed and subsided.

Photos Jaggar.
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Plan and profile of Halemaumau pit January 12, 1917, when the great rise was in
progress. Dotted outlines in map show progress of the rising and enlarging Febru­
ary 18, 1912, and June 23,1916. Lower profile in section shows lake of June 23, 1916,
in contrast to great development of bench magma, at higher level, six months later.
Liquid lava black, source ponds shaded. Lake level 87 feet below southeast trig

station. Crags with ten-foot contours.
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West rim of Halemaumau showing smoky conditions which were prevalent during the early years of the volcanic

cycle 1913·1924. Taken from the south edge of the pit looking toward the region of the western source ponds,

October 24, 1916.

BEGINNING OF THE VOLCANIC CYCLE

After reviewing twenty years of Hawaiian eruptions
(Volcano Letters Nos. 319 and 320) and showing that the
last cycle was 1913·24, we have recently described some
details of this cycle, beginning at the end and going back·
wards. (Great Eruption 1924, No. 328, events preceding
it, No. 329, Peak of Cycle, No. 330, rising of 1917, No. 331.)
The beginning of the cycle was accompanied by two out­
breaks of Mauna Loa in 1914 and 1916, and we have already
described the remarkable subsidence of the latter year in
Halemaumau (Volcano Letter No. 324). We have reason
now in the cycle that began with influx of new lava in the
bottom of Halemaumau July 1924, to make comparisons
with the beginnings of the next preceding cycle. This
might tell us something prophetic. But in doing so we must
remember that 1913·24 ended with a gigantic collapse of
about seven thousand million cubic feet of broken rock
that fell down the Halemaumau shaft. This material is
in the Halemaumau shaft now. No such fall of material
occurred in 1913. At that time there was a solidified crust
of live lava 600 feet down and the preceding cycle had
been marked by slow risings with activity around the 300­
foot level, and several sudden sinkings to depths not usual-

ly greater than 600 feet. Around the 300·foot depression
level the lava column, therefore, of both bench lava and
lake lava, was highly mobile, with an open shaft below into
which it could sink. Now in 1931 the lava column 900 feet
down is a pile of crusted layers, each not more than 60
feet thick, heaped up in five different years, and all com­
paratively stiff as a cake resting on top of the rock fill
of 1924.

Such is the difference between the beginning of a new
eleven·year cycle following the close of a supercycle, and
the beginning of an eleven-year cycle which has many de­
cades of mobility behind it. It is natural, therefore, that
to some extent the years 1924-27 should be different in ac­
tion from the years 1913-16. Both these periods, however,
have been marked by gradual and somewhat intermittent
rising of lava in the bottom of Halemaumau pit and by one
or more outbreaks of frothy lava at the summit of Mauna
Loa with eventual drainage in a Mauna Loa lava flow on
the southwest flank of that mountain.

From May 1913 until just a year thereafter the lava
lay 600 feet down in Halemaumau pit with great volumes
of fume and steam making the bottom invisible. Slowly
the lava rose in 1914, building spatter cones with glowing
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Interior of Halemaumau from the southwest at 9 a. m. June 5, 1916,
showing elliptical lake and the islands which on one occasion were
seen to move horizontally. Depression of bench 253 feet, of lake

300 feet. Entire lava surface 780 by 675 feet in diameters.

l

trickles, the fume diminishing in proportion to the volume
of lava fountaining. In the top crater of Mauna Loa big
fountains burst out along a lengthwise north-and-south
crack in November 1914, flooded the bottom of the crater
and kept it up vigorously until the beginning of January
1915, the lava in Halemaumau meanwhile rising. There
was no lateral outflow from Mauna L a. When the sum­
mit activity of this big mountain ceased, Kilauea lava went
down in Halemaumau 175 feet, but not very suddenly. This
was the first of the occasions, that came under the observa­
tion of the Observatory, when in both rising and sinking,
Kilauea showed sympathy with Mauna Loa.

The year 1915 produced a rising of lava in Halemau­
mau to a highe point than had been reached in 1914, and
the peak of the rising in September was at the depression
level 360 feet below rim of pit.

This September of 1915 produced a crisis of subsidence
accompanied by many small earthquakes whereby the lava
receded, the marginal bench cracked funnelwise and caved
in, and the entire lava column lowered so as to lea 'e a
surging, liquid puddle in the bottom, destroying the in­
tegrity of the partially congealed saucer of bench magma.
This saucer had consisted of four things: (1) The old
slide-rock slopes of 1913, (2) the new liquid lava, (3) the
overflow products of the lake, forming a bench, and (4) the
partially congealed bottom material of the lake ometimes
seen as shoals and islands. The measurements proved con­
clusively that these islands were part of the lake bottom
and were not floating. The temperature of the liquid lava
was proved quite incapable of melting the old slide-rock
slopes of 1913. If we picture a cross-section of the top of
the lava column at this time, we must imagine a stiff paste
rising with the old talus breccia cemented in it, with a ring
platform carried on its crest, the whole somewhat cylindrIc­
al in shape, and a shallow inside cup containing the lava
lake fed by a well leading downward through the midst
of the column of stiffer lava. Up the feeding well was
coming the hot gas froth, which broke through the crust
of the lake periodically a~out once a minute in what was

known as "Old Faithful" fountain. This froth imported
new fundamental magma from the depths, heated by gas
reactions, and thereby this material was liquified and ve­
siculated to a fluid condition very different from the fund­
amental magma deep down under pressure, where it is pre­
sumably stiff, rigid, and heavy.

The September lowering was from depression 360 feet
to depression 480 feet. The subsidence was like the one
that had followed the Mauna Loa eruption in January of the
preceding winter, but there was greater lowering in just
such proportion as there had been greater clearing out of
the throat below. The talus fragments had in a measure
been appropriated as part of the bench magma column.
This column had risen from a narrower throat below to a
wider funnel above. Consequently with the uplift liquid
lava occupies the ring channel and discharges through a
border well into the upper saucer. By this process with
every pronounced rising the throat is cleared bigger, and
the pulsations of subsidence are permitted to go deeper.
The lava entering loses its gas, becomes heavier and pours
downward in some sinkhole wells, and the "Old Faithful"
central well may reverse its flow and become a sinkhole at
times.

The curve of rising and falling showed sudden drops in
January of 1915, September 1915, and June 1916, each drop
being bigger than the one preceding. As the first and the
third of these followed the recession of lava into Mauna
Loa after an outflow there, it appears altogether probable
that the middle one of September stood for the same pro­
cess. That is, lava rising into cracks under the center of
the island, then escaping laterally by extending the cracks
farther, thereby lowering it hydrostatic level, while Hale­
maumau as a gauge off to one side recorded the movement.

In early autumn of 1915 the circulation developed fiery
cascades pouring into eastern coves and into a small out­
lying east pond connected by a tunnel with the main lake.
At the west end was a source pond of rising lava, whence
the lava streamed eastward to splashing border grottoes.
Rising of liquid overflowed the floors around the lake after
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October, and the floor a part of the fabric of the bench
magma howed tendency to lift and tilt away from the lake
while heavy flood weighted the margin of the floor 0 that
tbe crae: became e carpment_ witb teep face toward the
cen ter of the pit.

"Watching the action of the upward pouring lag in
Halemaumau pit in 1915-16 led to a fruitful conception to
the effect that a lava lake in a pit is nothing more than
wbat would be a flow if it wer on a monutain side. In a
pit, bowever, there come about heat conservation and lone:
preserved internal glow of the bencb magma wbich is
different from the overflow fi Ids of the mountain flank. As
the front can gO nowhere, being confined in a pit, we get
a side vent or well, several tunnel as crusts form, and an
overturning circulation due to upflow of the light and
gassy, down flow of the heavier gas-free fluid. The resem­
blance of the lake in 1915 to a lobate flow from west to
east across the bottom of the pit was striking. The spring
of 1916 developed tremendous overflows of the lake which
poured between two broken hah'e of a crag seen gradually
to split in two. The overflow on the bench duly became a
pool with definite rounded hape in plan, until finally it
appeared that the lake had changed it outline, and had
developed a big extension. The temperature of the ri ing

melt i not high enough to fu e the bank • but the ga e

and their reactions are wbat produce melting. \Yhen a

mixture of ga and lag come up rapidly, it enlarge the

well and lake partly by gas- melting. partly by conve ­
tional ero ion, and largely by determinina the boundary
change between two vi co itie , that of the more liquid
ga -charged lava. and that of the tiffer relatively ga -free
pa "teo

From January to May 1916 the lava of Halemaumau
ro rapidly so that the overflow of tbe floor, and the break­
age of the bench magma column below developed in April
a big S-shaped lake, then two crags became islands. and
lastly the rising lake developed elliptical form around them.
Finally the island crags exhibited horizontal movement,
which is rare in Halemaumau. One of them migrated north
bodily with rotation around its west point as a vertical
ax!. s tbe rate of rising was very rapid it seem prob·
able that the island blocks of bench magma were under·
mined so a to execute a rotatory tilt, partially buoyed. and
breaking away from a narrow stem. :\!ay 19 came the
outhwe tern Mauna Loa eruption, and on June 5, after
Jauna Loa cea ed action, came the great subsidence in

Halemaumau. T.A.J.

The western source pond filling the wall valley
under the northwestern cliff in Halemaumau Aug'
ust 23, 1916, after recovery from the great subsi­
dence. This shows a typical source well and the
process by which crags of bench magma were

tilted up.

.



Page Four THE VOLCA 0 LEITER

Halemaumau from the south-south est when the lava bottom was 225 feet below rim, fume was diminishing, lava
was flooding, and benches and crags were being elevated bodily around the lava lakes. Photos Jaggar.

Cracks paralleling the outhea t rim of Halemaumau
were measured on the 27th. 'early all the marked points
showed widening, the greatest being 1 7/16 inches at a
place in the roped-off area near the tourist shelter.

A total of 39 seismic disturbances were recorded on
the instruments at the Observatory. viz: 33 tremors, 4 very
f eble seisms. and 2 feeble sei ms, a\) local to the island of
Hawaii. The greate t number of disturbances in one day
was 11 on April 27. One very feeble shock at 12: 1 p. m.
April 2 was felt at the Ob ervatory as a sudden jerk, the
record indicating a cia e origin.

KILAUEA REPORT No. 1006

WEEK ENDING MAY 3. 1931

Section of Volcanology. U. S. Geological Survey

T. A. Jaggar, Volcanologist in Charge

Conditions at Kilauea remain with little change. Fum­
ing is steady at the yellow sulphur area north of the 1930
cone. A few falls of rock and dust from slides were noted
at the north waU on April 27. On this date a sout. erly
wind torm doing much damage in Kau DI trict blew thick
du t cloud [rom the de ert over Kilauea Crater in the
early forenoon.

Tilt for the week wa moderate S"·.
motion was slighL

Hcro ei mic
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South rim of Halemaumau February 3, 1919, when it had begun to swell faintly, and on the right are see."
live flows pouring along the wall crack from a small cone inside the pit. The live lava column of the Pit
is on the right. This margin of the pit was thrust up as the great pressure ridge February 25 and later.

HEAT AND UPLIFT AT KILAUEA 1919-21

In discussing the cycle of eleven years from 1913 to
1924, the story would be incomplete without a clear state­
ment of the observed effects of increase of underground
heat and the consequent uplift which was measured at the
rim of the inner pit Halemaumau, and at the rim of the
outer crater Kilauea. It is difficult for anyone, who has
not actually lived on the edge of such an active sink crater,
to visualize as an actual fact the uplift of a mountain top
by several feet in a few days. This is what truly happened
at the edge of the pit Halemaumau when between February
and May 1919, as shown in the sequence of pictures here­
with, the liquid lava overflowed the rim of the pit, and a
heaped tumescence from below swelled up the rim into a
pressure ridge 15 to 20 feet high. And this was merely
an index of what was happening on a larger scale to the
whole inner floor of Kilauea Crater, and on a still larger
scale to the whole top of the mountain outside of Kilauea
Crater for a radius of 20 miles. (Tilt Records for Thirteen
Years at the Hawaiian Volcano Observatory, by T. A. Jag­
gar and R. H. Finch, Bull. Seis. Soc. Amer. Mar. 1929.)

The swelling of volcanoes was reviewed in Volcano

Letter No. 264, but it may be of interest here to summarize
the facts about the top of Kilauea at the time of the peak
of this active cycle. Leveling measurements of the sum­
mit in 1912, 1922, and 1926 showed that the top of the
mountain rose two feet before 1922 and subsided from two
to nine feet after 1922, the larger figure being that of the
inner crater floor. We have seen that seven thousand
million cubic feet of rim rock fell into Halemaumau pit
during the explosive eruption of 1924. Taking the leveling
data and assuming symmetrical subsidence about Halemau­
mau as a center for the 1921-24 period, the volume of land
withdrawn amounted to twenty thousand million cubic feet.
This is nearly three times the amount engulfed in Hale­
maumau. The weight of such decrease of volume of the
island above sea level would amount to one and one-quarter
thousand million tons. Adding the volume of rock engulfed
at the pit we would get a void space created inside the
mountain when the lava withdrew of twenty-seven thou­
sand million cubic feet. The down-warping was at a maxi­
mum about the crater and the form of the area lowered,
with gradual decrease of lowering twenty miles out from
the crater center, suggests a horizontal lens of lava evacu­
ated under the shell of the mountain. The suggestion for
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Same view as Page One five days later, February 8, 1919, showing the overflow which destroyed the trail,
and the sagging crusts of new lava inside the pit on the right.

the whole period of rising and falling is that the dome of
Kilauea behaved like a boil or pustule, filling and swelling
during the first half of the cycle, and evacuating through
an underground crack below sea level at the end.

Early in February 1919 the lava lakes of Halemaumau
exhibited brimming and overfiowing conditions, and a
southern heap inside the pit overflowed the rim February
7 (see cut Page Two) so as to pour across country 400 feet
damaging a trail at the road terminus. The liquid lava
was rising and the bench magma was sinking. An ea Iier
January overflow had abstracted weight from the top of
the lava column anu deep effervescence followed as in the
overflow of a geyser pool. A northeastern slag heap next
took its turn of building up 27 feet just inside the rim of
Halemaumau and flows from it threatened the eastern
stone tourist shelter. The last week of February produced
mass swelling of the lava column, eruptions of standing
fountains of melt, extended overflows on three sides, the
lakes as well as the slag heaps contributed to the flows,
and all the lakes stood as ring-shaped basins, six in num­
ber, above the rim level of the pit.

Mashing of the previous rim upward and outward next
occurred at the southwest, south, and east, so as to make
a pressure ridge from eight to fifteen feet high of what
had been the rim before, illustrated by comparing the
photograph of February 3 on Page One with that of May
6 on Page Three. The formation of this ridge, however,
occurred within a few days at the end of February and the
beginning of March. The ground begins to smoke and be-

comes stained around such a trig station as is shown as
a white, circular concrete platform on Page Four. This
same southeastern station and all the ground about it then
rose and tilted back gradually but very rapidly in the
course of a few days, so that it was sloping away from the
center of the pit. The ridge formed was 20 feet wide in
places, witb an elephant's back curve on the side away
from the pit. The thl-ee most used surveying stations were
destroyed, and the lIet rise of the eastern side of the lava
column inside of the pit at the same time was from 10 to
15 feet.

Moderate flowing during the first half of April 1919
gave place to mass swelling the third week of the month,
ending in strong overflow that broke up the wall crack
through the south pressure ridge, itself the edge of the pit,
and this produced the longest and most liquid flow of 1919
to date. It covered the trail and reached the road terminus,
and was the third flow of the year that had extended about
a half mile from the Halemaumau center.

Within the year prior to February of 1919, Halemau­
mau had exhibited overflowing of its rim on eleven separ­
ate occasions and at nine different places Six of these
extended more than 100 feet away from the pit, and of
these the southeast flows of February-March 1918 had been
the most extensive, reaching a half mile or more in length.
Those of November 1918 came next in volume, and the
flows of January-February 1919 tended to fill the gaps be­
tween the two earlier localities. August of 1918 had pro­
d'uced some driblflt overflows at the north and southwest.
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The appearance of Halemaumau in April 1919 was that

of a smooth curved dome 1,200 feet across, rising from the

base of what was left of the northwestern rim cliff of the

pit. The swoIIen top of the lava column rose 50 feet above

the general level of the former rim, and feU off abruptly

as an escarpment 40 feet high on the southeast at the pres­

sure ridge (see Page Three). Known landmarks on the
pressure ridge measured in profile on a telescope scale
from the Observatory two miles away, were seen to move
horizontaUy easward within a few weeks. The old edge
of the pit after being raised bodily was then mashed until
it feII backward in a talus, and the upper part of the
escarpment was now the cross-section of the inner live lava
layers of the stiff lava column, where the pit floor had been
lifted clear above what was left of the pit rim.

April 20, 1919, inaugurated a series of big flows from
cracks in the Kilauea floor outside of Halemaumau at the
north. These flows were destined to continue pouring
across the northern part of the Kilauea floor throughout
most of the year. They were caUed the Postal Rift flows
because they originated at a hot crack where travelers
formerly scorched postal cards. The swelling up of the
rim of the pit was now extended around to the west and
north, tilting the west station 4.5 degrees to the southwest,
and the north bench mark 8.5 degrees to the north, so that

~'..

it was lifted approximately eight feet in the course of a
few days. This lifting up of old rim rock was accompanied
by more or less heating and smoking of the cracks, and
the outflow of liquid lava 800 feet back of the pit occurred
without seismic disturbance, and was unquestionably con­
nected through cracks with the same lava column that
occupied Halemaumau. The Halemaumau lakes did not
lower, but rose and increased their gas pressure while the
tumescence of the inner bench magma lessened. The
Postal Rift flow had advanced 1.4 miles across the Kilauea
floor by April 25. T.A.J.

KILAUEA REPORT No. 1007

WEEK ENDING MAY 10, 1931

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

On May 6 in the forenoon at Halemaumau pit of Ki­
lauea Volcano there was little fume that could be detected
at the sulphur spots on the floor of the pit, and very little
steam appeared at the south talus. The pit seismograph
indicated a gradual tilt away from the pit until May 2 and
thereafter motion in the opposite direction. On May 9
nome newly faUen rocks were observed at the base of the
north talus.

The Observatory seismographs registered 38 tremors

May 6, 1919, showing the same southern edge of Halemaumau as in the photographs on Pages One and Two, but

now quite unrecognizable. Halemaumau had become a dome, the rim had become a pressure ridge, the former east­

ern stone shelter lay under the flows in the foreground, and the main lake was in a hollow at the top of the dome

on the right. The trig station shown on Page Four was I ifted up until it fell to pieces on the "elephant's back"
shown here on the left.
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Southeast trig station at rim of Halemaumau when the ground was beginning to be
heated, fumed, and stained by tumescence, February 21, 1919. This within two weeks

was lifted up and overturned backwards away from the pit on the pressure ridge shown

at the left of cut on Page Three. Photo Jaggar.

during the week and a very feeble distant earthquake wa
recorded at 9: 24 a. m. May 10. Tilting of the ground for
the week was slight E 'E, and mlcroselsmlc motion was
slight but increa ed somewhat May 4-5.

TILTING OF THE GROUND FOR APRIL

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 pro­
gre Ive even·day averages. This I the departure of the
plumbllne in the direction given.

April 6-12 __..__ 03 seconds W.
April 13-19 _..__ . 1.3 seconds W.
April 20·26 ._ _ . 2.5 econds SW.
April 2i-May 3 ._ __.. _. 1.4 seconds SW.
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Edge of lava flow that poured out during the winter of 1850-51 at Cinder Cone,
Lassen Volcanic National Park. Photo Finch.

THE YOUNGEST LAVA FLOW ON THE MAINLAND OF
THE UNITED STATES

In the northwestern part of the United States there is
a volcanic area covering about 25,000 square miles that
extends from Lassen National Park, on the south, north­
eastward to Yellowstone ational Park and northwarn to
British Columbia. The eastern part of this volcanic area
is the Columbia Plll.teau lava field, and the western part
i the Cascade Range. In this range are Lassen Peak and
other volcanoes that have been active in recent times.
Mount Baker and Mount St. Helens were reported to have
been smoking in 1843. Mount Rainier is said to have been
feebly active in the nineteenth century. and steam still
escapes from its summit crater. A volcanic eruption, pos­
sibly from Mount Shasta, was reported from a ship at sea
in 1786. At the present time there are steam vents near
the summit of Mount Shasta, 14,000 feet above sea level,
so active that in a small area around them no snow can
accumulate although a short distance away several glaciers
have their sources.

In Arizona, New Mexico, and southern California there
are very fresh·looking volcanic formations. The lava flow
in the valley of the San Jose River in New Mexico is so
fresh in appearance that it lends support to Indian tradi­
tions of a "river of fire" in this locality. Near Glass Moun-

tain, in northern California, and at places in Oregon and
Idaho, there are lava flows that appear to be less than 500
years old (Volcano Letter o. 292). At Cinder Cone, in
Lassen National Park there are several recent lava flows,
the latest of which (Page One) is believed to have poured
out during the winter of 1 50-51 (Volcano Letter No. 306).

It really was no urprise to those informed about the
volcanic region of the northwestern United States when
Lassen Peak became active in 1914. For a year the activity
was largely confined to small explosions. Then during the
night of May 19-20, 1915, Lassen produced the youngest
lava flow on the mainland of the United States. The main
crater was filled with new lava, and there were small over­
flows through low notches in the rim both to the east and
to the west. The western branch of the flow is still in
place, as shown on Page Two. Only remnants of the east­
ern branch of the flow remain, though there is good evi­
dence pointing to the conclusion that it was the larger
branch. Part of the eastern branch of the flow slid down
the mountain shortly after it had been poured out, at the
time of a mud flow during the same night. The photo­
graph reproduced on Page Three, taken May 22, shows a
remnant of the eastern flow, but most of this also slid down
the steep mountain slope a few hours later. The most
forcible explo::;ion of the series took place during the after-
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Lassen Peak from Mount Diller at the southwest August 27, 1927. The western
branch of the youngest lava flow in the United States, produced in 1915, is the dark

mass extending a short way down from the notch in the summit. Photo from Finch.

noon of May 22, 1915, after this photograph was made.
Activity continued in varying degree until August 1917, but
since then there have been no true volcanic eruptions of
Lassen Peak.

Earthquakes that have their origin in the Lassen edi­
fice are rather ('ommon as shown by the seismographs of
the Lassen Volcano Observatory of the U. S. Geological
Survey at Mineral, California. The fact that from 36 to 266
earthquakes are recorded each year at Mineral indicates
that Lassen Peak is still somewhat uneasy.

Some references on Lassen Peak are as follows:
U. S. Geological Survey, Geologic Atlas, Lassen Peak

folio (No. 15), by J. S. Diller, 1895.
The Volcanic activity and hot springs of Lassen Peak,

by Arthur L. Day and E. T. Allen, Carnegie Institution of
Washiugton, Publication 360, 1925.

Pictorial history of the Lassen Volcano, by B. F.
Loomis, Anderson, California, Anderson Valley News Press,
1926.

The kingship of Mount Lassen, by Mrs. F. H. Colburn,
San Francisco, Nemo Publishing Co.

The quartz basalt eruptions of Cinder Cone, by R. H.
Finch and C. A. Anderson, Univ. Calif. Pub!. Geo!. Vo!. 19,
No. 10, 1930. R.H.FINCH

HOT VOLCANISM OF NORTHWEST UNITED STATES

AND CANADA

The article which precedes this is of great interest in
presenting a newly discovered photograph (Page 3) by Mr.

Loomis taken on May 22, 1915, at the same time as the
one reproduced in Volcano Letters Nos. 266 and 304. The
new one is different in showing the east side of the crater
region of Lassen Volcano so clearly as to make it plain
that the summit dark area is an unmistakable aa flow.

Lassen Volcano, therefore, produced in the end phases
of its eruption May 19-20, 1915, stiff lava flows from its
crater lips both east and west, and though the explosion
of May 22 destroyed part of the eastern flow, fortunately
Mr. Loomis was there in time to record its presence, and
the remaining lava in the crater and on the west side was
left in place to cool off where it may be seen today.

The history of the Cinder Cone and of Glass Mountain
in that same volcanic district shows the area capable in
recent times of pouring out extensive flows into the forest.
It is still possible that within a few years activity may be
renewed somewhere in northern California from the volcanic
system represented by Lassen and Shasta, so as to pour
out fresh lava flows. Mr. Finch shows how many places
in the northwestern United States are active volcanoes
with evidence of volcanic heat.

In addition to these places there may be mentioned the
numerous hot springs of California thoroughly investigated
by Waring (U. S. Geo!. Surv., Water-Supply Paper No. 338,
1915), and some of these are boiling and accompanied hy
steam jets, as at Devil's Kitchen in Lassen Park shown on
Page 4. Especially noteworthy is The Geysers canyon
where steam is used for power north of San Francisco in
the St. Helena range. Near Clear Lake there are old vol­
canoes, and there are boiling waters at Calistoga, and at the
Little Geysers, and fumaroles at the sulphur bank, which is
near to The Geysers. At The Geysers there is super-heated
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steam and volcanic gases, pointing to a magmatic ongm
(Steam Wells at The Geysers, California, by E. T. Allen
and Athur L. Day, Publication 378 Carnegie Institution,
1927). This can only mean excessively hot gas-charged
magma under the Coast Range close to San Francisco and
not far from the center of the earthquake of 1906.

In addition to the abundant volcanoes of the Sierra
Nevada and the Cascade Range from Lassen Peak to Mount'
Baker in 'Washington, Professor R. W. Brock (Proc. Third
Pan-Pac. Sci. Congo Tokyo 1926, Volcanoes of the Canadian
Cordillers, p. 688) reports the discovery in 1909 of volcanic
cones and lava flows 40 mile north of Vancouver, and also
hot springs, marking an extension northward into Canada
of the active volcanoes of the United Stat~s. The volcano
Garibaldi is a cone rising 3,500 feet above the plateau to a
total elevation of ,700 feet, made up of cinders with some
interbedded lava streams. In the Lillooet District there is
andesitic pumice covering 1,500 square miles. On Naas
River in British Columbia there is a lava flow consisting
of olivine basalt, 20 miles long, and said by the Indians to
be less than 200 years old. It dammed a river forming
what is called Lava Lake, and there are explosion cones
five in number, the description of which closely resembles
that of Cinder Cone at Lassen. On the Unuk River there
are other recent lava flows and vents so fresh that the
volcanic ash can still be seen as black patches on the
glaciers. Craters and flows on Ruby Creek in the extreme
north of British Columbia, vast deposits of volcanic ash on
the Yukon plateau, a volcanic cone north of the Pelly River,
and some other places, lead Brock to the statement, "Com­
plete exploration may show as much recent volcanic ac-

tivity in western Canada as in most sections of the Pacific
volcanic girdle." T.A.J.

DEATH OF PRESIDENT THURSTON

The editor records with the utmost grief the death on
May 11, 1931, of the Honorable Lorrin Andrews Thurston.
President of the Association, in Honolulu.

KILAUEA REPORT No. 1008

WEEK EKDI G MAY 17, 1931

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

Volcanic conditions are very quiet at the Hawaiian
volcanoes and at Kilauea the only seismic movements of
any consequence are very slight tremors. At Halemaumau
pit on the inner floor of Kilauea Crater a visit at 10 a. m.
May 14 showed everything quiet about the bottom lava of
1930, no steam was visible at any vents, and a little fume
was infrequently detected at a yellow sulphur spot near the
middle. One or two rocks were heard falling at the north­
eastern and northern walls of the pit. The same conditions
were noted at 9: 15 a. m. May 16, and a small slide occurred
at the north wall at 9: 25 a. m.

Twenty-eight tremors were registered on the Observa­
tory seismograph during the week ending midnight May 17,
and one very feeble local seism at 4: 41 p. m. May 13. Tilt­
ing of the ground accumulated slightly SW, and microseis­
mic motion was slight.

Lassen Peak from the northeast May 22, 1915. The dark area under the steam cloud

is a part of the eastern branch of the lava flow that came out during the night of

May 19-20, 1915. Photo B. F. Loomis.
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Steam escaping with velocity in Devil's Kitchen, Lassen Na­

tional Park, November 14, 1930. During the summer the seat

of the principal vent was a boiling pool of water ten feet in

diameter. The steam was above the boiling point for that
elevation. A cold, disagreeable rain was always falling under

the vapor cloud. Photo from Finch.
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South end of St. Paul Island in the Pribilofs showing Gorbat rookery and Reef Point
rookery with Otter Island in the extreme distance and St. Paul village beside the

salt lagoon on the right. Photo Rauch.

ST. PAUL ISLAND IN THE PRIBILOF GROUP

During the writer's visit to the Aleutian Islands in 1917
he had the privilege of meeting Mr. William P. Rauch who
kindly gave him specimens he 11ad collected on St. Paul
Island, the larger northwestern member of the seal islands,
or the Pribilofs, where the fur eal are protected by the

nited States. St. Paul lies 200 miles north·northwest
from nalaska Island in the Bering Sea, and off the line
of the Aleutian Island. 1\11'. Rau h took photograph, 0 e
of which are reproduced her with. The rocks of the
Pribilof Islands have recently been de cribed by ·Washing·
to and Keye (American Journal of clence,. Tovember.
1930 l. One of the pebble collected by Mr. Rauch is de·
scribed by these author a hyaloba anite, a ba altic lava
wbich would have contained much nephelite if the lava had
been completely cry tallized. Tbi rock al 0 contain
olivine. Other specimen ar ordinary fine-grained ba all.

Mr. Rauch write: "I obtained a mall piece of edi·
mentary rock containing hell, and have turned it over to

Dr. P. mith, Alaskan Branch, U. . Geological urver.
This sedimentary rock \Va some ten to twelve feet above
high tide, embedded in the P rpendicular cliff just to the
right of what is known a Ea t Landing on St. Paul Island.
I should judge that weathering and beavy seas had exposed
it. The whole island gives one the impression of a sort of
volcanic fairyland so many diminutive volcanic cones and
craters, so small, and so dltrerent."

Black Bluff, a sea·di cted cone on the eastern coast.
contains tuff with round d, calcareous, or marly clay frag·
ments with fossil shells of post·Pliocene age and of species.
now living including walrus bones. There is no glaciation.
The island is volcanic and according to Stanley·Brown

Bul. Geol. Soc. Amer., Vol. 3, 1 92, p. 496) was built up.
arter the Tertiary with outpouring of lava from a centraL
v nt in a ubmarine eruption. "Its surface is diversified!
by at lea t a dozen cone and vents of unusual symmetry,
urrounding in irregular rashion a true crater dome some

6uO feet in height called 'Bogo 'lof'" (not to be confused
wilh Bogo lof, the active volcano near L'nalaska). '''a h­
in~ton and Keye ay, "The i land of t. Paul, the largest
of the Pribilof . ha a great t length of about 13 miles be­
t 'een it northea t and outhwe t point, and width of
from 6 to miles. It area i' about 33 quare mile. In
it.' early tage it may have con isted of a group of 10 or 12
mall I land. now joined tog ther. The lava flows gradually

built up the ba ement floor of the i land. and these were
v i ular ba alt rich in olivine. There followed from the
central vent great flow or basalt, with others from smaller
cones, all together con tituting an overlying sheet. It is
more crystalline than the basement lava. The marked
contact of the two heets is near sea level. There are thin,

unbroken lava domes" and small spatter heaps. No an­

desitic 1101' trachytic lavas are present and tuffs are rare.

An analysis of the nephellte basanite by Washington and
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Reindeer herd on St. Paul Island, looking southwest on the south side of the island

in the region north of the salt lagoon. Photo Rauch.

Keye how a compo ition rich in iron, titanium, magne ia,
lime, and the alkalies, with 44 per cent of silica.

St. George Island, about 40 mile southea t of St.
Paul, reaches a height of a thou and feet, is bordered by
bluffs, ha a basement of dark basalt, and contain many
breccias and tuffs a well a. ome non-ba altic lava. There
is ande itic ash a d po sibly trachyte occur .

As to activit~· in recent tim s, flames are said to have
been seen to rise from the s a northeast of the PribiJof
Islands, and a submarine ruption is recorded for 1 15
northeast of 5t. George, wh· r the1'e are small circular
shoals at depths of from thr e to eight fathoms. Out in
the middle of Bering ea Pinnacle Islet five miles outh
of St. l\latthew Island. was cit d by Elliott as having been
in au almost constant state of activity ince it di covery,
and a being active at the tim he wa there in 1 74. Thi
author also thought Otter Island, a small rock out west
of St. Paul (faintly visible in the distance in the photo­
graph reproduced un Page On ), had been recently active.
All of these facts are culled from \Va. hington and Keye .

Mr. Rauch made the a companying ketch map on
Page Fonr to expre roughly the po ition of hi photo­
graph. The map hould be turned 0 a to make the long
right-hand point turned north a t, and not east, St. Paul
village is thus at the outh end of the i land. Ru h Hlll
665 feet high is the highest point on the island at the west
end, and the principal anchorage is in English Bay we t of
the village. The photograph on Page One how Reef
Point which projects south of the vlllage, on the right are
seen the village houses. and in front of them is the salt
lagoon bordered by tundra ftats. The entire island is
grassy, without shrubs or lr es, and the same is true of
the Aleutian Islands. A considerable herd of reindeer is
maintained on the island as shown on Page Two. There
are two fur seal rookeries on the two points near the vil­
lage, and on the lowland bars of the northeast point there

is the large teal rookery ~round. Formerly a drum trac­
tor was used tor hauling the pelt acro the i laud, now
there is a wire cableway.

Looking into the interior of t. Paul Island from the
village northward, one ee flat, grassy, rolling country
with the alt lagoon in the foreground and four or five
cones beyond, of which Bogo lof i the most dome-like.
Standing on the top of Bogo lof and looking we tward we

ee six or even cones with marked tendency to horseshoe
shape, the opening of the horseshoe generally facing to­
ward the north a though the prevailing wind tended to
build the higher heapings of the lava fountains toward the
south. This is th cene photographed on Page Three.
From this elevated point the ex pan e of flat tundra to the
northea l cover about one- eventh of the island, all v ry
slightly elevated above the sea. A large triangular lake of
brackish water is inclo ed by two bars which have hut
off the lake by connecting an outlying i let with the main
island at the northea t point. Such ponds are common
partly a fresh water crater lakes and also a longshore
lagoon a shown on the map by L. The letter V on the
map indicate volcanic hill and crater. Looking south­
ward from the ummit of Bogo lof one ees a broad lope
leading down to the outhwe tern embayments, all gra ­
land over lava, with mall lava pits in the foreground, the
topography suggesting the pahoehoe of Hawaii. The lava
conelets of the Pribilofs are much more Hawaiian in qual­
ity than the eastern i lands of the Aleutians, but in some
of the we tern Aleutian islands there are wide lava flats
greatly resembling the photographs of SL Paul.

\VUh reference to the opening northward of the hor e­
shoe cones and the sweep from northeast to southwest of
the barrier beaches that trail to the main island from the
northeast point, it seems probable that the constructional
action of the sea has been from northeast to southwest
with the prevailing winds, thus smoothing the northern and
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:outhea tern shore, and lea\'inl1; bar at the outhwe t.
A there are three distinct embayment and two of them
fairly deep on that ide, it may well be that the volcanic
tume cence which accompani d the outpouring of lava had
a tendency to uplift at the northea t and orne drowning
of topographic depres ion at the outhwest. The salt
lagoon next north of the villag . and the topography of the
three bay adjacent to it. ul1;l1;e·t drowned valley amon
lava-tlow ridge. T.A.J.

KILAUEA REPORT No. 1(09

WEEK E TDl!\G lAY 24. 1931

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

At Halemaumau pit of Kilauea rater a slide occurred
on the northwest wall about 9 a. m. May 1 sending up a
dust loud. At 10: 30 a. m. fum at the larger sulphur spot
Oil the floor had slightly iner a ed, but there was very
little vapor ri lng from the w t area of the outh talus.
The avalanche was seen to have left a slight scar on the
wall. Other sulphur pot be ide the fuming one wellt of
the center are bright yellow again t the black floor, par­
ticularly one at the far we tern ide.

The Observatory ei mograph' regi tered 25 tremor
and one very feeble local ei m, the latter at 12: 1 p. m.
• lay 23. Tilting of the ground wa moderate SW, and
micro ei mic motion very light.

Photograph taken in July 1927 from the summit of 80goslof hill in the middle of St.

Paul Island looking westward toward Rush H ill in the extreme distance, that being
the highest point of the island. At the right is shown a horseshoe cone resembling

Diamond Head at Honolulu. Photo Rauch.

Page Thru
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Sketch map by William P. Rauch in 1927 at St. Paul Island showing roughly the

many volcanic eones (V), little fresh water lakes (L), the large northern lake of

brackish water, and St. Paul village at the south. Map should be rotated to make
the eastern point northeast. Compare charts 8802 and 8995, U. S. Coast and Geo-

detic Survey.
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Pumice Stone Mountain, west of Medicine Lake, California, seen from the south.
The white pumice closely resembles snow. Photographed July 13, 1930.

Earthquakes

As in the preceding years, nearly all of the shakes bad
tbeir origin in the Lassen massif.

Rainfall

43.32 inches
42.10
38.65
38.94

266 shocks
37
96
74

July 7 shocks
Augu t 5
September 4
October 4
November 14
December 14

the last four years are

for eacb of the last four years

1927
192
1929
1930

The total precipitation
was as follows:

1927
1928
1929
1930

The seismographs at Mineral recorded 74 earthquakes
during the year. These disturbances by month were as
follows:

January 5 shocks
February 7
March 5
April 4
May 5
June 0

The numbers recorded during
as follows:

LASSEN REPORT No. 29

SOME WORK OF THE LASSEN VOLCANO
OBSERVATORY 1930

R. H. Finch, Associate Volcanologist.

Mount Harkness Seismographs

A two-component Hawaiian-type seismograph has been
installed in the basement of the fire lookout observatory of
the National Park Service on the snmmit of Mount Hark­
ness, 12 miles east-southeast from Lassen Peak, California,
elevation 8,039 feet. The instrument was started in opera­
tion on August 21, 1930, but owing to early snows Mr. H. C.
Lind, the fire lookout and seismograph operator, was called
away a little before the last of September and only a little
over a month's record was obtained. The observatory
building is located near the summit of a cinder cone that
rests upon a lava base. Some earthquakes were recorded
better on the Mount Harkness instruments than on the
ones at Mineral.

Tilt

All instruments needed occasional attention to correct
for tilting. The accumulation of tilt from the Mineral
seismographs appears to be less during 1930 than in former
years. Coincidental with a southwest tilt at Mineral there
was a southeast tilt at Harkness. Of course, it is not yet
know whether the Harkness tilt is local or not.
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View taken July 12, 1930, looking westerly across Burnt Lava Flow from edge of
High Hole Crater.

"Burnt Lava Flow

Remarks
Algae and encrusted salts.
Very sluggish. Algae present.
Less than normal flow. Some

larvae present.

In July a topographic map of Burnt Lava flow, to the
southwest of Glass Mountain and south of Medicine Lake,
and 80 miles north·northwest from Lassen Peak, was made
·and specimens collected. Dr. C. A. Anderson, of the Uni­
versity of California, is to make a study of the specimens
.and a report of the flow will be prepared for publication.

Hot Springs Temperatures

Temperatures of springs at Morgan Springs on August
'6, 1930, air temperature 88 0 F. follow:
Spring Temperature
No. 1 156°F
No. 2 125 0

No. 3 upper 196 0

No. 3 lower 178 0

No. 4 east 1950 Flow very slight.
No. 4 west 1640 o. 4 area has been drained

by ditching.
!No. 4 clear pool 1620

No. 9 No flow.
No. 17 steam at top 200.5 0

No. 17 hot water 201 0 Volume as usual.
No. 20 200.5 0

No. 23 south 200 0

No. 23 north 196 0

Geyser 202 0 Volume normal.

At Boiling Lake August 12, 1930, air temparature 82 0
:

Large mud pot northwest 196 0

Boiler southwest edge of lake 1950

Boiling pool south edge of lake 194 0

Dry steamer above south end of lake 201 0

South end of lake 133 0

North end of lake near outlet 121 0

The water of boiling lake was about 12 inches below

outlet. The lake level is the lowest it has been for several
years according to Mr. Roy Sifford.

Temperatures at Devil's Kitchen August 12, 1930, were:
Mud pot northeast side _ 198°F
Mud pot north side 188 0

Boiling pool north side, clear water 5 feet deep,
small inflowing stream, no visible outlet 190 0

Boiling pool north side, no visible inlet or outlet.. 196 0

Large boiling pool north side with pyrite scum 1940

Steamer northwest end (poor exposure) 198 0

Big boiler southwest side 196 0

Steamer southeast side 198 0

Big boiler east end. Pool 10 feet in diameter. Main
part of boiling jets goes to a height of 46 feet,
small jets reach 10 feet 196 0

Steamer below Big Boiler 198.5 0

At Bumpass Hell, air temperature 71 0
, the following

were obtained August 14, 1930:
High western pool 193 0

Mud pot west of No.1 1940

No. 14, East pool 18So

No. 14, Middle pool 191"
No. 14, Big steamer 201"
No. 16 193 0

Steam vent Bumpass Creek below Bumpass HelL 196 0

Little Hot Springs Valley, August 14, 1930:
Clear pool east terrace 1940

Mud pot, east terrace 1940

Yellow pool 1870

Steam vent creek edge. Only fair exposure, steam
emerging with considerable noise and pressure
so that it was difficult to hold thermometer in

vent even when tied rigidly to a stick 211·
Boiler surrounded by cold water in edge of stream 188·
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At Supan's, August 15, 1930, air temperature 82 0
:

Big steamer (sometime in July this vent became
more active and scattered mud for a distance of
40 feet from its edges) 194°F

Big steamer on October 31, Spring overflowing 192 0

At Lassen Crater, August 20, 1930, air temperature 58 0
:

East vent near center of crater 132 0

Middle vent under large rock _ 1200

Vent between two rocks north side of central area._ 162 0

Steam vents above west edge of lake _ _. 146 0

For earlier measurements of these temperatures at the
various Lassen localities, see Volcano Letters Nos. 110, 162,
236, 238, and 279.

Land Slipping at Supan's

So many of the stakes were broken off that it was not
possible to retape this area. Transit observations, how­
ever, failed to show any down-slipping. A new set of iron
stakes was installed.

KILAUEA REPORT No. 1010

WEEK ENOl 'G MAY 31, 1931

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

At the Kilauea fire pit on May 27, 11 to 11:15 a. m.,
steaming was slight at all the active vents, no steam show­
ing on the south talus, a little on the west talus, and vigor­
ous on the southeast rock bank. Fume was slight but
steady at the west central sulphur area. A large scar
from a slide showed on the north wall at the rim. At
1 p. m. a large dust cloud was seen rising north. On May
30 a very little steam showed on the south talus. Other
conditions remained without changes.

The Observatory instruments registered 1 very feeble
local seism and 33 volcanic tremors, including two and a
half minutes of continuous tremor on May 25 and harmonic
tremor from 4: 06 to 4: 24 p. m. May 29.

Tilting of the ground was moderate ESE. Microseismic
motion was slight.

View showing the two parts of High Hole Crater in Burnt Lava
Flow. Photographed July 12, 1930, by R. H. Finch.
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Recording drum of Hawaiian Type Seismograph as installed at Mount Harkness.
Drum covered with smoked "glassine" paper, Two pens write under the electro­

magnet, which lifts them every minute. They are connected with N-S and E-W

arms. These are horizontal pendulums damped at the two small oil tanks. Drum
moves along on Its spindle.
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Dutch Harbor seismograph hut beside wharf tramway of Naval Radio Station as
installed July 1929 by Austin E. Jones, so as to place instruments at some distance

from the machinery. Looking east on Amaknak Island toward the entrance to

Unalaska Harbor.

DIFFICULTIES OF ALASKAN EARTHQUAKE STUDY

The United States possesses one of the most important
Volcano belts in the world in the Alaskan Peninsula and
the Aleutian Islands. For a length of eighteen hundred
miles from Attu at the west the ridge which separates
Bering Sea from the Pacific Ocean extends in a pure curve
northeast to Mount McKinley, rising higher and higher
from islands at the west to the mightiest mountain in
North America at the east. At the north is a shallow
ocean, which is just as much a part ot' the combined \sia­
America continent as is the Yukon Valley. It merely hap­
pens to be flooded with salt water in the present episode
of geological time. At the south is the great Aleutian Deep
reaching four thousand fathoms, a cleft or valley or sunken
trough trending parallel with the Aleutian ridge, and in
some way compensating the mysterious curved elevation.
In like manner Japan is a curved ridge with the Tuscarora
Deep east of it, with the outside of the curve toward the
Pacific. Both places are famous earthquake belts with
lines of volcanoes along the ridge. There are forty vol·
canoes reputed active in the Aleutian belt, many of them
snowy peaks of greater and greater elevation as the line
is followed northeastward to the upper part of the Alaskan
Peninsula. The geology ot' the Peninsula and the islands
shows folded sedimentary rocks of Mesozoic and Tertiary
age, broken through by many igneous rocks, and overlaid
by volcanic lavas and other accumulations along with
glacial deposits.

The problem confronting the student of volcanology in
such a place is to layout a campaign for making use of the
resident population to discover how many eruptions and
how many earthquakes occur, where they occur in great
number, what other movements like tilting of the ground
are present, and in addition to explore individual volcanoes,
promote mapping on land and sea, and gradually to acquire
knowledge of places that may be used as strategic centers
for continuous study of earth movements, hot springs, hot
gases, and the action of lava underground.

The Section of Volcanology of the United States Geo­
logical Survey made a beginning in 1927 by establishing
an Hawaiian-type seismograph in the Agricultural Experi­
ment Station on Kodiak Island, shown on map of Alaska
as the large island lying southeast of the upper part of the
Alaskan Peninsula. In 1928 the volcanic area around
Pavlof Volcano was mapped by the writer through an ex­
pedition conducted under the National Geographic Society.
In 1929 another seismograph of the same type was estab­
lished at the Naval Radio Station in Dutch Harbor on the
island Unalaska (see Volcano Letter April 2, page one).
Meanwhile an exploration had been made by way of recon­
naissance all around the Peninsula and away out to Attu,
in sequence upon a journey in a schooner through some of
the eastern islands which had been made in 1907. All of
this has shown us what the Aleutian lands are like, vast
tundra flats with meandering streams on the north side of
the Peninsula, rugged mountains and fjords crowned with
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Seismograph hut at Dutch Harbor looking south, showing the harbor and mountains

of Unalaska Island. Unalaska village just outside of picture on the right.
Photo Jones.

volcanoes at the south, and these extending west through
the grassy islands amid a climate of storms and fogs all
the year around. There are a few villages of Aleut Indians
and Eskimo, some canneries, huts occupied by winter
trappers, and two or three sheep stations. Kodiak and
Unalaska are the largest villages. In a few places there
are resident white traders and officials throughout the year.

Until the present time, with between two and three
years of record for the two seismographs at Kodiak and
Dutch Harbor, there have been registered on the seismo­
grams a few score local earthquakes and a very few distant
ones. As a whole both places are disappointing in seis­
micity. Interruptions in operation due to storm and me­
chanical difficulties have been frequent. Storm microseisms
are often so bad as to make seismic movements unrec­
ognizable. Winter cold and wind and deep snow have pro­
duced rust and leakage and heaving at the unheated con­
crete huts, making endless trouble with the delicate clo"k­
works, time pieces, electric contacts, wire connections and
pivots which are essential parts of a complete two-com­
ponent high-magnification seismograph. Neither Kodiak
nor Dutch Harbor is actually at an active volcano, Kodiak
being about 110 miles from Katmai and Dutch Harbor some
twenty-five miles from Makushin.

The observers employed to tend the seismographs have
all been devoted, conscientious women who were wives of
officials or bnsiness men, and who do their utmost to keep
the machines going even though the seismograph huts are
buried under snow. The duties of these observers are four­
fold: (1) to tend the seismographs, (2) to keep seismo­
graphs in repair, (3) to file and mail the seismograms, (4)
to keep notes on volcanic happenings reported. It seems
simple to anyone trained in physics to test the period, the
damping ratio, the magnet adjustment, the tilt changes, the
battery decline, and the time error of a pair of pendulums
and an electrically connected eight-day regulator pendulum

clock marking minutes and hours. It does not seem simple
to untrained people buffeted by one of the most rigorous
climates in the world, and with inspection by seismologists
only at intervals of a year or more. All of this in a place
without electric lights or watchmakers, where procuring
supplies is difficult, where the building is unheated and
the cold is intense, makes seismological registration a very
different matter from Hawaii or California where supplies
and assistance are abundant.

The following is from Mrs. M. V. Watkinson, the oper­
ator at the Kodiak station, who has to walk from her dwell­
ing a mile or so up a hill to the seismograph chamber in
an abandoned milk house of the Agricultural Experiment
Station:

"February 21, 1930. We have had a great deal of
trouble with the seismograph. The weather has been very
severe, the natives say the worst for the last 40 years, so
that all the water mains have been frozen. The storm has
been almost continuous for twenty-eight days and has not
broken yet. The time lift of the pens is not working right.
The annunciator wire became saturated with moisture, in
fact moisture was dropping down from walls and ceiling
of room, and there were beads of water making a short be­
tween the wires. I changed the wires to waterproof cov­
ered ones, but this did not remedy the trouble. We found
that the contact points of the clock were sticking, and fixed
that. On February 4 and 5 the weather was so bad it was
impossible to make my way up the hill. I started but had
to turn back. Finally the seismograph went out of com­
mission altogether owing to the heaving of the posts by
frost. I have the machines running again, but not properly
as the posts heaved diagonally. Yesterday I made the bump­
ing test for period" (this is made by a light hanging weight
giving a measured acceleration to the heavy mass).

"March 22, 1920. The continual severe weather has
driven a number of halibut boats into port for repairs. The
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weather has been so extremely cold, with regular blizzards
of snow, that it has been impossible to stay in the chamber
more than a couple of hours at a time in spite of the oil
heater. The records I am now sending do not mean much
beyond recording the process of trying to get the machine
to run properly.' On anotber day came the news of an
epidemic of influenza with the operator and her two sons
ill. In January another violent storm was reported "raging
so that it was impossible to face it up the hill." A note of
December says "there is no record for the 15th as the new
driving clock would not fit. We were so disappointed as
there were earthquake shocks next day, and we had numer­
ous inquiries from up and down the coast as to wbether
they were recorded here, and it kind of hurt to have to tell
that our instrament was out of commission."

The following are human documents from the journal
of Mrs. Esther Wendhab, wife of Naval radio operator at
Dutcll Harbor, who tends the seismographs:

'March 18, 1931. Got 'stormed in' away from home and
was unable to change the records. March 23: 'Was afraid
to go out in the northwest wind on the icy trail. Captain
Nelson of the Eunice reported a volcano smoking terribly
with thick black fumes, where before he has only observed
white steam, at Tulik on Umnak I land. He passed it
March 21 and so unusual was its action he believes it is
about to erupt. There was no record on the seismograph.
March 29: Two earthquake shock this morning, and the
needle that has been causing trouble made the best record.
April 2: The clock is going wrong again. The minute
contact points are worn and get dirty very fast. I believe
it will keep causing trouble, but I will do my best."

"February 18, 1931. Took mail to town and it stormed
so badly I could not get home at all, so did not change
record until following monrning. February 20: No trace

of the seismograph building, had a hard time finding it, as
all landmarks are under snow. Found it by the huge bank
of snow that I've been piling up to get to the door recently_
February 23: Ko chance of getting down to change record
today. Terrible storm and blowing SE at seventy-five miles
per hour. Will have to use the long stick again, to prod
around to find the building, because even the snowbank
will be gone now. February 26: The pen point came out
again and stopped writing. "'eather so bad nearly im­
possible to get down trail. •-atives born and raised here
(a year later than Mrs. Watkinson's report) call it the
,vorst winter they ever witnessed, with the most snow,
twenty feet deep in many place and getting worse. Have
to find the building and dig it out every time now. March
2: 'Worked all day yesterday and fixed the arm. Put it on
this morning after I finally got in. March 14: Had to fix
the clock again as the points were dirty, but have it going.
'Weather still bad and sorry I have the work to do in such
hacl weather. They teU me this is the last month of that
and then I believe it will be a pleasure again. It will be
so much easier that it will make up for some times I've
nearly frozen getting there, I'm sure. There is no news
locally about any disturbances."

This sort of heroism in the cause of science deserves
going on record, and was not contemplated when these
stations were established in summertime. These docu­
ments show why the writer is so anxious to perfect a
simple seismograph to register numbers and intensities of
local shocks. Geographical distribution of shock-recorders
is more important than attempts at precision where pre­
cision is impossible. Twenty shock-recorders placed with
school teachers or trappers in different places in Alaska,
some of these living yery close to an active volcano, will
tell more than precision instruments, until such time as a
large observatory may be establi hed there. T.A.J_

Early model Hawaiian-type, two-component, horizontal pendulum seismograph in­
stalled in dairy house Agricultural Experiment Station, Kodiak. In this model the

damping vanes, in adjustable oil tank, are near the heavy masses, which are filled

with sand and weigh approximately 160 pounds each. Magnifying levers write on
smoked paper on the drum. Paper changed and shellacked daily. Time clock in

same room, corrected by telephone from radio station. Photo Jones.
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Unalaska in winter time. Seismograph station of U. S. Geological Survey is among the snowy hills on the

left. Photo Yatchmeneff.

KILAUEA REPORT No. 1010

WEEK ENDING JUNE 7, 1931

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

On June 1 at Halemaumau pit of Kilauea Crater very
faint fume could be seen at the sulphur spot on the floor,
and vapor was thicker at the southeast rock wall at edge
of floor than at the south talus. On June 3 the pit seismo­
graph indicated quiet conditions and the rock wall steamed
less. At 9: 30 a. m. June 6 a slide occurred at the north
wall.

Thirty tremors and one very feeble local sei m were
registered at the Observatory, the latter at 8: 41 a. m. June
6, indicating distance of origin 25 miles. Tilting of the
ground was slight ·WSW., and microseismic motion was
slight.

TILTING OF THE GROUND FOR MAY

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 pro·
gressive seven-day averages. This is the departure of the
plumbline in the direction given.

May 4-10 0.9 second E.
May 11-17 1.8 seconds SW.
May 18-25 . _ 11 seconds SSW.
May 26-June 1 7.7 seconds SSW.
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PREPAREDNESS AGAINST DISASTER

Address before Hilo Chamber of Commerce June 9, 1931,
by T. A. Jaggar.

Recent Disasters

Recently there have been earthquake disasters in
Japan, Mexico and New Zealand. The Napier earthquake
in New Zealand has awakened the world again to the prob­
lems of fire following terrific earthquake at a place of
population congestion, just as at San Fancisco in 1906, and
at Tokyo in 1923.

Hila, Hawaii

To the Associated Engineers of Hawaii January 16,
1918, I talked on the "index of danger from volcanoes,"
showing that the four classes of disaster to a volcanic land
.had happened in Hawaii. These are:

Class I, Explosion and volcanic blast
Example, Kilauea in 1924

Class II, Lava flow
Example, Hilo in 1881, Hoopuloa 1926

Class III, Earthquake
Example, Kau 1 68, Puuwaawaa 1929

Class IV, Tidal wave, Example Puna shore 1868,
Hilo 1877, 1923

As each of these is represented by damage in this cen­
tury, the topic is a live one. We have recently seen in ad­
dition terrific wind storms in Honolulu and rain floods
damaging shops in Hilo. The wind combination along with
lava flow or earthquake might be very serious for Hilo.

The 1918 lecture was published in Bulletin of Hawaiian
Volcano Observatory January 1918, tidal wave damage in
Hawaii was reviewed in Volcano Letter No. 321, and the
cycles of Hawaiian volcanic happenin in Volcano Letter
No. 325.

Napier Earthquake

The best way 0 envisage preparedness at Hilo is not
to speak in hushed whispers because we are timid about
frightening tourists away from our real estate. This is the
attitude of some mainland cities. The insurance attitude
is the correct ne, expect fires, but put them out. If a
terrific earthquake wrecks Hilo, let us in Hilo make a
llerfect demonstration of calm, unruffled preparedness,
with the ready service of supplies that General Pershing
had when he jumped in and helped at Chateau Thierry.
There is no use in having hysterics about these things nor
in publishing anything. The thing to do is to keep quiet
and get action.

Now let us see what happened at Napier. Wherever
you were, in your car, on the road, standing indoors, stand­
ing outdoors, suddenly there comes a tremendous crash
like and explosion and down you go. Everything goes down,
houses, bridges, gulches, cliffs, fires start, road fills crack
open, automobiles fall into the cracks, wharfs are all down,
some of the shipping is grounded, the breakwater has
settled out of sight in places. In other words, the enemy
has hit Hilo with a Big Bertha. The railway is out of
commission, emergency telephones are called for as the
wires are all down, the water mains have burst, the sew­
age is interrupted, the fire engines are pinned in their
houses, the roads are interrupted by landslides. More than
all, the people are struck dumb with shock, and until a
warship arrives, to which this sort of thing is all in the
days work, the population is dependent on whatever leaders
}lappen to be soldiers.

Rescue parties are organized to dig out the wounded,

portable cranes are in demand. Explosives must be used
to demolish tottering masonry, which is likely to kill more
people with the thousands of aftershocks that are coming
along. Temporary wireless is one of the first requirements
as the radio masts are down. Airplanes are summoned to
rush anesthetics and medical supplies, for these things have
given out. They have to be carried by air. A large number
of tents are needed for temporary hospitals, and the roads
interrupted by slides and cracks are not immediately avail­
able for carrying people to towns which suffered less. Sea
transportation is organized as fast as possible by wire­
less but that takes some time. The water supply being
cut off, it is necessary to get in a chlorinating plant,
organize a road survey immediately, and start work on
pipes for an auxiliary water supply from a place where
fresh water is available. The contents of the banks are
laid wide open as well as many other valuable safes and
cash drawers, and martial law is immediately organized
by soldiers and constables who understand such things, a
ring of pickets is run around the city, looters are shot on
sight by marine guards. The jail prisoners are called out
for digging, and do heroic work of rescue. Many motorists
are caught in gorges and gulches and search parties have
to be organized to seek them. The post office department
is entirely disrupted and a quick reorganization is called
for, as inquiries begin to pour in by mail as soon as any
partial organization has been made; people inquire for the
safety of their relatives. All lights go out at the very be­
ginning and the organization of a temporary lighting plant
and the cleaning up of wires is of first importance when
the darkness of night settles over ruins, where work has
to continue with the aid of flares, and where valuables
have to be guarded.

Necessarily the Navy and shipping are of great use,
and there were three ships which reached Napier. A small,
compact, efficient, relief committee was found to be the
first requirement at Napier and the organization of an in­
formation bureau to answer inquiries. Within a week
when outsiders arrive to bring relief, there is need of
quarters to correspond with the destroyed hotel, and there
is need of increased wharf facility. Free meals have to
be organized with the relief funds. Now there is need for
a card record of hospital cases, of which there were 2,200
at Napier. The stoppage of the sewers and the bad water
supply made it necessary to get together as many trucks
as possible as soon as the road gangs had opened a way to
get out of the district, and 5,000 people were evacuated
from Napier and Hasting to a neighboring town which
had not suffered, Palmers ton. Palmers ton organized itself
to receive the transport of refugees. There was an acute
clothing shortage, and notices had to be placed in news­
papers of other towns instructing the public what to send,
for they sent too many groceries and too little clothing.
The loss at the central towns was of the order of 15,000,­
000. Fire insurance was simply not paid, for the situation
was just the same as at San Francisco and Tokyo, and
companies when they do write risks involving conflagration
always reinsure with other companies. Only when earth­
quake is specified, and fire resulting from earthquake, and
when these risks are paid for, can there be any expectation
of restoration by insurance. After the event in all these
cases, San Francisco, Tokyo, and Napier, insurance com­
panies wrote earthquake risks. This is always done with­
out any logic, on the part of the owners seeking insurance,
who try to save the horses after the barn is burned down.
Then after 45 or 50 years when there is real danger, every­
body has forgotten it, insurance has been withdrawn, the
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building code has been relaxed, and it all happens over
again. Such is human nature.

Organization for Preparedness

Every city should have a small committee of far-seeing
men accustomed to administer discipline, representing com­
merce, public health, police and national guard, transport,
and statistics. These people should have a clean-cut war
problem with map of the city, just as war problems are
worked out hy General Staffs. The needs in time of dis­
aster may he small or big, local or general, hut the big
po slbilities should be looked at so that nobody will be
surprised. The needs are:

(1) Organization of discipline and communication.
(2) Organization of rescue.
(3) Organization of relief.
(4) Organization of relief funds.
(5) Organization of camp for refugees.
(6) Organization of rebuilding.

(1) Discipline and Communication

This in Hilo would naturally fall to the Police service
and the National Guard, and the communication side of it
would call for the assistance and representation of the
Naval and commercial wireless. Public Health agencies
would be needed right away, and a representative of every­
body possessing motor trucks.

(2) ,Rescue

This calls for large forces of laborers and truckmen,
the National Guard to protect property, Boy and Girl Scouts
to act as messengers, all the auxiliary police availahle, and
all the resources of the Red Cross, including everybody
who has had lO.ny nurse training.

(3) Relief

The prompt selection of camp grounds, creation of sani­
tation, and finding of auxiliary water, light if the main
sources are destroyed, and assembling of food supplies have
to be governed by circumstances. This sort of thing is
best directed by some one familiar with organizing a camp
on military !ines and capable of enforcing martial law.
There are needed food supplies, tents, surgical supplies,
washing applial ces, utensils. fuel, stoves, and competent
cooks. Don't say 'get them at the hospital.'

The natural reaction of a committee is to say, "We
have camp supplies in the armory, surgical things at the
hospital, and trucks in the county stables.' Remember
that for the extreme crisis contemplated, all three may be
toppled over and burning, or under a lava flow, with 500
people dead, 1500 needing hospital treatment, and 5,000
homeless. The thin., to face is the extreme possibility, the
resources in water and supplies of Olaa and Hamakua,
evacuation by sea to Maui or Kona, the place for a sanitary
refugee concentration camp.

(4) Relief Funds

There have been cases of disaster where relief funds
have been misapplied. One of the first things to happen
when a catastrophe is announced is for subscriptions from
elsewhere to pour in. The Red Cross is the proper center,
with reputable financiers to act as custodians of money.

(5) Refugee Camp

Supposing Hilo partially destroyed under some great
calamity, it is a matter of debate where to put a relief
camp. The requirements are access to transportation, good
water, supplies of food and clothing, policing, and com­
munication by telephone and radio. If the wharves at Hilo
were not destroyed or buried under lava, the place might

be Waiakea or the airport. If a lava flow came through
that side, the place would have to be in Hamakua.

(6) Reconstruction

The rebulding after di aster has been a remarkable
feature at San Francisco and Tokyo. The same is promised
for Napier. As in the case of war, there are improve­
ments in civilization, as well as evils, that result from a
general clean-up.

One can imagine a new Hilo with a beautiful park all
along the beach from the Wailuku River to the Wailoa, and
with the railw~y moved back. One can imagine taking
pride in a new city with no advertising signs visible from
the harbor.

Actualities on the Island of Hawaii

Hilo is peculiar among cities in the world in that it is
squarely in a volcanic belt, but happens to have been
largely spared until now. So far as strong earthquake is
concerned, this is equally true of Honolulu. Both of these
places are liable to a terrific earthquake, when everybody
will be surprised, and say, "This is the first we have ever
had." Just that was said by the living generation at
Charleston, Santa Barbara and San Francisco. The reason
is that the earthquake interval overlaps several genera­
tions, and in Hawaii earthquakes in the 18th century be­
fore the coming of the whites made no impression on grass
houses.

Hilo is definitely committed to future lava flows. The
years 1 01, 1 43, and 1 59 sent flows northwest, two of
them building new land in the sea, from Hualalai and Ma­
una Loa. The years 1 52, 1 55, 1 81 and 1899 sent flows
towards Hilo, one reached 'Waiakea, and the one before it
reached Kaumana (1 55). The years 186 , 1887, 1907, 1919,
1919 and 1926 have sent flows at short intervals to the
southwest from Mauna Loa, always different places, three
of them reaching the shoreline, all destructive of ranches
or roads or villages or all three. Earthquakes destructive
and dangerous came in a swarm in October, 1929, shifting
the area of underground activity of the enemy from Ka­
huku to Hualalai, and suggesting that the north side of
Muna Loa as the center of it all will probably be the sector
where he will concentrate his artillery for the next attack.

Apart from these dates history indicates that Mauna
Loa will average activity about every four and a half years,
so that we now are on the verge of a new outbreak. There
are pros and cons that argue for a long interval in some
parts of the century, but we know too little to apply them
here. The fact is inevitable that Hilo will look up some
evening and see what resembles a bright star on the north­
east rift line of Mauna Loa, and a flow will start following
the hollows among the flows of 1 52, 1855, and 1881 in the
direction of the valley of the Wailuku River. After it has
been going a month we shall know whether it is likely to
keep going for a year. It begins with rapid aa flows, the
source cones make pahoehoe, the aa ceases, then the pa­
hoehoe slowly tongue out from above past the earlier aa
extremities, and pushing through tunnels to spreading leaf­
like fronts, the pahoehoe may creep through the forest
downward for many months. This would invade and dry
up the Hilo water supply. The lava would be fed through
a source tunnel up around the nine thousand foot level,
forking out into many tubes down below. If a flow once
got started between the 1 55 and the 1881 flows, or on the
north side of the 1855 flow, it would pour down the line of
the waterfalls of the main valley of the Wailuku, as it has
done in prehistoric times in the past, and as it did in 1881.
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The waterfall were made by many lava dams. The vi ible
tributaries are mostly from the north, tho e from the south
being buried under lava, and flowing underground. On
thi cour e the lava flow would pour trai ht through PIi­
honua, and the fate of Hilo would depend on how long the
tunnel upply of pahoehoe kept on flooding at the ource.

Ju t at this point could be applied the project to stop
a lava flow advocated by the late honored L. A. Thur ton.
And only at thi point. '0 aa flow in it early and rapid
stage could be arrested. A pahoehoe flow in the later
stage of an eruption, by rea on of the tunnel mechani m,
could be blown up at the ource tunnel about the nine
thousand foot level, or just below the source cone, so as to
dam the lava stream with rock and force it to start fre h.
The eruption would continue just as before, with the lava
starting to flow anew out of the blocked channel over the
surface of the country by a slightly changed course. If the
previous pahoehoe ftow took five months to get down near
the Hilo level, the renewed flow 30 miles up the moun tain
would require as much or more, and the city would be
given five months respite. 'I'he main source would go out
of action in that time, and Hilo would be saved. There
would be no necessity of employing the army or "T.• •.T."
Any contractor with a couple of men and some bla ting
powder, carried by pack mule from the ranch, and guided
by the volcanologists, can do the job. If the 1 1 or 1 55
situation were exactly repeated, this diversion of the flow
at the ource could be done. It could not po ibly ha\'e
been done for Hoopll1oa or Allka. The 1 55 flow la ted 15
months, the 1 59 ten month, and the 1 1 nine month.

uch durations are quite po ible now, for the tunnel flow
on the Kilauea floor in 1 19 la ted even month ,and 0
did the Kau desert flow in 1920.

The Ob ervatory ask from the Ch mber of Commerce
its omplete cooperation, with a many member of the
Chamber becoming member of the Hawaiian Yolcano Re­
search A ociation as pos ible, and taking a real interest.
Meantime we are devoting all our energies to learning how
to predict volcanic eruption.

Contemplation of the e po ibililie i thoroughly sound
e onomic for thi communit~'. and hould make each firm
a k. "lour office earthquake-proof in it construction?
Are our inve tment • our in urance. and our influence all
they hould be to PI' vent conge tion. flood, or conflagra­
tion? Are we a i ting tho e who are working on this
problem? Or are we aying. "Thi i all nonsense. Life
i too hort. uch a thing couldn't happen to Hilo."

KILAUEA REPORT No, 1012

WEEK E~DING J NE 14. 1931

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

On June S at 9: 40 a. m. seismic conditions were quiet
at Halemaumau pit and the ulphur spots on the floor and
smalI steam vents at edge of floor were as usual. The sul­
phur spots have gradually increased siuce December 1930.

A notable l"light local eal-thquake wa felt generalIy on
the I land of Hawaii at 6:51 p. m. June 11, with motion
tronger and quicker in _'orth Kona near Honokahau than

el ewhere. This wa the only place where one or two
mall object were overturned. The shock was felt a a
low motion at ~'aimea, Hilo, Kilauea, and in Kau, and

the e,idence of distance on the ei mograms made the
origin probably under :Yauna Loa. There were other very
feeble hocks felt at Keauhou Ranch at 4::!9 p. m. the
ame day and at 9: 03 p. m. felt in Hilo.

The ei mograph of the Ob ervatory regi tered four
other very feeble local ei m at 9: 0 p. m. June 12 with
di tance of origin 14 mile, at 9: 22 a. m. June ,at 3: 06
p. m. June 13 and 6: 11 June 14. In addition 2 tremors
were regi tered during the week. The total of sei mic
di turbances for the week numbered 35. Tilting of the
ground was slight ~'N\V, and microseismic motion very
small.
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Pair of Hawaiian Type horizontal pendulum seismographs, designed and built at the Hawaiian Volcano Observatory.

Two heavy masses are hinged against plates on the wall east-west and north-south. Aluminum pens connected with

booms from these masses write on a drum driven by cloc kwork and moving along on a screw. Paper is smoked

and changed on the drum every day. The cross· bar electro magnet lifts the pens every minute and hour. The
paper is shellacked and stored as the seismogram of the day. Photo Maehara.

EARTHQUAKE INSTRUMENTS HAWAIIAN VOLCANO
OBSERVATORY

\Vhen the original building of the Hawaiian Volcano
Observatory was constructed in February 1912, a prelimin­
ary equipment of instruments had been secured through
the Massachusetts Institute of Technology, and by a spec­
ial order placed in Japan. There were a pair of 100-kg.
Bosch horizontal·pendulum seismographs made in Stras­
burg. an Omori portable two-component small seismo­
graph for ordinary earthquakes, an Omori strong motion

sei mograph recording three components with an auto­
matic starter, and a large one-component Omori horizontal
pendulum of high magnification for distant earthquakes.
A cellar 1 feet square and 9 feet deep was finished in
concrete under the Observatory on the northeast edge of
the greater Kilauea Crater. This was equipped with sev­
eral concrete tables adapted to the instruments. During
the first year of occupancy the instruments were set up
and tested for the peculiarities of the Hawaiian ground,
and the portable seismograph was used for a time in the

j
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hut built near the north rim of Halemaumau. Mr. H. O.
Wood had charge of seismology from the summer of 1912
to 1917.

The tests at the fire pit showed that the insensitive
Omori portable pendulum would yield nothing distinctive
of that place. A high magnification instrument was needed.
Mr. Perret in the summer of 1911 with a delicately poised
seismoscope had shown the presence of tremors at the pit
edge when lava was fountaining inside the cauldron, and
special pulsations recording the heavier gushes of the
periodic fountain then called "Old Faithful." In September
1928 a one·component horizontal pendulum was installed
in a shallow depression dug in lava 450 feet southeast of
Halemaumau, covered with a very small shelter hut. This
instrument was built at the station, and had first been
used in Kana on the west side of the Island of Hawaii. It
hangs so as to record tilt away from or towards the center
of the pit, its heavy mass weighs 30 kg., and its magnifica­
tion is 70. It records on smoked paper, and the drum
covered with paper is smoked at the Observatory, is pro­
tected by a special box, and is carried to the pit by auto­
mobile and changed every two days. This pit registration
has made valuable records at times of outbreak, and shows
tremors and tiItings different from those at the Observa­
tory two miles away.

.This sort of eVOlution, with gradual change of instru­
ments suited to special needs, has gone on with all the
instruments. Seismometry on an active volcano is quite
different from that of a station which devotes most of its
energies to distant earthquakes. Most of the seismometric
stations of the world are of the latter type. In Japan for
many years the meteorological stations and other estab­
lishments have maintained instruments for the study of
local earthquakes, but the main purpo:oe of these stations
in Omori's time was to record "ordinary" earthquakes,
meaning registration of frequency, time, and intensity of
the shocks that wrmld ordinarily be felt, so that some
scientific data could be gathered on the subject. This led
to the making of more sensitive instruments of higher
magnification and to the attempt to make a "universal"
seismograph, which would satisfactorily record both local
and distant shocks. Most of the German instruments make
this attempt, and most of the earthquake lists do not dis­
tinguish satisfactorily between distant and local shocks.
The "local' shock is a phenomenon still dubious and ob­
scure, for if it is intense enough and deep enough to regis­
ter on distant instruments, it may be "relt" over a wide
area, and on the other hand very intense disastrons e& 'th­
quakes like the one at Managua recently may be very local
in perceptibility, and fail of registration at the remote
stations. An earthquake may be accompanied by a mas­
sive movement of the ground with actual faulting of the
sod at the place of sensation. 'Vhat is felt in this case is
not an "elastic wave." Many felt earthquakes are entirely
elastic waves, with no discovered faulting of the ground.
The natural history of this subject needs much research.

From this the reader should understand that it is an
actual fact that no one knows what an earthquake is.
Waves of compression, transverse waves due to the rigid­
ity modulus of the rock, surface waves involving an up­
and-down movement, waves reflected at different surfaces
of change of density within the crust of the earth, waves
traveling at different speeds, the ground or hill or cliff or
plain under foot oscillating ,,,,ith its own period as an in­
dependent pendulum, spells of tilting, places of local tilt­
ing, mass movements of sideways shifting, mass move­
ments of sudden uplift or depression, mass movements of

sudden tilting-all of these things are supposed to exist in
the crust of the earth, and a one-component pendulum,
meaning a pendulum capable of swinging in only one di­
rection, does not tell much about them. ''\That little is
known indicates that a house totally distorts the motion
of the ground. The one-component pendulum totally
eliminates all but one set of motions of the ground, tends
to swing on its own account, and tells nothing by itself as
to whether the motion is massive or elastic, irregular or
harmonic, until subjected to rigorous experimental criti­
cism. The result of years of registration of many local
earthquakes on the Island of Hawaii quite denies the no­
tion of an epicenter. The epicenter is supposed to be a
place right over the source oE a shock. At the epicenter
the shock should be felt most strongly. It is quite true
that on the Island oE Hawaii many shocks are felt which
are not felt in Honolulu 200 miles away. There is thus
localization. But within the island there are hundreds of
shocks felt equally at many places, with the seismographic
evidence pointing to epicenters where there is no more in­
tensity of perception than anywhere else.

Now what is this seismographic evidence? This is
clearly important, for if we may harness an island with in­
struments, and that island has many earthquakes of a small
and harmless type, we may really study the nature history
of the earthquake. From the beginning this was the aim
of the Hawaiian Volcano Observatory. People think they
can tell the direction of an earth shock which they feel.
All they can tell is the way the maximum of a hundred
motions affected the particular room or chair or bed where
they were placed. The seismograph is a rocking chair
specially placed in a chosen room in the rock of the earth
itself where the vibration of the building will not create
a separate pendulum. The writing of the seismograph on
smoked paper, when a little earthquake occurs, begins with
a preliminary tremor as the paper moves along under the
pen, then a movement of greater amplitude follows, or the
"long waves,' and this is the part which is felt. This tails
off to nothing in the course of minutes. A sensitive per­
son standing outdoors might feel very faintly the prelimin­
ary as a mere tremble because it is quick. The long wave
he would feel as a thud. The tail portion is slow and not
usually felt. The writiug levers of a seismograph, after
magnifying the motion 100 times, have hardly any energy,
hence the tiny pen tip pivotted and touching lightly a
smoked snrface to avoid friction. Even the restraint of a
spider's web on the pen may spoil the record. The pre­
liminary quick tremor has been proved to be a combination
of the compressional and rigidity waves which reaches the
instrument more quickly, by faster travel, than the long
waves. The long waves are a combination of mass move­
ment and wave motion. The sharp change from the pre­
liminary to the long waves makes it possible to measure
in seconds the duration of the preliminary. The longer
its duration the farther away the place oE origin of the dis­
turbance. Hence with several seismographs in different
places we may triangulate on the origin location under­
ground. If we can find the origin location underground
we do not need to trouble about "epicenters."

As shown in the accompanying pictures, the seismo·
graph chamber at the Observatory contains now horizontal
pendulums built right here registering all components, the
electrically connected clock registers time on the drums,
and there are other stations with similar instruments in
Hilo and Kona for triangulation. The horizontal pendulums
also record tilting of the ground. T.A.J.
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Section of Yolcanology,"C. . Geological urvey
T. A. Jaggar, \olcanologi t in Charge

On June 15 at 9: 15 a m. a mall \ide occurred at the
north wall of Halemaumau. team is emerging at the
southea t rock bank. Fume is notably absent at pre ent.

The Ob en'atory ei mo~raphs registered 2' tr mol' ,
one very feeble 10 al ei m, and one feeble hock felt
10 ally. The la t wa at 10: 45 a. m. June 16, with indi­
at d di. ance of origin 11 mile. Tilting of the ground

wa \i~ht E. "E, and micro ei mic motion wa \i ht.

Howard electrically fitted regulator clock connected with all the self-recording instruments of the Observatory.
The error of the clock is compared with wireless time every day. The wireless signal is impressed with telegraph
key on all the seismograph drums. The clock is compared daily with a chronometer, and the temperature of the

chamber is recorded.
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Vertical component seismograph built at the Hawaiian Volcano Observatory.
The heavy mass is here hung on spiral springs, with temperature compensa·
tion from small springs. The heavy mass is free swinging and registers the
up-and·down motion of the rock under the concrete cellar. The up-and-down
motion is smaller than the horizontal motion in earthquakes. Photo Maehara.
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Myrtledale Geyser near Calltoga, Napa County, California.
Made artificially by casing a well 180 feet deep, where a
stratum containing boiling water is reached. The spouting
occurs once every 45 minutes, when the release of steam
pressure is satisfied, and it takes another interval to bring

the replacement underground water to the boiling point.

Ten cents per copy

July 2, 1931

VOLCANIC WATERS OF NAPA COUNTY, CALIFORNIA

In the Coa t Range north of an Franci co, on the
border between Lake and onoma countie , stand the St.
Helena range marking orne recent volcanic activity where
there are hot gases and team and sulphur which have
b n pouring forth from Teritary time until the pre ent.
"The northern and we tern ranges in the e counties are
composed largely of altered s dimentary rocks that prob­
ably belong to the Franciscan (Jura Ic or Lower re­
ta eous) formation. Glaucophane schists and serpentine
are as ociated with them. The age of other altered sedi·
m ntaries here" Is unknown, some geologists thiIlking
them Lower Cretaceous.

"In Napa County and the southern part of Lake County

veral peaks and ridge are formed of lava that is prob.
ably of Teritary age. This lava overlie the altered edi.
ment . and tuffaceou pha es of it form prominent cliff
at a number of localitie. 'umerous carbonated springs
of slight flow issue in this region north of San Francisco
Bay, both from the sedimentary rocks and from the lava,
and hot prings exist In everal places. A few prings of
noticeably sulphureted water have also been examined but
are less numerous and less Important than tho e of the
arbonated type."

So wrote Waring (Springs of California, Water-supply
Paper 33 , U. S. Geological Survey) in 1908, pointing out
that upright fanlt or fracture lines have close relation to
the hot springs of Calirol'llia. "At Calistoga, near the head
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of Napa Valley" (three to four hour' journey north of
an Franci co) "are several hot spring'S at which during

the eventie there wa a large 1'e ort. The hotel burn d
in the early eightie , however. and ince that time the
pring' have not been of more than local importance. Th

name 'Cali toga' i aid to be formed from the words Cali­
fornia and aratoga. but Ule sprin/1: are not at all like
tho e of aratoga Springs in • 'ew York. In 1910 the car ­
taker of the property had provid d two bath-hou. e of two
tub each, half a dozen mall cottage on the place wer
rent d, and a tew campers had pit 'hed their tent nearby.
Hand pump upplied bot water directly to the tub, and
cool water was piped from a tank.

"Four main springs rise at th base of a knoll of butr­
colored tuffaceous material at the northel'n border of the
meadow land. and a few pools anfl epaJl:e appear in the
meadow itself. The observed temperatures of the principal

prings rang d from 126 to 173 and their flows from about
on ·fourth gallon to flv gallon a minute. The hottest
spring. which yields about one gallon a minute, appears to
be the mo t trongly mineralized, though it mineralization
i only lightly perceptibl to th taste. Algae pI'obably
giv it tbe slight flavor tbat ha' cau ed it to be call d a
"chicken·soup·' spring.

"At Cali'toga Hotel, about 4011 yards we t from the
springs, a dug well upplie warm water for tub bath and
a \\'imming plunge. \Yarm water is al 0 obtained in
everal other well nearby, and there i one trongly flow­

ing artesian well."

The following analy i of the wimming pool water.
having a temperature of 122° Fahr., i characteri tic, made
by \Y. Ander on in 1 ; con ti£utent are by weight in
part- per million:

Sodium 212.0
Potassium .. .2
Calcium .. ' 12.0
Magnesium 5.7
Iron 6.0
Aluminum .._ _._. 2.4
.Manganese Tra e
Sulphate 110.0
Chloride 255.0
Iodide 13.0
Carbonat 27.0
Silica 62.0

713.3
Hydrogen ulphide ........ 42.0

Concerning the geology of the hot spring Waring
'\\-Tit "The po :tlOn of the springs near the ba e of the
knoll of volcanic tuff that ri e in the valley land and the
fact that a fault ha been traced along this part of the
valley furn: h suggestive evidence that faulting ha here
provided escape for deep-seated water. The lava may also
produce a high temperature gradient that aid in giving
the abnormal temperature to the water. The amount of
heated water that ri es i probably better indicated by the
area of meadow-land that is formed than by the visible
flow of hot water, for there is doubtles much seepage that
is not observable."

Thi la t conclusion has been borne out by discoverie
since 1910 which prove the valley to be underlaid by boiling
water instead of hot water ("\\ aring max.imum 173° F.).
The writer visited Calistoga July 31. 1926, and learned that
in 1915 borings 1 0 feet deep in the flat valley floor produced
artificial geysers which spout up through tbe casings of

well 100 feet or more at intervals of 45 minute to t\\"o
hour One of the e, th Myrtl dale Geyser. i hown on
Page One. For a mile of length the ea t ide of the valley
i' over an arte ian ba in of boiling water, wherea' the

pring- are cold on the we. t. .11'. Finch determined th
t mperature of Plummer" G y l' March 22, 1927, to be
21, F., and Pacheteau' capped ~ey er 213.5° F. (,"olcano
Letter. '0. 236).

On the mountain ide. fl"e mile to the we·t of ali­
toga, in onoma ounty. is the P trifled Fore t where im­
m nse sequoias have be n ilicifi d in volcanic a h, mo tly
fallen in pair, and with their butts toward Mount t.
Helena. The sugg;e tion I strong that t. Helena wa th
source of a volcanic bla. t that overturned them in pre­
hi toric eruptions. The fo.. il tree hown on Page TIll'ee
is 110 feet long with a diameter of 12 feet. There i a
crater higher up the hillside.

Finch reports (Volcano Letter No. 236 that Mount
E:onocti, near Clear Lake north of this Napa country, i
th mo t recently active volcano in this part of alifornia.
It i believed to ha"e erupted somewhat over 1,000 y ar
ago, or well within th historic period of Europe. The
hill' east of Sulphur Bank, it If ea t of Mount E:onocti,
contain a fairly well pre erved crater, there is one on the
south peak of the mountain, and between till coun n' and

alistoga the lava flow' capping the hills appear pro/?;re ­
sively older. Aero the hills to the we t at "The Gey. er ,.
in onoma County i • uperheated team u ed for power
(Volcano Letter • '0. 62. Allen and Day Publication 3'j

arnegie Institution) believed to rise from hot underground
magma.

It i worthy of note that the an Franci co earthquake
of 19 6, apart from the ma ive hift of terrain from anta

ruz to Point Arena on the great fault. the greate t in­
tensity wa at anta Ro. a. with extensions of the belt
northward toward Geyserville and outhward to Petaluma.
III the. 'apa valley and about lear Lake there were other
b It of apparent intensity VIII·IX R. F. This region of
pre ent-day 'olcanic heat of highe t temperature for ali­
fOl'llia, and of volcanoes active in the historic period, made
localized centers of disturbance of enormous intensity.
Therefore we should not tr at too lightly the possible con­
n ction between underground magma and great earth­
quakes. (Map 23, Carn gie Institntion, California Earth·
quake.) T.A.J.

KILAUEA REPORT No. 1014

WEEK E. "Dr. 'G J1;. 'E 2 . 1931

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

The week at Kilauea ha been quiet and uneventful.
On June 22 there wa a little t am on the south talu of
Halemaumau, but none I ewhere. On June 23 no team
wa seen. Du t wa den e near the north taIu , probably
due to air currents, there having been moderately trong
trade winds, without rain, blowing and creating much
dryness. On June 27 the pit remained unchanged. Sulphur
areas appeared less con picuou except a bright spot on
the west side of the floor.

Twenty·two very feeble tremors were the only. eismic
disturbances recorded by the instruments at the Observa­
tory. Tilt was slight NW. Microseismic motion was
slight.
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Silicified big tree at the petrified forest in ash beds five
miles west of Calistoga, California. This tree, "The
Queen," is 110 feet long and 12 feet thick... The replace·
ment of the wood fibre by silica was accomplished by hot
waters. These sequoia trees were overturned in pairs,
their tops pointing away from St. Helena volcano. Prob-

ably an ancient steam blast eruption did the work.

Page Three
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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.

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

The work of volcano re earch so supported is in collaboration
with the work of the United States Geological Survey, but sup­
plements it with buiidinl'rs, research fellows, instrumental plaRts,
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 Frank C. Atherton and Walter
F. Dillingham, Vice-Presidents; L. Tenney Peck, Treasurer;
'Vade Warren Thayer, Arthur L. Dean, and Richard A. Cooke.

Persons desiring application blanks for membership ($5.00 or
mor ) should address the Secretary, Hawaiian Volcano Research
Association, 300 James Campbell Building, Honolulu, T. H.
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with the former monthly Bulletin of the Hawaiian Volcano Ob­
.ervatory. It is published weekly, on Thursdays, by the Ha­
waHan Volcano Research Association, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recording of earth processes.

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

Subscription 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 Survey.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter is not copyrighted. Editors please credit.
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Experimental seismograph built of homemade materials at the Lassen Volcano

Observatory by R. H. Finch, showing heavy mass, suspension and boom, the con­
crete pier and post, and the Howard clock.

MAKING A SIMPLE SEISMOGRAPH

The seismograph in most common use is a horizontal
pendulum. The photograph shown on Page One is the
hanging part of such a pendulum which anyone with a
little ingenuity might make for himself. The machine
shown in our illustrations is in fact one constructed by
Mr. R. H. Finch in two months in the autumn of 1926 for
preliminary tests of earth motion at the Lassen Volcano
Observatory in California. This instrument was made
entirely out of materials and labor available in any coun­
try town. There is here shown a clock on the wall which
is a good timepiece made by the Howard Company in
Boston, Mass. This is fitted with electrical contacts clos­
ing the circuit of a four-cell dry battery for about two
seconds every minute and about six seconds every hour.
It is a weight-driven pendulum regulator with eight-day
movement. The electrical contacts on the minute and
hour are for marking the time continuously on the smoked
paper which covers the drum of the seismograph, so that
any hour or minute may be identified on the paper for
discovering the time when an earthquake has marked the
paper.

On the left is shown a concrete post in a basement
room with an upright hollow or groove cast at the bottom
where the post rises from a concrete table or pier. It is
better to have the cylinder as shown hanging from an
isolated post than to hang it from the wall. We have
tried both plans for different instruments at the Hawaiian

Volcano Observatory. As the hanging cylinder is very
sensitive to the slightest tilt given to its supports, walls
are not desirable. The upper part of the concrete wall of
a cellar on the outside of the building is heated by the­
sun for some parts of each day. The heating expands the
wall and it cools at night, thereby contracting. The seis­
mograph is so sensitive, magnifying earth motion some two
hundred times in case of a horizontal displacement, that
the distortion of the wall under expansion and contrac­
tion will cause the writing pen to swing sidewise an inch
or more in the course of a day. This causes the lines to
interfere and interlace with each other. A certain amount
of normal tilting of the ground is to be expected in the
course of each day anywhere, and it is likely to be ex­
ceptionally big at all active volcano. Therefore we do
not want any tilting due to solar heating of the house.
What tilting we get, measured by the swinging apart or
the close approach of the lines, should be indicative of
what the actual ground is doing under the whole country,
and therefore is measurable for the particular two direc­
tions in which a single horizontal pendulum swings.

The dimensions of the cellar shown in the picture are
ten by ten feet, and the general plan of the instruments
followed the lines of the Omori seismograph. The con­
crete post, ten by ten inches square, stands 27 inches
high above the pier which is 18 inches high above the
floor and two feet square. The cylinder consists of a
cast-iron container holding nine circular lead discs, which
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make the whole wei~1l 225 pound. The lead di c ar
each bor d and thread d in tile center to take a large
cr \\"·eye, so that the container can be handled by one

man by lifting the di c. out or putting them in eparately.

u iron rod. bigger near the po t. and smaller at it
outer end, passes horizontally through the middle of the
heavy ma or cylinder. Thi protrude 52 inche from
the center of the cylind r. The bi!!; end of the rod i bent
and lies in the niche at the ba of the post. support d
by a hort hinge of spritHh teel wire. Thi wire hinge is
terminated by metal ball' in two lot cut with a ha 'k­
saw. One of these lot i, in the flat iron trap shown
pinned acro the niche, the other in the bent end 0 the
rod. The heavy cylind I' i upported by a tirTuP hanging
from a piano wire whi h i made fa t to a imple ad­
justable bolt in two angle it'on pinned to the top of the
concrete po t. For th se attachments to the post it is
conveni nt to use ex pall ion bolts, which are readily put
in holes drilled in the ·ollcrete. The adjustments of the
upper attachment of the piano wire permit of winding it
up to lift the ma , and of moving it right and left to
bring the outer end of th rod or boom to a medial po ilion.

From all thi ther re ult a mas hung like a door
with a boom protruding out from it, de igned to record
tho e 0 cillations or tilt of the ear h at right angle to
the plane of the su pen ion. The boom i braced by fine
teel wire extending from it outer end to the ylind r.

If the boom point to tile ea t, the inertia of the ma s
registers the north-south earthquake. Another imilar
pendulum is hung north-south to record the ea t-west arth·
quak s. Or better, for the ame earthquake, two uch
pendulum regi tel' the north·south and the ea t·we t
component of the motion. l:nder each pendulum the
sy tem i damped, or pr vented from free swaying on its
own account. by heet·aluminum van attached to the
boom, protruding downward into a metal tank of automo­
bile oil, 0 that with winging of th pendulum, the vanes
move dgeways i the oil. The little oil tanks, four or
five in hes square, not shown in the iIIu tration. are SUI}­

port d by a removable stand in front of the pier.

Th registering mechanism is shown in the figure on
Pa~e Three. The recording drum is built on a steel
spindle threaded with ~1·inch worm at the end away from
the drive·clock. 'fhi moves the drum lengthway in a
leeve at the driving end. The drive·clock is a Seth

Thoma two·barrel pow r movement with rotation of
pindle once in 30 minute. The inner leeve of the

drum i set by a ('r w on the clo 'kwork pindle. The
worm end of the drum spindle re t on knife-edg wh I.
Gla ine paper i wrapp d around the drum. pa ted at
the end, moked over a k ro ene lamp, and the drum i
et in place with the et- crew locking it to the lock.

The writing lever-pen from the p ndulum has a hinged
tainle teeI tip which re t on the smoke urface. The

lever p n are made of aluminum. They are pivotted
about a vertical axis near the end of the booms. The pen
tip and the lever hav ph'ot made of tandard clock
and watch balance talI,. lotion i tran mitt d from
the boom to the lever by light metal T-bar , with the
end of the cros ·bar in the boom and the le\'er re pec­
tively. The drum end are made of ply·wood and the ur·
face of pa teboard. The pen tip are magnetized, lifted
to make a gap in th wl'iUen line on the smoked paper
every minute by an electro·magnet connected with the
time·plece on the wall. The drum surface moves 30 mm.
to th minute. The static magnification of the boom I

fh'e and of the writing le\'er forty. making the total 200.
A mark r pen attach d to the plate upporting the drum
and lever ystem, i mad to wril a line for a few minute~

once a day on the ide of the moked paper. to be u ed
a~ a datum line for mea urement of wandering of the
pendulum under tilting of the ground.

The free period of the pendulum is adjusted to even
econd by moving the upper upport of the piano wire in

and out from the po. ts. The p n tip are laid back with
a hor hoe magnet when the drum i changed. The
change of paper i mad once a day and the ei mo~am
remO\'ed i pa ed through a bath of very dilute sh lIac
and denatured alcohol, which fixe the moke image of
the line written by the pen. In the econd photograph
th J'e is shown the oud boom vani hing into the fore­
ground, connected with the second pen by its T-bar im·
pinging on an angle niece in the lever at right angles to
the lever. In this way both pens, north-south and east­
west. write during the day bands of lines side by Ide on
the same pa1)er. Th paper is 121,.2 by 38 inches. Each
line i interrupted by it minute and hour marks, the
op rator indicate th time of the starting mark by
scrat hing it in the smoke, and simple counting of the u-

eedillg hour mark on the moke i all that is needed for
timing an earthquak autograph that may appear. The
light pa ting of the end of the paper on the drum i
ea i1y eparated by a I nd r paper·cutter. The ei mo­
gram is dated and marked with it location before hel­
la ·king.

It will readily be een from thi account that any
amateur with mechanical aptitude can build for him elf a
en tith'e eismograph, and he 'an learn all about the

te 'hnique of the cieuce if he will con ult the back file
of the Bulletin of the ei mological ociety of America,
the headquarter of which are at tanford l:niver ity.

alifornia. T.A.J.

KILAUEA REPORT No. 1J15

WEEK E:-WING Jl LY 5. 1931

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

onditions remain unchanged at Halemaumau pit.
The cauldron i quiet and dry. trong northea t trade
winds continue.

ei mic di turbance recorded during the week in­
cluded 34 tremor and two very feeble local sei m. One
of the latter at 12: 0 a. m. July 4 indicated origin di tance
23 mile. from the Ob ervatory.

Tilt for the week wa slight -. ·W. ~licro ei mic
motion wa slight.

TILTING OF THE GROUND FOR JUNE

The following figure show the net amount of tilt by
week at the Ob ervatory on the northea t rim of Kilauea

rater, and it direction, computed from the daily ei -mo­
grams by platting a urve moothed by overlapping pro·
gre ive even-day averag Thi is the departure of the
plumbline in the direction given.

June 1·7 0.1 econd "'.
June ·14 1.4 seconds TE.
June 15-21 0.3 second ENE.
June 22·2 1.4 econds TN\\'.
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Recording end of homemade seismograph, showing booms of both north·south and

east-west pendulums, pivot connections with writing levers, straight wound elec­

tric magnet for marking time, and the driving clock and drum, the latter with
smoked paper.

Page Thru
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Interior of seismograph cellar at t. Mary's School, Hilo, Hawaii, showing two·
component seismograph hung on wall of chamber, with recording drum in

middle of room.
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Sections by Tanakadate showing the two types of lava
domes and their structual characters.

TWO KINDS OF LAVA DOMES

A clear analy is of h mat rial and the n~lDg of
tiff laya iura two kind of laya dome in Japan ha b en

made by Tanakadate. I H. Tanakadate, Imperial niver­
ity, andai, Japan. Proc. Fourth Pacific Science Congre'

Jaya 1 29, pp. 695-703.)

The fir t is the Tarumai type, ba ed on the Volcauo
Tarumai 'an in the north i. land of Japan, which push d
up it crater floor into a dome in 19U9. Before the eruption
the crater was a funnel 60 meters across, gently slopIng
inward above and pre ipitous within. The funnel was 65
m t 1'8 deep with a bottom 60 m tel'S across, exhibiting
active solfataras there and In the wall.

March 30 to April 12, 1909, there were big steam-bla t

eruption " laya then fill d the funnel, then the pudding
1'0 into a dome reachin~ it maximum at the end of
April, fini hing i growth in mid-.laL and remaining
there ever ince. Tanakadat expre es the me hani m
by the upper diagram on Page One. By expre' Ing the
original crater bottom a.' a horizontal line in ection, lava
coyered with grayel, the uce ive tages are hown by
the growth surface lines, when the gravel mu t have be n
. cattered on the increa ed area of the top of the dome.

uch 100 e material were found pal' ely cattered on the
slag~y urface of the dome wh n it was explored after it
had cooled off between 1909 and 1917. Explosive erup­
tion in the latter year through fis ure in the dome fiung
out fragmental materials on to the dome. At present de­
trilu and lava blocks caught in the lava are found on
the (lome.

The displacement lines, radiating from the former
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Lava dome of Tarumaisan in Hokkaido, two hours after an eruption of October 30, 1926, which
fissured the dome of 1909. Photo K. Shibahara.

bottom of the crater upward, correspond to the successive
positions in lateral displacement of equally spaced points
on the crater floor at the beginning. Each imaginary
vertical f1lamel t of lava in section rises and widens, the
more in the center, the less where restrained by wall fric­
tion. The displacement lines are perpendicular to the
growth surfaces.

The lava developed pri matic tructure, mo tly at
right angle to the growth urface, with columns parallel
to the displacement line. In crater pits and fis ur of
the dome can be seen the cha m bounded by columnar
joint, caused by contraction when the surface cooled,
making upright parting plan

In the large caldera of • udake Yolcano. near Taru·
mal an but farther outh (e map Page Four), i found
th e ond type of lifted plug or dome, illustrated by the
lower diagram on Page On. There are two dome on
. u ( ee map Page Thre ), and three crater lake. Tak·

ing the bigger one called O-usu, it is 725 meters abo\'e ea,
.350 meters high about its base, and is smoothly round like
a cathedral. The top of it i not a round shell of rock,
.but Is composed of gravel, sand, and clay 3 to 6 meter
ihick. The gravel contains fragments of quartzose 1'0 ks,

rystalline schist, and several old volcanics; there are
ande Ites with pyrite aud hematite. The pebbles are red·
dened with oxidation, as though through the heating effect
of the dome lava, and are sometimes bowlders a foot in
diameter. They are smooth and scratched with parallel

streaks like glacial erratlcs. The sands and clays are
baked to natural brick.

The dome itself of rock is exposed on one side with
the surface scratched, and a structure of parallel shells.
Elsewhere fragments mask the rock. The sectors of the
dome are cracked and faulted so that one sector may have
been thrust up, another has lowered.

H the dome was regular on Its rising, the volcano may
have formed its caldera of ub idence in the cour e of a
river, which deposited ordinary gravel, sand, and clay in
the rater lake. The highly viscous lava rose and con·
gealed under the e depo it. The lava continued rl ing,
lifting the plug, and having up the overlay of sediment.
Thl made a structure with vertical ide walls and dome·

haped top. The friction on the confining wall produced
the treak and triatlon. Ju t the arne thing wa hown
by the Pelee spine. The lava and ediments agglutinated
and formed a hard crust. The lava core pushing into the
gravel layer produced the striation in the pebble.

The parallel- helled tructure gives evidence that at
fir t the growth surface was horizontal, later the vis ou

ide lagged and the center rose most, arching the top.
inking of parts of the magma below, and renewed pres­
ure, bring about the splitting into separate sector or

columns with differential lift at the top.

In the case of the Tarumal dome of the first type, the
re essiou of magma caused a flattening of the top of the
dome. (See Page Two).
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Th O-u u dome i much more i1iceou than the Taru­
mai dome. The O-u u rock i a dacite with 6 percent of

ilica, that of Tarumai on au ite andesite with 61 per,
ent. The o-u u rock i flne grained, light gray. with few

and mall pOrph)Titic cry tal and a trachytic ground,
ma s. The Tarumai rock i coal' ely porphyritic with large
anorthite feldspar prism, anel smaller augite. The la,a

how fluidal streak of red and gray.

The olel outside lava wall of the caldera of Uusu i
basic. and so was the new lava of the lower slopes of

u, thrown up as bombs in the uplifting eruption of the
outer flank in 1910, Both of the e have only 51 percent
of silica (see Volcano Letter No. 302).

Other volcanoes which have produced the low,dome
typ of eruption are Bogoslof, Katmai, and Galunggung.
The spine or plug has been upraised in Pelee, Lamongan,
and in the inner fin of Mc ulloch dome at Bogo lofl' in
1907. T.A.J.

KILAUEA REPORT No. 1016

'\EEK E_ 'DI. 'G J{;"LY 12, 1931

ection of Yolcanolo/1:Y, . Geolo<rical ur,ey
T. A. Ja<rgar. Yolcanolog;i t in Charge

Halemaumau ha shown a few changes of intere t.
Blu fume has reappeared on the bottom in two new
place, directl)' north of the 193U cone in a sulphur area,
til dge of which has caved in, and at the bright sulphur
spot on the far northwest side. Dust [rom an avalanche
wa seen rising from the northeast rim of the pit at 4: 30
p. m. July 10 in a compact cloud which gradually thinned.
Th seismograph on the crater floor recorded a few slow
motiou tremors without tilt.

The instrument at the Observatory regi tered 1
tremor and 5 very feeble 10 al selsm during the week.
Tilt wa light W. Micro 'ei mlc motion was slight.

LAKE TOYA

SCALE
y.

r

111M.
o

Map showing old caldera ring and domes of Usu, the active craters of 1910, and

the uplifted "New Mountain" of 1910. After Daly.
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Map of volcano belts in Japan by S. Kozu, showing extinct, active, and alkaline lavas.

Rader are requested to send artlcl s, photographs. publica­
tions and clippings auout volcano and earthquake events, in­
.truments and investigations. specially around the Pacific.

Subscription for non-m mb rs two dollars per year of 52 num·
bers. Address the Observatory.
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'NaHan Volcano Research Association, on b half of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recording of earth processes. The Volcano Letter is not copyrighted. Editors please credit.
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Haleakala seen across Hawaii Channel from the summit of Hualalai. Photo Emerson.

HAWAIIAN VOLCANO LANDSCAPES

Professor Norman E. A. Hinds has produced an in­
teresting paper on "The Relative Ages of the Hawaiian
Landscapes" (Univ. of Cal. Pub!. Bull. Dept. Geol. Vol 20,
No.6, pp. 143-260, pIs. 15-42, 13 text-figures; Berkeley 1931).
He reviews the evi ence for the supposition that Kauai is
the oldest of the windward group of Hawaiian Islands, and
points out that the extra heavy rainfall there, to speed up
erosion, has not been sufficiently allowed for. Kauai may
be younger than Oahu. He also accents downfaulting of
island blocks along shore-lines which has robbed some
islands of their mass. The text by Wentworth on quanti­
tative estimates of marine and fluvial erosion in Hawaii
(Jour. Geol. Vol. 35, 117·133, 1927) and Wentworth's Bishop
Museum papers come in for criticism, and it is refreshing
to note that both Hinds and Wentworth attempt to evalu­
ate erosion on the basis of rainfall and drainage, and even
to make some estimates of rate of removal of soil in carv­
ing landscapes. This is the beginning of a science of
erosion.

Hinds writes: "According to Wentworth, the depths
of material removed from the various mountains by
streams stand in the following order: (1) East Oahu; (2)

Kauai; (3) East Molokai; (4) West Maui; (5) Mauna Kea;
(6) West Oahu; (7) East Maui; (8) Lanai; (9) Niihau;
(10) Kahoolawe; (11) Kohala; (12) the rest of Hawaii.
The estimates for East and West Oahu and Kauai appar­
ently neglect extensive loss of bulk by downfau1ting, hence
the amounts of removal by rivers in these three cases are
excessive. On East Molokai, Koha1a, and Niihau, streams
have eroded a residual of once larger domes since about
half of these mountains has been carried below sea level
by down faulting. It is not improbable that faulting may
have been partly responsible for the development of some
of the great canyons on Kohala, East Molokai, Kauai, and
Oahu."

Hinds uses the term "engulfment" for downfaulting,
but this word "engulfment" is a volcanologic term for
downbreak in volcanic craters or underground conduits,
and is hardly identical with graben down faulting.

"For Lanai, 'Yentworth has calculated the average
rate of removal as one foot in 5,000 years, and from this
he has estimated the approximate age of the landscape of
that dome to be 125,000 years. Using the same rate of re­
moval, he obtains figures of 225,000 years for Kohala and
2,090,000 years for KauaL" Hinds objects to applying a
dry island rate to a wet island.

"According to wentworth, the relative amounts of
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Panorama of Mauna Kea and Mauna Loa from a summit cone on Hualalai. The near foreground of Hualalai shows a slope of 35°. I
foreground cones extend the Hualalai rift toward Mauna Loa. The left of this picture

material removed by wave action from the various islands
stand in the following order: (1) Hawaii; (2) Kauai; (3)
Molokai; (4) Niihau; (5) Maui and Kahoolawe; (6) Oahu;
(7) Lanai." Hinds objects that the several domes on Ha·
waii are of different ages, and have been cliffed by the sea
in different amounts. And that the formation of cliffs by
faults has not been recognized. "The determination of
relative amounts lost by downfaulting and by later marine
erosion probably is impossible, though approximate values
may later be obtained."

The point of this discussion is that the Hawaiian
Islands form an excellent field for measures of erosion in
time, if some one will only go at it experimentally by the
observatory method.

Hinds arrives at the following conclusions:

The order of extinction of the YOlmger Hawaiian moun­
tains apparently has been: (a) Haleakala, (b) Mauna
Kea, (c) Hualalai. Mauna Loa and Kilauea are still in
process of construction, hence their landscapes will under­
go certain changes before their major activity ends."
(With Haleakala known to have made lava flow about the
middle of the eighteenth century, and Hualalai in 1800­
1801, one wonders why these two should be considered ex·
tinct.)

"The constructional surfaces of the old, high domes
have been largely destroyed either by erosion alone or by
erosion and downfaulting. On all the mountains either
major or minor features of the relief have been formed
by faulting, and in the ultimate destruction of the domes,
faulting is one of the chief agents.

"West Oahu, West Molokai, and West Maui each be­
came extinct before the eastern member of these doublet
islands. The landscape of Kohala is the oldest on Hawaii."

Probably both of the Oahu domes are older than Kauai
since the close of the last principal volcanism. The more
rapid rate of fluvial erosion on Kauai, owing to the climate,
does not establish the greater age of the landscape. The
relatives ages of the landscapes of the high old domes
appears to be: (1) West Oahu, (2) East Oahu, (3) Kauai,
(4) East Molokai. West Maui and Kohala are younger,
but their sequences is yet to be determined."

"Neglecting buried landscapes, the oldest landscape
in the windward Hawaiian Islands is that of the Penguin
Bank The final products of the destruction of lava domes
are the volcanic stacks like Nihoa, roof islands, calcareous
sand islands, and submarine banks without islands which
make up the leeward group."

Hinds disagrees with Wentworth in the latter's belief
that the Hawaiian Islands emerged in the late Tertiary.
"The destruction of the leeward islands suggests that
volcanism ceased there well back in the Tertiary, hence
the mountains must have risen above the ocean long be­
fore, perhaps even in Mesozoic time. Buried erosion sur­
faces in the wind'ward volcanoes prove that interruptions
in the volcanic cycle took place and that there was deep
erosion before the renewal of eruptions. The erosion of
the present landscapes of the older domes probably began
in late Tertiary or early Pleistocene times. The time re­
quired for the cutting of the great cliffs of Kauai very
likely took at least two million years." T.A.J.
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auna Kea has slopes of 12° to 40°, and Mauna Loa on the right 3° to 8°. The long 1859 flow sweeps to the left from Mauna Loa. The
Mauna Kea) is incorrectly named "Hualalai" in pl. 16 of Hinds. Photo Emerson.

KILAUEA REPORT No. 1017

WEEK ENDING JULY 19, 1931

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

Kilauea Volcano remains dormant. A few rocks were
heard falling north at 11 a. m. July 16. On July 17 dust
clouds from avalanches were seen at 5:30 and 9:40 a. m.,
and a scar showed on the northwest wall of Halemaumau.

TO fume or steam was reported visible during the week.

The instruments recorded 1 tremors and 3 very feeble
local seisms. The average tilt movement for the week
was slight northwest. Microseismic motion was slight.



Panorama of Mauna Kea and Mauna Loa from a summit cone on Hualalai. The near foreground of Hualalai shows a slope of 35°. Mauna Kea has slopes of 12° to 40°, and Mauna Loa on the right 3° to 8°. The long 1859 flow sweeps to the left from Mauna Loa. The
foreground cones extend the Hualalai rift toward Mauna Loa. The left of this picture (Mauna Kea) is incorrectly named "Hualalai" in pl. 16 of Hinds. Photo Emerson.
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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, by the Ha­
waIIan Volcano Research Association, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experi­
mental recording of earth proc sses.

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

Subscription 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 Survey.
It maintains seismographs at three places near Kilauea Vol-

cano. al 0 at Hilo, and at Kealakekua in Kona District. It
k eps a journal of Hawaiian volcanic activity and publishes
occasional Bulietins.

M mbership in the Hawaiian Volcano Research Association ill
limited to patrons of Pa ifIe 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 Sunoey. but sup­
pi ments it with buildiru:s, research fellows, instrumental plaats,
explorations and special investigations for which there is no
governmental provision. The Geological Survey ma1Dtalns vol­
cano stations in Alaska, California and Hawaii.

Th Board of Directors includ S Frank C. Atherton and Walter
F. Dillingham, Vice-Presidents; L. Tenney Peck. Treasurer;
Wade Warren Thayer, Arthur L. Dean, and Richard A. Cooke.

Persons desiring application blanks for membership ($5.00 or
more) hould address the Secretary, Hawaiian Volcano Research
Association, 300 .James Campbell BUilding, Honolulu, T. H.

The V'Olcano Letter is not copyrighted. Editors please credIt,
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THE LANDSCAPE OF MAUNA LOA

Hind peak- of )launa Loa and Kilauea (Hawaiian
Lanct cape, Bull. Geol. 'niv. of al. Yo!. 20, • '0. 6, 1 31)
a' being till under con,tru -tion, with hallow weatherin~,

and tream gulche only wh l' ruption have not recently
taken place. "On certain part of the rainy, windward id
of the moun ains, where flow have not been erupted for
long period of time, the lava are decompo ed enough to
allow the growth of a heavy jungle fore·t in the 'oil cover.
The more recent la,ras aI' virtually untouched by grouncl
water or atmospheirc solution, and ven in the rain est
sections, have little or no vegetation on them."

Thl last tatement is lIOt correct for the 1 1 flow at
Hilo, where the rainfall is 2 0 in 'hes, and good sized trees
and bu he cover the flow.

"\Yhel'e tbe climate i' dry, w athering i much low l'

and there j little oil on any of the flow:' Thi i par,
tlcularly true of the Kau D ert on the outhwe·t side of
Kilauea, of Kahuku on the outhwe t ide of )fauna Loa,
and of the north we t flow of Hualalai. The e pIal' .
have rainfall of 30 to TU inch

"Only a few permanent tream are pre'ent, and th .'e
bave not cut deep .all y. :\fo t of the con tructional
'urface i unbroken. The erupliou of new lava apparently
i' 'ufticientIy frequent to co\'er mo. t of the expo. ed ur­
face b fore <lny con iderable amount of weathering or

1'0 ioo can take place.

" hon stretche of the coa't ar clilled to height of
50 or 60 feet, since flows appar ntly do not reach ea I v I
often enough to prl'vent am inroad by wave abra ion.
The occa 'jonal flows whi '11 pour into the ocean repair in
part destruction thus caus d. Lo,' fault scarps are pres­
ent, especially on the outheast rn flanks of the domes,
anel part or the clil1ed southeastern coast (of Hawaii
Island) has been developed by faulting.

"Parasitic cinder cones in considerable number dot
the flanks of the dome; part of th se how rude linear ar­
ran/!;ement as tbough erupted at various points along radial
fI ure.

"At tbe summit of both Mauna Loa and Kilauea are
vol 'anic sink, in which the principal eruptive centel is
loca ed," Molnlaweoweo the Mauna Loa crater being 3~:

by 13. mile in dimen ion' and 0 feet deep; Kilauea
rater 2 b.' 1s4, mile and 5 0 fe t deep.

"The inks are depre ion re ulting from the collap e
of the cru t in the vicinity of th principal eruptive c nter
a liquid material ba b n emitted from helow the nrface.

mall -tep-faulted blo ks are pre ent locally about the
wall of the inks," J. 'ear the middle i the conduit pit
throu 11 which the lava rises and raIl, in the case of Ki·
lauea. )Iokuaweoweo ha- cone and pit in the middle.

"A long a activity prevails at the central vent or
eruption take place from lateral fis ure, the surface
may be periodically ren wed and the pre-existing topo­
graphy blotted out. The final constructional outlines
ther fore are not complet .

"Kilauea is a small mountain far down on the south·
east side of Mauna Loa at an el vation of about 4,000 f et.

The l' latiye age ot the two dom ha' been di. put d,
Ja~gar formerly held that Kilauea i the older of the wo,
and that :'fauna Loa ha rown up in a great vale betw n
Kilauea and .launa Kea, Daly believe that Kilauea i
red by a laccolithic oll hoot from the larger volcano, and
now i independent of th main reo rvoir becau e of th
s aliog of the connecting 'hannel. It is now generally ac·
cepted that Kilauea is the younger mountain."

"Field evidence supporting this view has been pr ­
sent d by Stone, who has r enlly de 'cribed the gen ral
f atures and the geolo!!:y of the volcano. Stone notes that
Kilauea is an indepencl nt dom on the flank of Mauna
Loa, hut because of the very g ntl slope of both Mauna
Loa and Kilauea its dom Iik character is not apparent
in ome parts of the al' a. Important data are given by

tone prO\ring the superpo. ition of the Kilauea volcanks
on older lava from ~launa Loa and the a sociatioll of th
l'i1anean erie with faults which developed in the 'ide or
the greater mountain."

'Yith reference to th ~enel'al ac 'eptance of the youth
of KiJau a. the re\'iew I' do . not know what thi ·tate­
ment I ba ed on. ~Ir. tarn in hi "Geolo"y of Kau"
t ',"ater- upply Paper G, . ,eolo ieal uryey) lea,'e' the
Que ·tion open. In Kapapala aud along the vallev b twe 11

Kilau a and .launa Loa it i... Iauna Loa ftow 'which ar
overlapping the Kilauea lop~. The "reat ink of Kilau a
i an old,age feature of a major dome. It wa not the vale
b tween Kilauea and .lanna Loa, but rather between Ki­
lauea and Hualalai, that app ar to have lain und l' the
mod I'll lagheap of )launa Loa. :llauna Kea wa th
ance tral dome at the north a t which blocked any growth
of :lIauna Loa in that dir '(ion. Hence the pronoune d
d \'elopment of a long lob of .lauoa Loa into the a at
the southwe t. Both Kilau a and fauna Loa have parallel
lava rifts, tarting at their crat 1'., and trending re pective.
ly outhwest and northeast.

The history, however, was not so simple. Both Ki­
Ian a and Mauna Loa appear to be over an older topo,
graphy. Kilauea sink Is In line with two other sunken
amphitheatl'es southwe t of it, 'Vood Valley and Mohok a.
ba 'k of Kapapala and Hilea. 'fhe e three sinks app al' to
lie along a common rift In th ancient land which the
n w dome volcanoes are burying. The Iiye Mauna Loa or
the pre ent day ha three nters of lava heaping, north­
ea t, on top, and outhwe t. The accompanyio" panoramas

how something of this va t hulky rna s. T.A.J.

KILAUEA REPORT No. 1018

WEEK E. 'DI.'G J'CLY 26, 1931

ection of Yolcanology, U. . Geological urvey
T. A. Jag"ar, Volcanolo"·i t in Charge

On :Ifonday, July 20, the int rior of Halemaumau wa'
partly ob cured from view by fo and light rain. orne
t am wa een at the outh a t rock lope. Heavy rain

Tue day cau. ed great team cloud to ri e from the pit.
All vent within the pit w r teaming actively on July 22.
Fuming wa also trong at two place north of the 1930
cone. The pit ei mOlp"aph howed heavy tilt due to th
weight of rain water in the vicinity.

The ei mograph' at th Observatory regi tered Ull'ee
sp II' of trong continuou tr mol' on July 23: 6: 43 to 7: 05
a. m., 7:49 to :02 a. m., and 5:31 to 5:45 p. m. In addi,
tion there were 16 tremor and 2 eisms.

Av rage tilt for the week was light NE. Microseismic
motion was strongish on July 21 due to windstorm and
th erearter sligh t. '
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cano. al 0 at Hilo, and at Kealakekua In Kona District. It
ke p a journal of Hawaiian volcanic activity and publIshes
occasional Bulletins.

_t mber hip in the Hawaiian Volcano Research Association I"
limit d 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 th work of the United tates Geological Survey, but sup­
pi ments It with build inA's. re earch f !lows, instrumental plaRts,
xploratlons and special Investigations for which there is no

gov rnmental provision. The Geological Survey mabtalns vol­
cano tations in Alaska, California and Hawaii.

Th Board of Directors Includes Frank C. Atherton and Walter
F. DilJingham, Vice-Pr sidents; L. Tenney Peck, Treasurer;
'Vade Warren Thayer, Arthur L. Dean, and Richard A. Cooke.

Persons desiring application blanks for membership ($5.00 or
more) should address th S cretary, Hawaiian Volcano Research
Association, 300 James Campbell Building, Honolulu, T. H.

THE VOLCANO LETTER

The Volcano Letter combln s the earlier we kly of that name,
th the former monthly Bull tin of th Hawaiian Volcano b­

servatory. [t is published w kly, on Thursdays, by the Ha­
wallan Volcano Research As ociatlon, on behalf of the section
of volcanology, D. S. Geological urv y. It promotes experi­
mental recording of earth proces es.

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

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

HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This laboratory at Kllau a 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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Toes of pahoehoe lava on north floor of Kilauea

in 1919 lava. Photo Maehara.

Ten cents per copy

Augu t 6, 1931

LAVA STALACTITES, STALAGMITES, TOES, and
"SQUEEZE-UPS"

In ,"oleano Lettel 1'0. 3 U Profe or Colton de cribed
.. queeze-up .. in lava ft. sure wberehy ba altic maj!."ma
pIa tic like iff clay ha been forced up a crack everal
f et into the air. with ide of tbe olidified pa te grooved
like licken ide a it craped pa t tb rougbne e of tbe
wall of tbe fractured 1'0 ·k. A sometbing of tbi kind
o curs in Ha \'aii on both big and small scales, and in addi­
tion we have talactites and talagmit of entirely differ­
ent ori in wbich have been erroneou I~' attributed to
water, it WOllld seem oC intere t to review tbe subject.

The supreme" queeze-up" o[ hi tory is the Pelee spine
in Martinique. All lava dome eruptions are similar i~

origin aud one may quite ju tifiably inquire whetber
.. queeze-ins" as well as "squeeze-up" do not constitute
many of tbe intrusions of geology. The Ilydrostatic PI' s­
sure of granitic intrusions at chneeberg in Germany is
su 'h that it split folia in slate, penetrated between the

thin paper-like layer of the slate, and recrystalliz d tile
clay to h01'll3 tone, The Pelee pine wa a central pencil
of pa te in a cumnlo-dome cored vertically on the out­
-ide as it craped the wall of it container and 1'0 e I, 00
r et into the air. Then its top curled over and spalled off.
It wa never ucked ba'k, but flaked away to a tump.
It compo ition wa a hyper ·thene ande ite, and 0 it wa
more vi cou and refrectory than ba alt.

In the hi tory of "bench magma" in ide Halemaumau
pit th re have been many occasions when the crag of
emi- olidified ba altic pa te at 9 0 C., forming the wall

of the container of the lava lake -not the wall of the pit
-have ri en as eparate pencil of pa te within other ma­
terial oC greater hardne s. "'h n they did this they showed
crap d surfa 'es. When the en tire lava column of this

bench material has lowered rapidly, it has fractured into
terrace on the insloping funnel wall of old rock, and the
terrac'e face show scraping made by the sinking block of
th next terrace below,

In the filling of basins with pahoehoe lava by overflow
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Worm stalactites from glaze of roof of cavern Kilauea floor. Photo Maehara.

in the larger crater , there are built " chollen-dome .. or
hillocks of swelling crust. 'What was a puddled tlat. with
ropy lava shell, begins in the cour e of hour to well up.
A laccolith of basalt pa te i ri ing in ide. becau e of ome
equation between re istance to furU) I' spreading and re­
sistance to upward lift. If upward lift i the easier for
the ontlow of the Ceedinl!: tream which i pouring through
a tunnel to feed the flat, there will be no further cap
of "toe. " pushing out from under the skirt of cru t. "'hen
the wollen dome, 50 to 100 feet acro ,lifts a hell 3 feet
thick. th re finally arises a star- haped opening between
sectors in the top of the dome. The dome gets to be 10 or
15 feet high. hen the paste "Squ ezes up" through the
opening on toP. It ith I' trickles down and skins over.
or it sputters up and builds a spatter cone. If it has par­
tially cry tallized insid the heap it ma~- rise as an "aa"
or clinker lava pndding and so produce a tiff plug' or

pine or " queeze-up," to u e olton' expre ion.

The pictnre on Pa!!:e One hows four toe wit I fes­
tooned kin of pahoeho lava which ha welled up from
a rack in the floor of Kilauea rater in 1919. Each lOe

derived by squeezing out from under the kirt oC the
toe next preceding. The fe toon. are convex down. tream.
The farther toe well d up a crack, the next two were
progres ively formed by swelling and rupturing front,
and the long one in the foreground is double and exhau ted
th lava available. While incande cent and in action
the e toe or "pushe "a Brigham called them re emble
a bag of red jelly. They are a foot or two in diameter.

Stalactites and talagmite in grottoe and cavern
tell quite a different story. Here again there ar ome
which are products of splash phenomena, and al'e nothing
more than lava drip where a stream ha vacated it banks
and left pointed glassy shreds hanging from helves. 'ot
so with such vermiform or rod-like ·talactites and driblet
spires as are shown on Pages Two and Three. These
photograph were taken by flashlight in a cavern on the

Kilauea Crater floor. ueh cavern were in 1919 red hot
and full of flowing lava. They were Cormed by streams
which ru ted over and then kept on flowing under a
bridge of cru t. Th e same tream in tunnels of their
own ongealment are what lead at the front of a flow to
the e cape of toe uch a are depi ·ted on Page One.

But there comes a time in ev ry tlow where the upply
of lava diminshes. In such case the amount flowing from
the ouree does not equal the capacity of the tunnel.
Ac ordingly the river of melt bubbling along inside the
tub lowers so that th upper half of the pipe is full of
g'RS or air, the walls ar of bright yellow incandescence,
and the gases escaping from the lava are continually burn­
ing to maintain a very high temperature on the celling of
the cavern. \\'ith this temp rature above 1,200 .. air
bin/!; ucked in b low a the hotter gas escape through
crack and window in the roof. there i et up a bla t
furnac condition oft n maintained for weeks or months
on the inner rock Ilnin~ of the cupola in the ceiling and
of the ide 'all of the tunnel. Thi tlow of ga quietly
burning with great volum of exces oxygen dragged up
th tunnel from inumerable hole. cra k , and pore, melts
the tunnel wall to a glaze of quit different cry tallinity
from normal lava.

In 1919 it was rep at dly possible to go to the "win­
dow .. of collap e in th roof of the "Postal Rift Tube,"
wher Crom Halemaumau a torrent of lava was tlowing
throu~h a tunnel, and to look inside and see an orange­
hot cavity with a golden river sweeping by underneath,
litt! bubble continually breaking the urface of the glow­
ing stream, and adding ga to the evenly brilliant waU .
On the e walls hung motionles stalactite, some Ii!te
cUITants. some like grapes, some like walking sticks, and
some like worms. Thes are what are shown in the photo­
graph. They are tbe material of the gas-melted glaze.
Th y form very lowly. When incandescent they may be
rocked back and forth like macaroni before it has dried.
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If the heat ha fallen b low their formation temperature,
a touch will break them off. They do not trickle. They
form by accretion.

If we take one of the worm stalactites and examine it
with a lens, its outer skin has very delicate trac ry of
ripples in a silvery coating of magnetic oxide of iron. If
we break a worm stalactite it has vesicles inside lined
with crystals of feldspar and augit. If we make a thin
section of a solid part it is crystalline, but different in
texture from cry talline basalt. H we break a rod ta­
lactite it may be hollow like a pipe- tem. The tala mite
undern ath mu t be made by drip in ome early high­
temperature tage of the talactlte formation above them.
I have never seen worm stalactite 0 hot that til y were
visibly dripping. In any case the drip i melted rock, and
has nothing to do with water. Thes stalactite ar some­
times two feet long.

There are two kinds of extrusion within caverns which
are direct squeezings of molten lag. One is a "miniature
volcano" of the cavern floor. Typ of the e ar een in
the innermo t rece e of Thurston' tube at Hawaii. 'a­
toinal Park. It i con or pie- haped with lop like a
miniature Ye uviu. Another is the "barnacle talactite"
squeezed through pore or crack in the cavern wall
while all are incande cent. The e thinl?,' are all produ t
of pre ure adju tment between cracking hell of cavern

and molten matter in the flow beyond the hell. The
baruacl talactite ha triation on the side and may
even be a thin papery layer which has oozed through a
mall crack and tand out from the wall. Lastly, there

are glaz stalactites which take massive form like udders
and tats. T.A.J.

KILAUEA REPORT No. 1019

WEEK E, 'nIXG AtjGtj T 2, 1931

ection of Yolcanology, . S. Geological Sun'ey
T. A. Ja aar, Yolcanologi t in Charge

Th volcano remain inactive. On July 27 ome sul­
phur pot on th Halemaumau bottom seemed a little
brighter yellow. .·o·t am or fume \Va detected. Crack
measurements near the outheast rim showed no note­
worthy 'hange·. A 10 al earthquake at 2: 43 p. m. July 30
was f It at the Observatory and by a few people in the
neal' vicinity. It ha. not been report d felt els where on
the i land.

The in trument. at the Ob en'atory regi tered 15
tremor', one very fe hie . ei m, and one feeble ei m. In
addition there wa one pell of continuou tremor 4 :43

a. m. to 5: 09 a. m. July 30.

The avaral?,'e tilt movement for the week was slight
-. '-n'. licro ei mic motion wa light.

Worm and rod stalactites, and stalagmite spires below, inner recesses of cavern,
Kilauea floor. Photo Maehara.



Island of

HAWAII

Page Four

Cd, l1"""m
KEALAKEKUA (1'.0

£JA y l4'~~;~ ..l

C"r orRd'Sc

HOOKENA

THE VOLCANO LETTER

UtiE.NO
l1i!1;" R06<Is

_ (Jn~ved Reads
Th:,;/s

leMA. t. "'I"".
I.'f'.. '0 •

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 I!>
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 buildin~s. research fellows, instrumental pllUlts.
explorations and special investigations for which there is no
governmental provision. The Geological Survey matotains vol­
cano stations in Alaska. california and Hawaii.

The Board of Directors includes Frank C. Atherton and Walter
F. Dillingham. Vice-Presidents; L. Tenney Peck. Treasurer;
Wade \Varren Thayer. Arthur L. Dean. and Richard A. Cooke.

Persons desiring application blanks for membership ($5.00 or
more) should Itddress th" Secretary, Hawaiian Volcano R"search
Association. 320 James .amphell Building. Honolulu. T. H.

THE VOLCANO LETTER

The Volcano Letter combines the earlier weekly of that name.
with the former monthly Bulletin of the Hawailan Volcano Ob­
aervatory. It is published weekly. on Thursdays, by the Ha­
waiian Volcano Research Association. on behal[ of the section
of volcanology. U. S. Geological Survey. It promotes experi­
mental recording of earth processes.

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

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

HAWAllAN 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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Tarawera Volcano and the Tarawera chasm of 1886, showing
mahana Crater in the foreground. Country covered with ash.

1925 by Baker.

the refilled Roto·
Photographed in

ERUPTION OF TARAWERA

In June of 1886 a steam-blast eruption took place from
the old volcanic mountain Tarawera and the geyser basin
Rotomahana. This event in the thermal springs district
of the North Island of New Zealand is worthy of review.
The volcano region lies 60 miles to the west of Napier,
which was stricken by earthquake February 3, 1931 (Vol·
cano Letter No. 327).

Tarawera lies in the Taupo volcanic zone trending N.
38° E. from Ruapehu to "Vhite Island. This zone is famous
for many hot springs, geysers, mud volcanoes, and sol­
fataras. Masses of heated magma must exist at no great
distance below the surface. Ruapehu, Ngauruhoe. and
Tongariro, in the southern part of the zone, are definitely
active volcanoes 5,500 to 8,900 feet high. Lake Taupo is
in a subsided area north of these volcanoes and covers
242 square miles. About midway between Lake Taupo
and the Bay of Plenty is Tarawera Lake, northeast from
Lake Taupo. Tarawera Mountain is next to the lake, a
flat-topped mass of porous rhyolite lava of light gray color,
standing 3,606 feet above sea level, and 1,040 feet above
the lake. It was not known to be an active volcano, but

studies of its structure show that it is a true cone, with
beds dipping outwards, lava streams on its lower slopes,
and a plug of what was viscid lava from a former eruption
in a NE-SW fissure on its top. There is something of con·
centric structure in this lava cap.

The warm lake Rotomahana lay two miles southwest
of Tarawera, bordered by hot springs and jets of steam.
The siliceous sinter of the White and Pink Terraces was
on ground which sloped down to the shores of this la~e.

Water which overflowed the terraces boiled as geyser in
the basins above. Rotomahana with its terraced sculptur­
ing, azure warm waters, flocks of dainty terns, and green­
ery amid steam jets was one of the fairylands of the globe.

At the top of the White Terrace was a snow-white
geyser bowl 90 feet broad full of clear blue water boiling
up violently in gushes 15 feet high. The basin became dry
when south wind blew, but filled again when the wind
changed. When the basin was almost full on these occa­
sions, columns of boiling water 20 feet in diameter were
hurled 60 feet into the air. In ovember 1885 there were
unusual eruptions of this geyser sending a column of water
up 150 feet and of steam 1,020 feet, unheard of in the ex­
perience of the resident Maoris. This was the prelude to



Page Two THE VOLCA a LETTER

the great eruption eight months later. The acid waters
of the crater basin on White Island Volcano in the Bay of
Plenty disappeared in the middle of 1885, leaving the bed
dry. In April of 1886 Ruapehu sent up unusual steam jets,
At the beginning of June, 1886, a creek went dry on Lake
Tarawera, then with a rushing sound the lake water came
running up, overflowing the creek bed, and thereafter retir­
ing twice after the fashion of unusual flood waves. No
earthquake was noticed, but some fault block movement
in Tarawera Mountain may have caused the retirement
of the waters.

The district is thinly populated. Natives on Lake
Tarawera did not survive to relate what happened. The
nearest observers were at the Wairoa, eight miles west of
Tarawera. The previous year had been very dry. After
a fine evening June 9, 1886, earthquakes occurred at 12: 30
a. m. June 10 and increased in violence for an hour. The
northern part of Tarawera Mountain split open and a
column of black ash-laden steam arose. This spread' to
other parts of the plateau summit of the mountain. At
2: 10 a. m. there was a violent earthquake, followed by a
loud and prolonged roar. A black cloud ascended and
spread outwards. Red-hot fragments were seen darting
from the cloud. Lightning began to appear, there was
rumbling, a red glow lit the scene and as fresh outbursts
occurred the clouds were lit up with stronger glow. Fire­
balls fell about the summit.

The fissure probably split its way southwest through
Lake Rotomahana soon after 3 a. m., for about that time
earthquakes were especially severe, the heaviest one hap­
pening at 3: 20 a. m. Engulfment on a big scale probably
occurred at this time. This continued southwest from
Rotomahana to other craters. By 3: 30 a. m. the whole
line was in violent eruption for a distance of nine miles
from beyond Tarawera on the northeast to Lake Okaro on
the southwest. Glow was seen only at the Tarawera end.
The clouds spread out, stones and saud began to fall at
Wairoa about 3 a. m, then at Rotorua about 4 a. m., and a
fierce southwest gale at this time drove the ash-laden
cloud away from Rotorua in the direction of the Bay of
Plenty. It dropped its ash over all the country between
Rotorua and the sea. The chief violence of the eruption
was over before 6 a. m. At Rotorua darkness lasted until
after 9 a. m. At Wairoa ash fell until 9 a. m., and about
Lake Tarawera many people were killed. In the direction
to which the ash cloud was blown, at Opotiki, 47 iles
away, it was pitch dark until 10: 20 a m., when the fall of
dust became lighter, and daylight gradually appeared.
Detonations were heard even as far away as Hokianga
(253 miles) and Auckland (133 miles).

Along the line of the great fissure a series of steam­
blast craters was formed. The greatest was the Rotoma­
hana Lake crater, with a hot lake left at the south and
another at the north. A great chasm was left in the south­
ern face of Tarawera Mountain, shown in the photograph
on Page One, with the Rotomahana lake refilled. There
were lines of pits at the north and at the south. The Pink
and White Terraces were blown out, with fragments left
in the debris. Bold Pinnacle Rocks of rhyolite stand ne~r
where the White Terrace geyser was. The southern POI"

tion of Rotomahana Crater is bounded by high cliffs of
horizontal strata. Tarawera chasm in the hillside is a

gash a mile and a quarter long. The bottom is marked
by crater·like hollows. The largest hollow has a thousand­
foot wall at its back Large trees were blown off the moun­
tain and their stubs were found near Rotomahana. Molten
augite andesite was believed to rise in the fissure during
the glowing ~tages of the eruption, and was ejected ex­
plosively as scoriae, sand, and dust. There were also
bombs one to eight inches in diameter, with cracked sur­
faces. The rock is black and approaches basalt, with sp.
gr. 2.93. Olivine occurs sparingly. The only ryholite
ejected was fragmental from old country rock.

At the south end of the Rotomahana Crater there
developed in later years the famous destructive mud
geyser Waimangu, irregular in its outbursts and at times
behaving like a steam·blast volcanic eruption. On sever.al
occasions it caused loss of life. (From A. P. W Thomas,
Eruption of Tarawera. N. Z. Gov't Report, 1888.) T.A.J.

TILTING OF THE GROUND FOR JULY

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 sesimo­
grams by platting a curve smoothed by overlapping seven­
day averages. This is the departure of the plumbline in
the direction given.

June 29·July 5 0.9 second W.
July 6-12 0.4 second NW.
July 13-19 0.7 secont! NNE.
July 20-26 0.4 second NNE.
July 27-August 2 0.8 second WNW.

KILAUEA REPORT No. 1020

WEEK ENDING AUGUST 9, 1931

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

The week at Kilauea passed without changes in v\>l­
canic conditions. On August 3 no fume was visible on the
Halemaumau bottom. Steam showed at the southeast
rock slope but not at the south talus. A strip of sulphur
at the lower edge of the south talus appears to be spread­
ing in the direction of the 1931 cone. Rim cracks were
measured and showed no changes. On August 4 fume re­
appeared at the sulphur spot north of the 1931 cone. The
pit seismograph had registered two small tremors with
slight tilt toward the pit. On August 8 steam and fume
were absent from the interior of the pit. A few rocks were
heard falling on the north talus at 9: 30 a. m. The pit
seismograph recorded a few slow-period tremors.

There was a very considerable increase in the number
of seismic disturbances recorded by the instruments at
the Observatory, including 39 tremors and 6 seisms. One
of the latter at 1: 43 a. m. August 3 showed distance to
origin 23 miles; another at 4: 22 p. m. on the 8th showed
distance 14 miles and was felt locally. In addition there
was a teleseism at 3: 54 p. m. August 6 feebly recorded.

The average of accumulated tilt was slight NE. Micro·
seismic motion was slight.
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Crater of Fujiyama, August 1917, showing a typical engulfment crater with dikes
in its walls, with a section of a lava fill, and inner debris slopes of last engulfment.
This is not especially different from Tarawera Chasm, though nothing is reported
about engulfment during the Tarawera eruption. Fujiyama Crater is central,
whereas the New Zealand craters of 1886 are numerous and in a line. It is probable
enormous engulfment occurred at Rotomahana, when the lake and the geyser

terraces fell into a void. Photo Baker.

Page Three
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The lines indicate approximate distanees and in
many cases DOt direct steamship routes. the beavier
lines showing. however. the commoner IOW'c:eI of

ocean traffic to Honolulu.
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Hualalai as seen from the southeast. The two prominent points are large cones of
cinder and slag. The largest summit pit crater is not visible but is located just over
the skyline formed by the saddle between the two cones. Photo O. H. Emerson.

Augu t 20, 1931

HUALALAI

Hualalai Volcano lie ntlrely within the bound of the
North Kona District of Ole I land of Hawaii. It has til
hape of an elongated dom with the longer dimen ion of

the dome lying almo t on a line drawn due northwe t from
the ummit crater of Mauna Loa. The belt road around
Hawaii follows the lop of Hualalai for a di tance of
more than 30 mile between K alakekua and Waimea, half
encircling the volcano. Th broad fan· haped plain which
culminate in Keahole Point, the w termo t poin of the
I land of Hawaii, is formed of pahoehoe flows from thl
volcano.

The ummit peak of Hualalai ha an elevation of ,251
feet above sea level, more than twice the elevation of
Kilauea Crater, but lacking more than 5,000 feet of attain·
ing the extreme altitudes of Mauna Kea and Mauna Loa.
Because of its moderate hight, the mountain is covered
with vegetation almost to its very ummit. There Is a
remarkable contrast in typ of vegetation on the two op·

po ite lopes of the mountain due to different conditions
of rainfall. The northea t lopes, the trade wind side,
are reached by trade winds only after they have 1'0 sed
th broad plain of "'aimea and have lost mo t of their
moi ture. A a con quen • the entire northern slope of
Hualalai ha a relatively mali rainfall. probably nowhere
exceeding 40 or 50 inche of rain a year. The vegetation
of thl lope accordin Iy i made up of the kind of plants
which en t on a mali amount of moi lure, but it i ufli.
cienlly luxuriant to provide pa ture for cattle so that mo t
of the northern lope are utiliz d a range land by the
Huehue and Puuwaawaa ranche .

ondition on the outhwe t or leeward lope are
v ry different. The ar a is heltered from the trade winds
by the ma of the mountain, 0 that a true land and sea
breeze is characteristic. During the night, the slopes of
the mOtmtain cool off more rapidly than does the ocean
which auses a breeze to blow from the colder mountain
lope toward the warmer ocean. Then as the sun warms the

mountain slope more rapidly during the morning hours than
it does the surface of the ocean, th wind reverses and blows
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A small pit crater near the summit of the mountain. In the wall
is exposed an old lava flow (at bottom of picture) covered with
several feet of bedded cinders from a nearby cone, and over all
two or three flows of recent lava which have been poured out

since the cinder cone activity. Photo O. H. Emerson.

from the sea onto the land. This day breeze is laden with
moisture from the ocean, and a it coolon it way up the
mountain ide. it d op it exce moi ture in alma t the
arne general area every day. A a con equence of thi

combination of condition, the rainfall gradually increa e
from ea level up the lope of the mountain till it reache
a maximum (over 100 in he a year) at an elevation be­
tween 2.500 and 3,0 0 f et, then decrease gradually from
thi rain belt to the top of the mountain. Thu th
vegetation of the outhern lope of Hualalai change with
thi distribution of rainfall from the emiarid plant at
ea level, through fern jungle in the rain belt, then back

to the fore ts and gra es of the dry land on the higher
lope. The belt road pa se through a region of moderate­

ly heavy rain and the lands ac essible from the road are
used for coffee and other planted crops. The lower and
upper dryer slopes are u ed almost entirely as grazing
lands by the ranches of the area, but the narrow belt of
highest rainfall is too wet and swampy for human use,
so in the main is left as native fern jungle.

Hualalai is by far th most "climbable" of all the
vol('anoe of Hawaii. Th a ent to it ummit and ide
trip oyer its lope are plea ure jaunt compared to the
gruelling climbs to the ummit of Mauna Loa or Mauna
Kea or to the arduou wand ring through the jun!1;le
on Kilauea. It al 0 i au extremely intere ting volcano
from the tandpoint of the geologi t or volcanologi t.

The fir t my tery of Hualalai i the que tion of it r­
latlon to Puu Anahula and Puuwaawaa. The e two area
ar I ated on the northea t lope of the mountain and
are kipuka , or i land, left in the younger flood of lava
from the top of the volcano. From their position 0 near
to Hualalai, they would em to be a part of that volcano.
yet the lava of which they are formed is very differ nt
from all the other lavas of Hualalai. but very imilar to
ome of the lava of the Kohala volcanoes. So far the

question ha not been answered whether Puu Anahula and
Puuwaawaa belong to a very old stage of the activity of
Hualalai or whether they really are parts of the Kohala
mountains.



THE VOLCA 0 LETTER Page Thre~

Leaving thi que tion open, it i known that the vol·
cano as we ee it began it activity by pouring fiood of aa
and pahoehoe lava out of a number of vent arranged
along a Ii ure line or zone of crack which i almo t
tral ht in a northwe t· outhea t direction. A more and

more of the e fiow were poured out they built an
elone:ated dome. A th·it}· wa more pronounced at one
particular part of the fI ure line 0 that the dome of fiow
wa built up to a greater elevation at thi spot. There
may po Ibly have been a ummit crater imilar to 1\1oku­
aw oweo on the top of thl Hualalai dome. CertainlY the
tructure of the Hualalai dom , elongated along a line of

crack , is very similar to the tru ture of Mauna Loa as
it exi ts today.

Gradually the eruption [rom the Hualalai dome began
to hange from quiet outpollrln~s of lava flows to eruption
whi 'h were more violently xplosive and which broke np
th molten lava into small particles of cinder and ash.
These cinder eruptions broke out in many places along
the main rift line and built up huge conical piles of cinder
and ash, as well as poured out 'maller flows of aa lava.
Many of the e cinder piles can be seen on the lower slope
of the mountain below the Hu hu Ranch, and the two
mo t prominent ones form th two highe t point of the
monntain.

After these explo h'e eruption -, for orne rea on th
activity chan ed back again to the more quite type, and
the later flow ha\-e been poured out with Ie explosive
acth-Ity at the ouree vent. A ompanying thi chanl!'e in
typ of activity, the main activity eem to have shifted
from the center of the volcano out along the rift line in
both direction from the center. There ha been a mod·
erat amount of the later act!"ity at the top of the dom ,
enough to pour out a f w mall flow nd to build everal
larl?:e pit cratel'S at the top, but by far mo t of the later
flow have been poured out from point on the rift line
down both slopes from the center, lost of the pit craters
and lag cone which show up 0 well along the rift line
on the relief map which wa made by Dr. Pope have been
formed during these later mptions.

Thi type of activity has continued into historic time.
There bave been apparently veral flows from Hualalai
since the occupation of the I land by the Hawaiians accord·
ing to accounts given by native to Elli In 1 23. He says:
".... the traditional ac ounts given by the native of
the eruptions, which, from craters on it (Hualalai) sum­
mit, had in different age deluged tile low land along the
oa t; ... ." (EIlis, p. 53). The only activity whi h has

occurred ince the arrival on the i land of Engli h ettJer
took place in 1 00·01. On Dr. Pop' relief map two recent
flow are hown on the north lope of the mountain. The
we tern and horter one of tile e I marked a the flow
of 1 1, and the other a the flow of Kaupulehu. Ther
ha been a considerable di cu Ion a to whether or not
both of the e flow are of the same date, Le. 1 01. In a
per onal communication Dr. Pope tate that he I con·
vinced that the Kaupulehu flow belong to the 1 01 erup­
tion.

EIIi.' de cription of a vi It to the ource crater of th
1 01 a tivity certainly seem to indicate that the Kaupu­
lehu flow the one in que tion. Parts of his description
follow:

"Having traveled about 12 miles in a northeasterly
direction, they arrIved at the last house on the we tern
side of the mountain." (Probably Huehue Ranch) "

Leaving the path, the party began to a cend in a outhea t
direction and traveled about ix mile ,"

At thi ,pot the party pent the night. The location
of their camp probably wa on the northwe t rlde:e of
Hualalai, a few mile above the pre ent belt road.

"Having united in their morning acrifice of thanks­
giving to God, and taken a light breakfa t, they re umed
their laborions journey. The road, lying through thick
underwood and fern, \Va w t and fatiguing for about two
mile, when they arrived at an ancient _cream of lava,
about twenty rod wide. running in a direction nearly we t.
A cending the hardened surface of thi stream of la\'a,
0\'1'1' deep cha IDS, or larg ,'olcanic tone imbedded in
it. for a di tance of three or four mile , they reached the
top of one of the ridges on the w tern side of the moun­
tain.

"Between nine and ten in the fOJ'enoon they arrived
at a large extinguished crater, abollt a mile iu circumfer­
ence, and apparently 400 feet d ep. probably the arne that
was vi Ited by om of "an ouver' people in 1792. The
sides loped regularly, and at the bottom was a mall
mound, with an aperture in its entre. By the ide of thi
large crater, di.ided from it Oy a narrow ridge of volcal\ic
rocks. \Va another fifty-six fe t In circumference, from
whi 'h volumes of ulphureolls smoke and vapour continual­
ly a ceuded. Xo bottom could be eeu; and on throwing
l:\tone into it. they were heard 0 trike again t it ide
for eight eeond. but not to reach the bottom. Ther
were two other aperture near tlli . nine feet in diameter,
and apparently about 2UU feet d ep.

"A the party walked alon~ the giddy verge of the
large crater, they could dl tingui h the cour e of two
principal tream, that had i.. ued from it in the great

rnption, about the year 1 UO. One had taken a direction
nearly northea t; the other had flowed to the northwe t,
ill broad ine. istible torr nt , for a dl tance of twelve or
fifteen miles to the ea, wh re driving back the water,
it had extended the ooundarie of the island. They at­
tempted to de cend this crater, but the steepne s of its

Ides prevented their examining it so fully as they de-
sir d." H.A,P.

KILAUEA REPORT No, 1021

WEEK ENDING A GG l' 16, 1931

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

There i nothing new to I' port. team and fume were
detected occa ionaIly at vent within Halemaumau, u uaIly
very thin a dry weather ha prevailed. On Augu t 13
about 9 a. m. there wa a large avalanche from the middle
of the northwe t waIl, au in much du t. Another
avalanche du t cloud wa ob erved from uwekahuna about
9:20 a. m. Augu t 15.

The seismograph at the Ob ervatory recorded 23
volcanic tremor, ix very feeble local sei m and one
tele ei m. Three ei m gave Indi ated di tance a fol­
low: Augu t 12 6:11 a, m" 4 mile; Augu t 13 6:20
a. m., 11 miles, and 7: 03 a. m., 5 mile. -one was reported
felt. The telesei m registered at 11: 04 a. m, Augu t 10
without distance pha es,

Tilt for the week wa slight NNE. Microseismic mo­
tion was slight.



Page Four THE VOLCA 0 LETTER

Model of Hualalai, 1930, by Willis T. Pope. Shows recent flows and the northwest-southeast summit

rift well marked by cinder cones and pit craters. Distance from Kailua Bay to Keauhou Bay (south·

west corner) is about six miles
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A typical pahoehoe surface on a lava flow, The skin of vesicular glass
which forms rapidly is often wrinkled and contorted into curious shapes,

Flow from southwest flank of Kilauea December 1919. Photo Finch.

.Augu t 27. 1031

VOLCANIC PRODUCTS

The tatement j often made that the j land of the
Hawaiian group have been formed by vol anic action. In
other word, the islands are built of materials which have
b en thrown t)ut from a number of separate volcanoes. It
may be of interest to consider in orne detail what these
volcanic products are of whi'h the Hawaiian [slands are
made.

Geologi who have tudi d the qu tion are rathpr
well agr ed that th ba in o[ the Pacific Ocean i mada
up largely of a kind of 1'0 'k known a ba alt. One of the
facts on which this statement is based is Ulat mo t 0 the
material thrown out of th numerous volcanoe in the
Pacific Ocean basin i basalt of nearly uniform compo i·
tion. ThL i certainly true in the Hawaiian I land~. All
of the volcanoes in the Hawaiian !n'oup have drawn the
material for their eruption' [rom a common, deep-lying
upply of ba-alt. Geologi ts do not a ree a to the exact

phS ical condition in which th ba alt exi t under the
o ean. However, for the tudy of volcanic products it i
unnecessary to determine this original condition. 'Ve are
interest d in the basalt only after it begins to be erupt d
from on of the volcanoe .

"Cnd I' appropria e condition. of h at and pre urE',
part of the deep upply o[ ba alt und I' a volcano becom s
Iiqnid, and then i capable of being ernpted from the
vol anic vent at the . urface of the earth. "'hen it is in
this liquid condition it i all d "magma." :\lagma may be
defined simply as liquid rocl<. In mol' detail it may be
d fined as a solution of a number of chemical elements in

different chemical combinations just a ea water is a
olution of many chemical el ment , the mo t important

of which are sodium chloride common salt) and pur
water. hemi t expre s the amount of the different
elements in a rock in terms of their weight when combined
with oxygen. A typical basaltic magma would be made up
of the following principle lements in the given propor·
tions:

Oxide of ilieon .' 50%
Oxide of aluminum 14/k,
Oxide of iron 10'1-
Oxide ot ma~l1e 'ium ~

Oxide of calcium 10'1,
Oxide of sodium '.... 3%
Oxide of potasflium 1%
Other sub tane s 4<10

In addition to the main elements. the magma contain very
'mall amount of many ·ub. tance nch a water, man~a·

nese, titanium, pho phoru.·. ·ulphur. nickel, hromium,
copper, chlorine, carbon, and molybdenum. Thu we ee
that a magma i a very complex liquid made np of a lar~

number of elements iu oIution.

The magma can exist as a liquid only at very high
temperature. Dr. Jaggal' made a number ot mea ure­
ment of the temperature in different part of the magma
lake rangiug' from about 750 degree entigrade to 1,500
degree' entigrade. Iron in a bla t furnace would be
white hot at the higher of th e temperatures.

'Yhen the magma begins to 1'1. e in the throat of the
volcano, some of its elements begin to combine to form
ga uch as water vapor, sulphur dioxide, and carbon
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The lava flow from Mauna Loa in 1926 as it crossed the road like a
moving cinder pile. The clinkery, broken surface of the aa flow is
radically different from the smooth, glassy surface of the pahoehoe
flow, yet the lava forming the two different flows may be of exactly

the same composition. Photo Boles.

dioxide. The ga come out of the magma olution, b gin
to expand and form bubbl ,and cau e the whole rna of
the magma to swell and fro h like oda water in a bottle
after the cap is removed. The expanding ga make pre.-
ur within the liquid magma which help force it to the

op ning in the crater of the volcano and make the magma
erupt. If the gas pre ure i. I' latively low and the open­
in~ to the volcanic vent i fairly op n. the e caping ga
make fountain of liquid lava at the vent such a ar
s n in IIalemaumau or at th heads of the Mauna Loa
flow. However. if the gas PI' 'ure i great and the

cape of gas is pa t1y obstructed, the lava may be thrown
out of th vent with great violence. These stronger gas
explosions break the lava up into drop and fragments of
different sizes so that, instead of a lava flow, an eruption
of volcanic ash "l,nd cind rs will result. Such activity has
formed the large cinder con s on Mauna Kea and such
crater as Diamond Head on Oahu.

Going back to the magma, a the gas begins to bubbl
out and the lava rises In th vol ano, it temperature i
lowered by radiation of beat to the rock forming the
throat of the volcano and to th op n air. A the temp .ra­
tur drop, orne of the constituent of the magma combine
and cry tallize frOIr the olution as mineral which 'an
h come olids at high temp rature. Olh-ine (Hawaiian
diamond i one of the e mineral which begin to form
cry tal while mo t of the magma I till liquid. orne
of the liquid lava dipped from Halemaumau had large
cry tal of olivine floating in it. Ince the oli,ine cry tal
begin to grow before the lava i erupted. man}' of them
attain a large size and are con pi uou in orne flow a
large reenish crystal known a phenocry t Olivine i
made up of magnesium, iron. and ilica and is called a
magne ium-iron silicate.

Other minerals begin to pre ipitate from the magma
when the temperature drops still lower. The two other
important minerals which form from basaltic magma are
pyroxene and calcium feldspar. Proxene is made up of
calcium, magnesium, iron, and sllica. Calcium feldspar
is made of calcium, aluminum, silica, orne sodium, and a
little potassium. Proxene and calcium feldspar are the

mo. t abundant mineral. in ba alt, olivine i' third in
abundance. and the only other common mineral of much
importance i magneli iron ore which i pre ent up to
5 or 6 per cent in om ba alt. Though olivine i the mo t
common phenocry t In th Hawaiian ba alts, occa ionalIy
pyroxene and calcium f ld par are found a black and
white phenocry t , re p ctiyely.

If magma cool fairly lowly, there will be time enough
for all of it con titutent to combine in cry tal of the
above mentioned minerals. However, if the liquid magma
is ooled very rapidly it may freeze to a solid form with­
out giving the elements time to form cry tal. This rapid­
ly frozen magma is a volcanic glass which is called ba altic
ob idian.

H the magma is thrown out in explosive eruptions,
such as have occurred on Mauna Kea, the small drops of
magma which are sudd nly blowll out into the air 001
very rapidly and form small particle of basaltic obsidian.
Many of the e particle ar full of gas bubbles and so form
a sort of glas ponge which is called pumice. The larger
fragment or bleb of magma may be big enough to 001

more lowly and 0 have tim to cry tallize to some extent.
lany of them are full of bubble hole al 0 and 0 form
lag-like piece which are called cinder. An explo Ive

eruption thu produce fine grain of gla yah or pumi e
and coal' er fragment of partly cry talline cinder~.

A mall part of the ma~ma which come out in a Quiet
ruption i blown into the all' by the fountain at the
ource vent. Thi parl fre z rapidly and form a little

pumice and Pele's hair whi h i ba altic gla drawn out
Into fine thread. However, mo t of the magma from quiet
ruption pours out as lava flow. The e are of two

type, aa and pahoehoe, which are di tingui hed by the
character of the surface o[ the lava flow and not by any
difference of composition of the lava.

If tile magma which flows out i so hot that it con­
tain very few crystals, the surface of the flow rapidly
freezes and forms a thin skin of basaltic glass on top of
the flow. This skin acts as an insulator and permits the
rest of the lava in the flow to retain its heat and 0 to
cool lowly enough for completl' crystallization. A flow
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Fountaining lava at the source of the 1919 flow from Mauna Loa. The force of the ris­
ing gas throws the lava into the air and blows it full of bubble holes. Pumice and
Pele's hair are formed by this sort of fountain. If the explosive force becomes much
greater, all of the rising lava may be blown into the air to form cinder and ash cones.

Photo Jaggar.
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'hich ha' formed uch ala,,'y skin on it urfa e i'
called a pahoehoe flow.

In contr:l t, if the magma ha been cooled enough be­
ior expo ure to the air '0 that it i full of tiny cry ·tal ,
a,' 'oon a' it i expo 'ed to th air all of the magma cry tal­
Iize8 rapidly. Thus. in tead of forming a gla- y skin on
its urface, the flow form. a top layer of cry talline
clinkers, This clinkery uriac also Is an insulator 0 that
th Inner part of the flow los s its heat slowly and haR
time to crystallize com pI tely. A lava flow with a link ry
surface is called an aa flow.

Aa and pahoeho flows mak up most of the ro('k of
the Hawaiian Islands. ind r8 and ash are pre ent in
appr lable quantity on the islands of ~Iaui and Hawaii,
and ar fairly conspicuou a' building material in the make
up of Oahu. For example, Pun 'h Bowl and Diamond Head
on Oahu are crater. made up larl;ely of a h and cinder.

H.A.P.

KILAUEA REPORT No. 1022

'WEEK E.:DL·G A -GC T 23, 1931

Section of Volcanology, . S. Geoloaical Survey
T. A. Jaggar, Volcanologi t in Charge

There are no vi ible hange in volcanic condition at
Kilau Halemaumau remain quiet and with the u'ual
vapor activity. The records of the ei mograph nearby
indicate quiet conditions.

There were 21 short tremors registered by the in tru­
ments at the Observatory, one two·minute tremor, and one
eight·minute tremor; and three very feeble local selsm .
One of the seisms, occurring August 21 at 12: 09 a. m., and
having close epicelltral distance, was felt locally; anoth I'

at 11: 05 p. m. August 22 howerl di tance to origin 32 mil s.

The average tilt for the week wa very slight iIlE, with
a decided tr;'!nd to N toward the end of thi period.
Micro ei mle motion was ,light.
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Marked crack where it emerges at southeast rim of Halemaumau, showing
method of measurement with wooden calipers at painted spots.

VERTICAL AND HORIZONTAL GROUND MOVEMENT

"Tilting of the ground a recorded by the slow and
versi tent wandering of the re ording pens of the sei mo­
graph has been found through past years at the Observa­
tory to be weU worth observation. Such tilting away from
the pit of Halemaumau has in general been correlated with
rising of the lava column, whlle tilting towards the pit
has usually come with retirement of the lava or at times

of general coHap e. The tilt at the Observatory appears
to have a normal annual range of about 10 seconds of arc
towards the pit outhwe t I during the first half of the
year, and a recovery during the second half. This normal
movement and orne other shorter period variations may
not be strictly due to volcanic causes. General tempera­
ture changes either of the instrument room, of the ground
upon which the Observatory stands, or of the face of th
cliff near the Observatory may produce tilting effect and
o account in part for this annual change, though experi-
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meuts show that it certainly i not a purely local mO\'e­
ment. Volcanic condition are known to produce tilt also,
and the e volcanic tilt et!e tare uperlmpo ed upon the
tilts produced by other cause ." (R. 1. Wil on in "Review
of Local ei mic Feature for the Year," Monthly Bulletin
of the Hawaiian Volcano Ob ervatory, Vol. XY. 1\0. 12,
December 1927.)

Quantitative mea urement of the uplift and depr ­
sian of the Kilauea dome have been made on everal oc­
ca ion in the past by mean of preci e pirit level and
horizontal movement detected by a careful re-
triangulation of a network of tation about the
pit also connected by preci' level. The fir·t

pirH level were run in 1912 by the . S. Geologi al Sur­
vey and subsequent runniu~ of thi line by the same
organization in 1920 and the . S. oast and Geodetic
Survey in 1927 have shown the value of spirit levels as a
means of detecting even small amounts of vertical dis­
placement. The methods used are fully describ d in
Monthly Bulletin of the Observatory Vol. XV, 0, 6, 1927.

The net of triangulation station about Kilauea wa fir t
establi hed in 1920 and the connectin~ levels run during
the same period. Final adjustment of both urvey by
the method of lea t quare wa made by the computing
ection of the Geological urvey in \Va hington, D. '.

In 1927 and 192 1\11'. R.•1. ""il on, engineer and math ­
mati('ian of the Ob ervatory at that time, who wa al a the
anthor of the 1920 urvey, made an identical re 'urve:' of
thi net. The result correlated ati factorily with the
!('eneral breakdown and depres, ion of the Kilauea dome
during the seven-year period whi('h they cm·ered. Hori­
zontal movement wa 'hown to be a general pUll-in of all
points towards Halemaumau as a cen er.

Similar repetition or urvey ha\'e aI a been exten ively
mad by the Japanese gO\'ernment III their quake-stricken
provin(' . and the U. oa t and Geodetic Survey ha
retriangulated the area along the 'an Andreas rift in ali­
fornia. ("Earth Movements in alifomia," by ""llIiam
Bowie, U. S. Coast and G odetic Survey Special Publication
No. 106.) The results of these mea urements as of thO!3e
In Hawaii show clearly and accurately the amount or dis·
placement of the earth's crust which took place during
the period of the cataclysm. Tawas ha been said some
of these dl placements were very 'mall and required the
most accurate of modern ngineering methods to dete t.
also the urveys were made after the greatest movement
had occnrred. The que tion ari e ince nch mall n ve­
ment· have been mea ured after a quake ha o('curred,
would it not be po sible to apply the e ame method to
he Pl' dic ion of quake, or a, more cIa ely concerns u

in Hawaii, the ri e of th Kilauea or .Iauna Loa lava
columns?

Th measurements in alifol'l1ia and Japan hay b en
concerned parlly with quake of tectonic origin, and a
su h quakes are cau ed by continued long train and
warping of the earth' eru t oy I' a number of years until
it ha reach d the breaking point. it would eem that here
a p riodic survey of known acti\'e fault areas would b of
valu. Thi' in Japan i. called "chronic tilting" hy Ima­
mura. (Topographical chang .' a('companying earthquakeH
or volcanic eruptions, by A. Imamura, PubL E. 1. . 1 'a. 25,
Tokyo, 1930.)

Her in Hawaii any su h measurements would have to
be on'elated with data from the seismograph or tilt-meter
and contiuued through two or mol' active pha e . since

the a tual tilt of the ground from day to day is mall and
not per eptible except by magnification. However, cumula­
tive tilt i undoubtedly a mea urable quantity and ince
accumulated tilt away from th pit ha been shown gen-

rally to precede an active pel'iod, it is po ible that
mea ur ments of the relative chang in elevation of e tab­
Jished bench marks together with tbe measurement of the
horizontal angular change between uch point would gi\-e
a more firm ba i for prediction.

·With thi end in view, and for general engineering u e,
four new tations marked wirh tandard"G. S. B. 1\1. tablet
have been e tablished about th rim of Halemaumau. One
i a few feet from the ei mograph cellar at th pit and
the other three form a rough quare spanning tbe rater.
Triangulation of these points has been made for any imme­
diate emergency. Later they will b connected by precise
levels to the 1927 circuit and a more accurate triangulation
made with perhaps an especially measured base.

Horizontal angles are observed by a repetition with a
Berger tran it graduated to 20 seconds. Each angle is
ob 'erv d 12 time, ix times in a clockwi e direction,
three 'etting made with tele cop direct, and three re·
H'r 'ed, both vel'l1ier being read. The angle i' then
maul' d in a imilar manner but in a counter-clockwi e
direction, the mean of the 12 reading giving the correct
angular value free from in'trumental error. HOI'izon
closures are made in the same way. Particular care mu t
be given to the centering of the in trument over the station
and of the signals over their re pective mark ,

The larger net of Kilauea tations will al a be reoccupied
and iden tical angle mea ured a Ole 10' of any line from
th PI' \'iously adju ted figure would nece itate an al·
mo,'t complete new adju tment and much of the value of
the work 10 t from it intended purpo e, a comparati\-e
-tudy with the two older urvey. together with the ac­
'umulated data for the ame period from the ei mograph .

A similar re urvey with the 'pirit level would !('ive a
mans fOl' study of any relative changes of elevation among
th everal stations in the net.

The measurement of rim cracks about Halemaumau has
in the past proved of interest, as w II as of value to the
public iu marking off weak or dangerous section about
th pit. The measurements, however, have not been very
refined, in trumental errors amounting to a much a two
or thr e millimeter due partially to uncertainty of xact
point of mea urement as well a the inacce ibility of
ome of the point. The e mea uremeins are to be reo
'umed with new point added from time to time and the
methods or mea ·urin~ revised. Tume c nce of the Kilauea
dam a the result of ri Ing lava haH its effect on the more
deep- eated fracture; a lift of thi la\-a column before
eruption in 1927 and 1929 cau ed a widening of the 'uper­
ficial rim crack with l:l etion breaking at! and a\'alanching
into the pit.

Kilauea. due to its acce ibility, i ideally Huated for
ob' n'ation and mea ur ment of lilt. ~Iauna Loa, on the
contrary, pre ent a probl m. Pre\'iou Iy e tabli 'hed tri­
angulation point' of suitable accuracy are carce, and the
PI' ci e spirit levels to the 'ummit run by the L. oa t
and Geodetic urvey in 1926 pro\'ide the only accurate
datum bench marlu; on the entire mountain.

Mauna Loa above timber line aione compri e' an area
of ov I' 50U square mil sand i· l' ally accessible only by
III ani'< of three trails; oue on the Kona or west side and
two 011 the sou thea t side, "'ater i obtainable only at
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the summit from melted ice or 5now in the crack5 and
from eattered water holes along the forest edge.

1'110 t of the hi toric activity. however. with a Cew ex·
eptJon ha occurred along th two rift zone or ridge

and at the ummit crater. and all of the flow ince 1 1
have commenced within a relatively mall area along the

outhwe t rift a few mile above Puu 0 Keokeo. tbough
generally preceded by an eruptive period of everal hOllr
at the ummit.

The establishment of a net of triangulation about the
wbole mountain similar to the Kilauea net would be of
immen e value for future tudy. but the expen e of urvey­
ing such a net would be mol' or Ie s prohibitive. A tro­
nomic azimuth observations would have to be made. a base
line measured. the vre ent tran it replaced by a repeating
or direction theodolite, and lhe net carefully connected to
the recent inter-island triangulation by the Coast Survey.
However, small independent n ls spanning the most active
parts of lhe rift zones a' well as lhe summit crater would
not be prohibitive in co t, and like the mall Kilauea net
would be readily ubj ct to periodic remea urement and
bence comparative tudy. Exten ion to the e net of the
existing level could b mad and vertical di placement
mea ured from time to time.

Mauna Loa as a whole pre nt· a problem of ab orbing
intere t as yet practically untouched. Some ort of auto
road to the 'ummit and one from the Kona ide to the
outhwe t rift would go a e;reat way toward overcoming

the ob tacle encountered by anyone attempting ob ena­
tion on the mountain. The roads would al 0 open an
entire new field to the touri l. ei mograph and tiUmet I'

station would be establi hed at critical point and prop I'

attention given them.

'''ith its present inacce sibility Mauna Loa can be p 1'­

bap be t tudied through th means of mall triangulation
nel conn cted by level and the con truction of tiltmeter
stations with a til eter d vi ed which would record it
T ading at the distant Ob ervatory and require but infre·
qu nt field in pection. Dr. Jaggar i at vresent workillg
on plans for such an instrum nt.

The Puna Di trict and Hualalai have been cene of
recent evere shocks and also pre ent fields for the tudy
of tilt problems.

The above notes repre ent an outline of some of the
work the Ob eryatory ha done in the pa t and wbat th
writer hope to take up in the future in the inve tigation
of the horizontal and vertical movement or tilt of the
ground about the e\-eral activ volcanic region In Hawaii.

E.G.W.

KILAUEA REPORT No. 1023 '

'WEED END!. 'G A 'G T 30, 1931

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

At Halemaumau pit slight fume was observed rising from
a sulphur spot on the north side of the 1930 cone on th
afternoon of August 23. team wa notably ab ent AUl1;ust
24. A slide from the wall occurred about 9: 40 a. m. August
26, and fume wa ob erved on the floor. About 7 a. m.
Augu t 30. soon after tile moderate earthquake record d
below. an avalanche at the pit on the northea t ide sent
up a thick cloud of du t.

The ei mograph at the Ob ervatory registered 19
tremor and -1 local ei m. Of the e one at 2 a. m. Augu t
25 wa. very Elightly p rceptible and indicated di tance of
origin 14 miles. A ·tronger earthquake wa felt generally
on the i land at 'j: 53 a. m. Augu t 30, dl mantling in tru­
m nt in Kona. Hilo. and at Kilauea. indicating di tance
of origin 15 mile from Kilauea and 35 miles from Hilo.
It wa feIt as a light and prolonged tremor near Kilauea,
and more trongly in Hilo. Olaa. and Kona. The facts
'uggest an origin under th northern part of Mauna Loa,
and thl i' confirmed by th verti al component eismo­
graph which indicate an origin northwe t of the Kilauea
Observatory.

The average tilt for th week was moderate to the
and microseismic motion was slight.

Profile of north slope of Usu Volcano in Japan where during a single eruption the
block shown was lifted 500 feet and the whole mountain was affected by elevation

and tilting. After Ouinoue.
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Tilt diagram, Hawaiian Volcano Observatory, for 1927. On the scale in

seconds shown, the line beginning January 1 in the northeast corner indi­
cates daily amounts and directions of changes of a plumb line for the year,

with tilting to the southwest in pring and to the northeast in autumn, The
data are caculated from seismograph records. The bend northwest July 8

corresponds to an outbreak of Halemaumau the previous day. Arrows indi

cate directions of Mauna Loa and Kilauea from the Observatory.· Compar.

ing January 1 and December 31, net change for the year was four seconds
south.
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Figure 1. Looking north along the west-facin1

fault cliff, north of Ka Lae, Hawaii. In the main

cliff may be seen the edges of many lava flows.

The top of the lava cliff is backed by a gently­
sloping terrace, back of which Is a low cliff cut
in loess. Back of the loess cliff is gently rolling

loess grassland. In the distance, at the left, is

down-faulted western block. Photo H. S. Palmer.

LOESS AT KA LAE, HAWAII

Ka Lae. the outhermo t point of the Island of Hawaii,
may be reached by leaving the main highway about four
mile we t of ""aio inu, and driving outhward about twelve
miles over secondary road. One fir toes through the
Kamaoa homesteads and then acros open, strongly wind­
swept grasslands to the Lighthouse Re ervation at the
extreme tip of he island. Ka Lae is bounded on the west
by a west-facing fault cliff which, though low at the south
end, increa es in height inland to 500 feet or more (figure
1). The fault cliff extends inland at lea t ten miles from
Ka Lae and is aid by Ii herm n to extend aiso ome di ­
tance southward under the a. The block west of the
fault ha sunk and has thus [ol'med a depre sian into and
along which lava 1I0ws have poured on several occa ion
within historic tim The blo k east of the cliff, in con­
tra t, ha bean freer of lava flows in recent time becau e
of it grea ..r elevation. It coa tllne run northea tward
from Ka Lae and ha been built out into the ea by pre­
hi toric lava fiow

The block ea t of the fault clilT i entirely covered by
variable thicknes es of a fin grained. yellow-brown ma­
terial. In ome places this ha been drifted into and dun~

ridges which parallel the dire tion of the prevailing trade
wind ( e figure 2). Along the top of the big fault clilT
thi upper fine grained deposit ha been cut back lightly
from the edge. This forms a mall econdary cliff in which
different layers of the upper material are expo ed.

At many places there are small lenses of coaly or
carbonaceous material at horizons in the little cliff which
are below the present surfa e. Each coaly lens represents
an accumulation of vegetable matter in a chance depres·

ion in what formerly 'IVa the land urface, but which ha
ince been buried by new layers of ill. For the mo t

part, nothing can b made out as to the nature of the
plants that supplied the veg table matter, but one block
wa found bearing the clear impre ion of a dicotyledon­
au leaf. The pre ence of the leaf print, as well a the
presence of the coaly len . proves that the lin -grained
material ha been carried in in some way, and that it is
not a re idual soil formed by the weathering of the lava
in pia e. Moreover, the tin -grained material rests on
rather fre h lava rock and does not show the transition
from surface oil to fresh rock, through various degrees
of weathering, that residual oils show. Since wind is the
only tran porting agent that can be conceived of a
having operated here, the material i properly cia sified
aloe ,a term that wa originally applied in G rmallY to
fine-grained wind depo ited ediment.

For ome miles ea t of the Lighthouse Reservation at
Ka Lae, the actual hare line is of lava rock, largely pa­
hoehoe lava. It is expo ed a a rather uneven rock terrace,
in plac ubmerged aud In place making a clilTlet two
or three feet high along the water' edge. The terrace
ri e inland to height of four to six feet above ea level,
and is from ten to a hundred feet wide. Back of the lava
terrace i a single or compound loe cliff. In the few
places where it is a ingle cliff it i In general about Ix
feet high. Where it i a double cliff, the lower cliff is
about fOllr feet high and expose a l' d-brown loe s. The
upper cliff is four to eight feet back of the top of the
lower clilT and i ahout two feet high. It is compo ed of
yellow·brown loe . In pIa e there are low dune ridges of
and a hort way back of the top of the upp r cliff and

re ting on the finer-grained, yellow·brown loess (see figure
3).

The upper cliff is prot cted at its upper part by a gootl
turf, the roots of which effectively bind the top few Inches
of loess and greatly retard its era Ion. The lower part of
the loe is not thu bound and therefore Is readily cut
away by windblown and. Thus the turf layer is lowly
undermined and Is forced to collap e by the removal of Its
upport.

In many place the red·brown loess cliff i double
Instead of single. The top of the lower red-brown lilT
seem to be due to the lightly greater re i tance to
era ion offered by the remain of an old turf layer ( e
figure 3).

The ability of the lower or red-brown loe to re i t
ero ion pre ented a dllTer nt problem. for it lacks the
protective network of root , except at the one horizon
mentioned in the preceding paragraph. Samples weI'
taken near the top and near the ba e of the yellow-brown
layer, and near the top, n ar the middle, and n ar the
base of the red-brown layer. The ample were numbered
from 1 to 5, in the order jll t named. Fair-sized portions
of each were weighed and then dried to constant weight
at 10 0 C., to determine the amount of moisture they con­
tained. Smaller portions of each were then weighed out
and leached with a fairly large volume of distilled water
to extract the soluble salts. The extract was then analyzed
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Moisture and Salt Contents of Loess Samples from Ka Lae

Figure 2. Low, grass-bound sand dunes, between
and around which the road wanders, about five

miles north of Ka Lae. Photo H. S. Palmer.

for chlorine. and the equivalent alt content of the original
sample calculated. The results of the e determination
are given in the following table.

a pavement of wave-round d bowlder. That they got
her through the aclivity of human beings i hown 1)

by their rather regular arrangement. (2) by the fact that
the pavement con ist of only one layer of bowlder, and
131 by the fittinlr of coral fragment. into the chink be­
tween the lava bowlder. Al1 of the e feature are charac­
teri tic of the platform made by the Hawaiian 0 often
along the hore for u e in ceremonie in connection with
11 hing operation. "'ave would not elect bowlder of
uch uniformity of ize; they would not select coral for

chinking; and they would not make a uniform layer only
ne bowlder deep. learly the platform I man-made, yet

it I overlain by loe' , so part at least of the loe ha
been made ince the platform wa made and therefore ince
human occupation of Hawaii.

The horizon of the bowlder pavement or platform is
traceable as a somewhat pebbly and shel1y layer for about
a hundred feet. The pebbles and shel1s may well have
been scattered by the persons who made and used the
platform. If so, it is a sort of fossil kitchen midden.

It happens that the bowlder pavement lies between the
yel1ow-brown and the red-brown horizons of loess. This
may be purely accidental, but it may be that the coarse
layer breaks up the capillary channels so that the redden­
Ing and cementing actions are stopped at their level.

The fact that the loe s cliff Is within ten to a hundred
feet of the water' edge suggests that it is a wave-cut

liff. However, on Jul)' 12, 1930, there was a place at
which ome initial had been cut in the red-brown loe s
cliff. The date wa illegible a It had been cut away by
a little vertical groove due to run-off from above. At
other places the cliff wa imilarly grooved. It appear,
then. that wave are doing I s at such places than i run­
off. One might expect the energy of torm wave to be
di Ipated largely in cro sing the lava rock terrace. In
ordinary weather waves do not come near the cliff, even
at high tide. Where the lava bench is narrowe t ( ee
figure 3) the loes is being cut back by storm waves, it
would seem, and makes a ingle cliff in both the red-brown
and yel1ow-brown loe slayers.

Outcrops of the loess on top of lava rock are con­
tinuous along almost all of the shoreline from Ka Lae
northeastward to Kaalualu. Puu 0 Mahana, three miles
northea t of Ka Lae, is a tuff cone, the seaward part of
which has been cu away by waves. Loess make a rather
deep mantle on it lower windward lope, but seems not
to have lodged readily on It upper windward slope nor
on its leeward slopes. Wh ther any loess underlies the
tuff is not known.

About a mile and a half northeast of Ka Lae there i
a young flow of aa lava, which divided a mile or so inland
and reached the shore a two flow , leaVing a kipuka in
b tween. "Cnderneath the outhwestern of the two arm
there i ome loe ,the preci e relation hip of which were
not a certained. Thi loe i believed al 0 to underlie
the northeastern arm of the aa 1I0w. Much fuller ob erva­
tions were made on a similar occurrence of loe beneath
another young lava flow about half a mile southeast of
Kaalualu.

On the we t ide of Palahaa Bay. the smal1 bay iu t
we t of Kaalualu Bay, the shore line i cut for some
di tance in a pahoehoe 1I0\\' which has the usual ome­
what irregular upper sUI·fac. On this pahoehoe flow lies
a bed of loess with a smooth wind-made upper surface.
Since the lower surface of the loess follows the irregulari­
tie o[ the upper surface of the pahoehoe 1I0w, the thick-

Per cent P rent
wat r lost salt (:->a I)
at 10 0 C. in sampl

4.64 0.79
13.72 1.26
24.40 5.31
22.36 5.46
21.62 2.16

It is clear that the red-brown loes much moi tel'
than the yellow-brown loe . Except [ r its ba al portion.
it I al 0 saltier Ulan the yellow brown. The conclusion
seems inevitable that salt water i carried up by capillary
action into the red-brown zon. The upper limit of capil­
lary rise appears to be the top of the red-brown loe s.
There appears to have been some reaction of the salt
which has oxidized the iron of the 10 ss so that the red­
brown color has developed. The nature of the reaction
is not known, but is presumably Ilke the proverbially bad
rusting of iron by salt spray. The new iron compounds
thus formed seem to ement the red-brown loe s a little
and thus to give it some resistance to ero ion.

Reference to the table wlll how one incon i tency in
the preceding discussion, for the ba e of the red-brown
loes is Ie s than half as salty. though almost a mUlst,
a the middle and top part. One might expect the ba e
to be the saltiest and moi test as it i nearest to the

urce of supply of salt water. A rea ouable explanation
of the great I' saltine above i that, a capillary action
rai e water and it di oh-ed alt, sub oil evapOration
remove the water and leave the alt behind. Thu there
i a progre ive accumulation of salt to such depth a
evaporation can reach. In the lowe t layer exaporation i
virtually inoperative and no such concentration of alt has
taken place.

The slightly greater moi ture content of the middle
and top a compared with the ba e of the red-brown loess
j p rhaps due to ome retention of water by the hygro ­
copic action of the salts.

The accumulation of the 10 s has taken place in part
since the occupation of the Hawaiian Islands by human
heings. At one place, a hundred feet or so east of the
Lighthouse Reservation. there Is exposed in the loe s cliff

'amplE.'
number Position of sampl",

1 Top of yellow-brown loe
2 Ba e of yellow-brown loe
3 Top of red-brown loe
4 fiddle of red-brown loe
5 Ba e of red-brown loe
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Figure 3
The ridge forming the sky-line is a sand dune
ridge, resting on the yellow-brown loess, which
extends down to the level of the man's belt. The
separation of the loess horizons is lost in the
shadow behind the man. At the left of the pic­
ture the uppermost clifflet is in yellow-brown
loess, below which are two clifflets in red-brown
loess. The lowest clifflet is in front of a broad
bench and leads down to the terrace cut on pa­
hoehoe lava. Quiet pools of sea water occupy de­
pressions in the pahoehoe terrace. At the right,
coral fragments and shells have been piled

against the loess cliff. Photo H. A. Powers.

ness of the loess varies from eight to ten feet. The loess
bed and the underlying pahoehoe curve downward in both
directions till they are hidden beneath heap of boulders
at the foot of the cliff. This loess is older than most of
the loess along the Ka Lae-Kaalualu shoreline. At a
typical point its red-brown, lowest zone is about two feet
thick and reaches an elevation of about seven feet above
sea level. It is overlain by about six feet of loess which
shades upward from darker to lighter yellow-brown. The
topmost six-inch layer of the loess is very dark gray, in
fact nearly black, in color because the vegetable matter
that it once contained has been charred or carbonized by
the heat of the pahoehoe lava that flooded over it.

Immediately overlying the loess is a pahoehoe flow
about three feet thick; on this there is an aa flow, also
abou three feet thick; and at the surface there i about
two feet of loess which is continuous with the layer of
loess tbat is so extensive. Perhaps the two lava flows are
of approximately the same age as the artificial bowlder
pavement at Ka Lae for the thicknesses of both the over­
lying and the underlying loess deposits are about the same
at both places.

The lower loess deposit is much weaker than the over­
lying pahoehoe flow and has therefore been cut back
fa'rther so that for a distance of about a hundred feet the
pahoehoe overhangs as a ledge with an average width of
two and half or three feet. Thus between 250 and 300
square feet are exposed, which give some clues as to the
nature of the older loe's at the time that the pahoehoe
lava flooded over it. A rather cursory examination revealed
over 30 molds of trunks and limbs of trees. Half a dozen
of the molds are vertical and represent growths which the
pahoehoe surrounded but did not destroy. The largest of
these erect molds has an elliptical cross-section which is
10 by 12 inches at a level 12 inches above the former

ground level. The tree that made the mold had a gently
fluted trunk. The other erect molds are from one to four
inches in diameter. The erect molds extend through the
three feet of pahoehoe but are capped by the overlying aa.
They imply, without doubt, the existence of half a dozen
trees or saplings in the 250 or 300 square feet.

Prostrate molds greatly outnumber the erect molds,
and represent either dead wood that was lying on the
ground or stems and trunks that were knocked over by the
advancing lava. They range in diameter from one to
three inches. One prostrate mold is two inches in diameter
and five and a half feet long. Since some of the prostrate
molds may well be the relics of trees that were alive until
they were pushed over by the advancing lava it seems
probable that the 250 or 300 square feet bore more than
the half dozen that are definitely implied by the erect
molds. There must, therefore, have been a fairly thick
cover of trees at this place. This conclusion is supported
by the presence of much charred vegetable matter in the
black loess immediately underlying, far more than could
be produced by the charring of the turf that now grows in
this region.

We can reconstruct the following events in the history
of this small area southwest of Kaalualu. Soon after the
eruption of the lower pahoehoe flow volcanic activity
ceased temporarily and was succeeded by wind work which
brought in 8 to 10 feet of loess. The loe s formed a fertile
soil in which a fair growth of trees took root. The climate
must have been somewhat moister than it now is to permit
the growth of good-sized trees. Short-lived volcanic ac­
tivity followed, and made two thin lava flows, the first
of pahoehoe and the second of aa. Since then there has
been no volcanic activity at this particular place, and
winds have brought in two feet more of loess which sup­
ports a fair growth of turf-making grass. At present, wind
is adding slowly to the upper surface of the loess, and is
also, with the help of waves, exposing the edges of the
various rock layers as a low cliff.

I am indebted to Dr. Howard A Powers, of the Hawaii­
an Volcano Observatory, for much help in the field study
on which this paper is based. It is in fact a question
where he or I should have written it.

Harold S Palmer.

KILAUEA REPORT No. 1024

WEEK ENDING SEPTEMBER 6, 1931

Section of Volcanology, U. S. Geological Survey

T. A. Jaggar, Volcanologist in Charge

Halemaumau pit continues to remain quiet with about
a dozen stained spots on the floor of 1930, one of these yel­
low with sulphur showing very slight bluish fume. Older
spots are whitish and dead ones are brown. After rain vapor
mixes with the fume and very light vapor appears at the
south talus. Measurement of rim cracks August 31 showed
no widening.

Three tremors at the pit seismograph about September
5 indicated slight tilt away from the pit. The Observatory
seismographs on the northeast rim of Kilauea Crater
registered 37 tremors, of which one was accompanied with
east tilt and another lasted two minutes. Five very feeble
local seisms were registered, of which three indicated
origin only four miles away. Average tilting of the ground
was slight SW, and microseismic motion was slight.
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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.

~I mbership in th Hawaiian Vokano Research As ociation is
limited to patrons of Pacific science who desire personally to
aid in upporting the work.

The work of volcano rest-arch so supported is in collaboration
with the work of the United Stat Geological Survey, but sup­
plements it with buildings. research fellows, instrumental plants,
explorations and sp 'ial 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 Frank C. Atherton and Walter
F. Dillingham, Vice-Presidents; L. Tenney Peck, Treasurer;
Wade 'Varren Thayer, Arthur L. Dean, and Richard A. Cooke.

P rsons desiring application blanks for membership ($5.00 or
more) should address th 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, by the ~a­

wailan Volcano Research Association, on behalf of the sectIOn
of volcanology, U. S. Geological Survey. It promotes experi­
mental recording of earth processes.

Readers are requestecl to send articles, photographs, publi<:a­
t10ns and clippings about volcano :;tnd earthquake even.t~, 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 Survey.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter Is not copyrighted. Editors please credit.
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Newly acquired Engineering Building of the Hawaiian Volcano Observatory, stand·
ing back in the forest east of the Volcano House garage. Photo Maehara.

VOLCANOLOGIC OPERATIONS OF THE U. S. GEOLOG·
ICAL SURVEY AND THE HAWAIIAN VOLCANO

RESEARCH ASSOCIATION, 193()"1931

The Geological Survey covel' stations at Hawaii,
Lassen, Kodiak, and Dutch Harbor; the Research Associa­
tion supplements the work at Kilauea with stations at
Kona and Hilo. The eruption at Kilauea November 19 to
December 7, 1930 added 70 f et of lava to the bottom of
Halemaumau. Such eruption have averaged one a year
at Kilauea for six year. The flow from Mauna Loa in
1926 and the earthquake pa m of Hualalai in 1929 ad to
the evidence that the Hawaiian volcanic y tern i fully
alive. :\Iauna Loa In the twentieth century has had an
outbreak once in four year. 0 that there i rea on to b
PI' pared for live lava in Hawaii within the next year.

La' en 'tation report decllnlng tilt and earthquake...
In the Aleutian belt Pavlof, Aniakchak. and Tulik ha\'e
been I' ported active. The 'ir um·Pa Hie region ha pro­
duced di a trou earthquak at. 'apier, Oaxaca, .1anagua.
and in the Izu Penin ula near Yokohama. and volcani
di turbance in northwest rn AI' entina. not far from th
outh Chile volcanoe Inve. tigat d by the Re earch Asso­

ciation through Dr. John B. tone. All the disa tel' men·
tioned are close to active volcanoes.

Growth of the Section of olcanology leads to division
in ubsections as follows, with T. A. Jaggar directing th
work, the Kilanea laboratori of the Hawaiian Volcano
Research Association serving as headquarters, and a some­
what increased staff appearing in 1931-32:

Volcanology of Hawaii

T. A. Jaggar, Volcanologi t In harge
Observation of volcano s
Designing and building instruments
Preparation of publication
Administration

Seismology of Hawaii

E. G. Wingate. Associate Topographic Engineer, in Charg
orrelatlon of levellng and tilt

Drafting and research in map of crater
R cording Hilo tide data

pecial in,e tigation of Mauna Loa
pe ial topographic mapping wherever required

Seismologic routine

A. E. Jone ,A i'tant i mologi t, in Char
Operation of ei. mograph
::\lea urement of ei. mogram
Preparation of arthquake bulletin

Volcanologic Surveys of Hawaii

H. A. Power, A istant ,eologi t in Charge
Field mapping of lava and a h formations
Petrologic tudy of p clm nil and analy es

Volcanology of Northwestern United States and Alaska

R. H. Finch, As ociate Vol -anologi t in harge
Operation of La sen Volcano Observatory
Operation of Alaska tations
Investigation of northwesteJ'll volcanoes
Installation of new sel. mometl'ic stations
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Bosch-Omori seismograph rebuilt at the Hawaiian Volcano Observatory with high­

speed drum, damping tanks, both arms writing on a single smoked paper, and pen

tips lifted by an electromagnet for marking minutes. This instrument has been

most satisfactory for many years for registering tilt and local earthquakes in the

cellar at Kilauea, and the records of this machine are the basis for new studies, of

tilt, and depth and distances of earthquake origins. Photo Maehara

The Volcanologist has given a course in Volcanology
at the summer sessions of the University of Hawaii for
three years past, many of the students being teachers in
schools in Hawaii. These persons will be nseful volunteer
seismologic observers. The Volcanologist represented the
Geological Survey on the Naval Eclipse Expedition and
studied the volcano Niuafoou in the autumn of 1930, leav­
ing a shock-recorder there and supplying another to the
Dominion Astronomer of New Zealand, Dr. C. E. Adams.

Messrs. Wingate and Jones joined the staff in July
and September 1931. Dr. Powers has studied the shore
line changes with Dr. Palmer, has mapped soils and loose
deposits all over the island Hawaii, but especially in Kona
In collaboration with Mr. J. C. Ripperton of the U. S.
Agricultural Experiment Station, and has mapped in detail
the lava flows and volcanic ash of the west slopes of
Hualalai and Mauna Loa. As a petrologist he is studying
these materials microscopically. This work of a geologist
has in view extending our knowledge of the structure of
Hawaii. (See Geology and Water Resources of Kau Dis­
trict, by Stearns, Clark and Meinzer, Water-supply Paper
616, 1930, U. S. G. S., and also Products and Structure of
Kilauea, by J. B. Stone, Bishop Museum Bull. 33, 1926,
Honolulu.)

The remaining members of the staff of the Hawaiian
station are: R. B. Hodges, clerk and disbursing agent;
Tai On Au, mechanic; H. Yasunaka. janitor; and M. F.
Lacerdo, tide gauge operator at Hilo. R. V. Woods and J. B.
Albert operate the seismographs at Kealakekua and Hilo.

Associate Volcanologi t Finch operates three seismo­
graph stations near Lassen and with assistants studies the
hot vents and the geology of old lava flows in northern
California. The instrument at Mineral is operated through­
out the year; those at Viola and Mount Harkness are dis­
continued in winter. Mr. Finch has spent the summer of
1931 inspecting the Aleutian seismograph stations, and
making an exploration of Akntan Volcano and its hot
crater. He left Kodiak for Seattle on September 6.

The study of local tilting of the ground in Hawaii, as
correlated with faults, with earthquakes, and with volcanic
centers of tumescence, has justified more men and instru­
ments. One of the interesting developments has been the
regi tration of "tilt earthquakes." These are seismograms
of local earthquakes showing at several different instru­
ments, not all at the same place, that the ground has tilted
and offset the pens in the same direction, at the moment
when the local shock occurred. ln other words the creak­
ing action of the motion of the fault block has been accom­
panied by a slight tipping. The direction of this tipping
is a discovery of prime importance, and the coordination of
many such tippings at the same place, occurring simul­
taneously with earthquakes, indicates the manner of action
of the net tilt for a given period. It is obvious that to
discover the geographic boundary of such tilting, dis­
tributed instruments are necessary, and these instruments
should be simplified as much as possible so as to show
graphically without computation the direction of the tilt,
as well as its angular amount.
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'YUh thi in view. an ob~erYation made sev.eral y ar
ago with a small plumb lin to which a vertical lever wa
attached wa utilized in the, pring of 1931 a ba L for on·

truction of a new tiltometer. The in ·trument \Va at fir·t
pluc'ed in a shallow w II in concrete in the eismograph
cellar of the Ob ervatory. the d \'i e con i ting of a heavy
rna' hung \'ertically on piano wir .• with a magnifying
boom ri iug \'ertically from the center of the rna 0

• uspended and counterpoi d that the fainte t deviation of
the rna a a plumb bob would be highly magnified at
a pointel' moving in a horizontal plane at the upper end
of the ytem. Thi pointer is fr e to mo\'e in all directions
in accordance with the absolut direction of tilt which di .
turb the heavy rna 5 as a plumb bob, and the lineal'
amount of its motion radially from it adjusted center i
a mea ure of the angle of lilt.

Another line of experimental investigation which was
set in motion in January 1931 promis s much for the loca­
tion of earthquake centers. The determination of depth
of origin for local earthquak s on the Island of Hawaii has
puzzled us for many years. fatllematical methods of
determining depth of origin for more distant or stronger
arthquakes are in vogue in alifornia and Japan. depend­

ent on xact time-keeping. mori used a simple method
of determining di tance by the preliminary tremor at
e\-eral tation. and figuring th depth of centrum by the

0\' rlap of the e distanc beyond their point of inter·
.e tion on a map. In oth I' word -. if the di tance indio
cated are graater than their meetin point in plan. the
origin i not in the horizontal plane. but i below the hori­
zontal plane by the amount in which the di tance are
exce ive. The determination of the meeting point of
the,e line underground, and the depth of that point below

th local topography. is 80m what troublesome where a
large number of earthquakes have to be in\'e tigated. The
method, howeYer. i good wh n th formulae for determin·
ing di tance by the preliminal'y tr mol' ha\'e been checked
for a gi\'en terrain.

In order to determine the depth of origin graphi ally
by thi method in Hawaii. a model wa built howing the
i.land a a hollow shell, a. thou~h the topography were
..een from below. (ee cut Page Three.) On thi hell
the . veral ei mograph .. tation. are accurately located
and threads are carried through hole at the~e tation
to weight hanging below. The e everal thread are
drawn together at one point on an adju table carrier whi h
may be moved around until the lengths of the thread
corre pond to the centrum di ·tanre for a given earth­
quake indicated by the sev ral eismographs. The thr ad
are marked in miles to th srale of the model. A rod
similarly marked may thus be placed against the meeting
points of the threads, and thifl indicates vertically the
depth of a given earthquake enter. and the position of th
epicenter. after the . traight threads have been adjusted
for any e:i\'en earthquak. Thu the shell model (up id
down) graphically exhibits th hollow space inside the
i land on a table, and th thr ad. may be quickly adju ted
to eXllibit the point in pa corre ponding to the earth·
quake center. and their angle of emergence at the model

bould corre pond to th ane:l of emergence of the earth­
quake wave. Te t with thi. model will how at once
whether the everal computed di lance meet at a point
or not. and 0 erve to h k the theory of di tance a
applied to the preliminary tremor. Al a the azimuth of
the graphically determin d enter from each tation may
b checked again t the th oreti al azimuth determined

The inverse contour model of Hawaii, perforated to receive weighted threads at the
spots marking seismograph stations The scriber shown has the three threads drawn
together. By moving this junction point around until the three distances on the
threads, on the scale of the model. correspond with the three distances to origin
indicated by three selmograms for the same earthquake, the location of the centrum
is determined graphically as though the observer were under the island. A brass
scale rod as shown then determines the epicenter and the depth. The horizontal and

vertical scales are identical in the model. Photo Maehara.
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seismometrically. The preliminary trials of tllis graphic
method for the arne earthquake a regi tered in Kona,
at Kilauea, and at Hilo have yielded promising results.

The third activity in our shops by way of seismometric
experimentation has been the renewal of construction of
Ilhock·recorders as reported in 1929 in connection with the
campaign of the Scientific American for enlisting amateurs
in sei mology, and in connection with assisting New Zea­
land in her earthquake difficulties. This last cooperation
was given added zest by the terrible disaster at Tapier in
February 1931. after which the minister for scientific re­
search, Dr. Marsden, of the New Zealand government,
telegraphed to me asking for shock·recorders of my de­
sign. Through the Hawaiian Volcano Research Associa­
tion, which furni hed the materials, I at once set about
new tests of an improved shock-recorder which registered
several local earthquakes in our basement. The Research
Association will supply the New Zealand government with
eight of these instruments, and incidentally the Hawaiian
Volcano Observatory will profit by this investigation, which
is along the lines of what I did with similar instruments
at Niuafoou in the South Seas on the Eclipse Expedition
of 1930. Both in Alaska and in Hawaii it is becoming
inceasingly evident that we need distribution of simple
instruments, and in Hawaii there is a new demand through
the school teachers who are distributed here, who have
taken my course in Volcanology during three summers at
the University of Hawaii.

The Research Association has added to the buildings
of the Volcano Observatory the house shown on Page One,
to be used for offices of the engineer and geologist. With
this there is water supply and a garage. In addition a
garage and carpenter shop have been rebuilt near the main
observatory building.

A publication of interest to students of volcanology is
Bnlletin No. 77 of the National Research Council, "Physics
of the Earth: I, Volcanology," Washington, 1931, by Day,
Sapper, Friedlaender, and Jaggar. Dr. Day writes the
Introduction; Dr. Sapper, "Volcanoes, their activity and

their cau es," covering the geographical aspects of the
science particularly; Dr. Friedlaender, "The Present Con­
dition and the future of Volcanology," reviews mE'thods
and theories; and Dr. Jaggar, "The mechani'm of vol­
canoes," discusses experimental work, gas mechanism, and
the relation of earthquakes to volcanic magma. There are
long lists of references. T.A.J.

KILAUEA REPORT No. 1025

WEEK E TDI~G SEPTEMBER 13, 1931

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

The bottom of Halemaumau pit shows nothing remark­
able. Fume continues to emerge at a spot west of the
1930 lava pool. Vapor rises at the north end of the sonth
talns and at the south wall above the floor. Dust rose
from the pit at 9: 20 a. m. September 7. The bottom fume
smelled of sulphur at the southeast rim September On
this day new points were located at the rim cracks and an
improved caliper was applied to these cracks. This work
is in charge of E. G. vVingate, who has recently located
datum stations near the pit for triangulation and leveling.

At the Ob ervatory instruments 54 tremors were
regi tered, but some of these may be occasioned by blast­
ing by the road workers. One distant earthquake weakly
recorded began at 10: 18 a. m. September 9. One feeble
local seism occurred at 5: 19 p. m. September 12, was felt
locally, and came from an origin close at hand. A very
feeble shock was felt at 10: 29 a. m. September 12. Four
other very feeble seisms were registered, several showing
easterly tilt, and two indicating origins very near. On
September 7 nine tremors at the Halemaumau seismograph
occurred in close succession, all indicating inward tilt
toward the pit.

Tilt for the week at the Observatory Wl1il slight E,
and microseismic motion was slight.
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mol' ) should address the SecretaQ·. Hawaiian Volcano Research
Assoeiation, 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, by the Ha­
waiian Volcano Research Association, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes exp ri­
mental recording of arth processes.

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

Subcriptlon for non-members two dollars per year of 52 nUm­
ber.. 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 copyrighterl. Editors please credit.



'I'he Volcano Letter
Two dollars per year

No. 352-Weekly Hawaiian Volcano Observatory, National Park, Hawaii

Ten cents per copy

September 24, 1931

A camp in the Aleutian lands showing country quite simi'ar to Akutan. (Captain Harbor, Nat!. Geog. Exped. 1928)

ALEUTIAN EXPLORATION 1931

The increase in work permitted to the Section of Vol­
canology of the U. S. Geological Survey by Act of Con~ress

in 1931, as shown in the organization outlined in Volcano
Letter 1\'0. a51, is based in part on recognition of the
importance of the Alaskan Peninsula and the Aleutian
Islands. These are es entially a long interrupted line of
volcanoes, many of them active, adjacent to the great
Aleutian Deep where many major earthquakes occur. This
is an extension of the series of Japanese and Kamchatkan
volcanic arcs, and offers a most fruitful field of study, in
which at present it is possible to do only the barest pre­
liminary work, but thi work hould be done as a founda­
tion for more systematic and detailed investigations in the
future.

The La sen Observatory will expand its work in the
volcano areas of California and Oregon, and during each
summer, field work is provided for, on one of the volcanoes
of Alaska, combined with inspection of seismograph sta­
tions at Kodiak and Dutch Harbor. The volcano 011

Akutan Island was selected for exploration this year and
Mr. R. H. Finch did the work, taking with him as guide
and packer John Gardner of False Pass.

Akutan is the volcano, like Stromboli, which is often
seen smoking by mal'iners, on the left of Unimak Pass as
the ships for 'ome pass through to Bering Sea. It is not
far from the middle of the Aleutian arc, counting Iliamna
as the easternmost volcano far up the Peninsula. The peaks
of Akutan are 3170 and 4100 feet high. The island is 17
nautical miles long, and it lies next TE of Unalaska Island.
As a volcano it is relatively accessible as compared with
great snowy peaks like Shishaldin, it is close by Dutch
Harbor, it possesses a village, a harbor and a whaling
station, and close at hand is the hot sulphurous deposit
of Akun Island. It is just north of the 54th parallel and
in longitude 166 0 west.

Mr. Finch took the steamer "Catherine D.," thanks to
the courte. y of the Pacific American Fisheries of Belling­
ham, leaving that port July 1, 1931. Arrived at King Cove,
the seat of one of their salmon canneries, near the west
end of Alaskan Peninsula, he embarked on the mail steamer
"Starr" July 16, Gardner joined him at False Pass, and
the two disembarked at Akutan July 17. Two ascents were
made to the summit crater, and on the second the party
was caught in a fo~ cloud, which is a serious matter in
these mountains.

The ascent of July 24 proved very interesting and Mr.
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Finch secured some good photographs. The crater is orne
two miles in diameter with a cone about 600 feet high near
the center. "The cone is Quite uniformly hot, though but
little team is escaping. The heat appears as a dry heat.
The outer crater contains a lake in the southwest side.
On one side of the lake there is ice, with small icebergs
breaking off occasionally, while the temperature of the
water on the other side averages 119° F., with small locali­
ties showing even higher temperatures, and there is boiling
action."

"One vent in the central cone is still open. Rumbling
was heard on August 11. Very recent lava flows occur in
the crater."

Finch reports that he secured the services of Alec Mc­
Glassan, a resident of Auktan, to act as additional packer
for a trip around the island on foot during the first week
in August. Many photographs were obtained and most of
the island was sketched topographically. A Jaggar shock­
recorder was operated for ten days on Akutan, but on
July 29 no earthquakes had been recorded so far.

Finch sailed on the "Starr" for Unalaska August 10th,
in pected and overhauled the needs of the seismograph at
Dutch Harbor, operated at the Naval Radio Station, then
returned to Akutan on the "Victoria" August 16th. This
gave him two days more to finish operations on Akutan,
which island he left for the trip back to Kodiak on the
"Starr" August 18th. He remained at Kodiak overhauling
the seismograph there, in charge of Mrs. M. V. Watkinson,
until September 5, when he sailed for Seattle on the
Admiral Line steamer. His full report on the mapping of
Akutan and the seismological work, with photographic
illustrations, will be awaited with interest. T.A.J.

IMPROVED JAGGAR SHOCK-RECORDER

The photograph on Page Four shows a new form of
the shock·recorder described first in the Scientific Amer­
ican, November, 1929. The original machine was set up
horizontally, as though le(t side of picture were the bot­
tom, a 10-pound lead cylinder being cast about two flat
blades clamped in a vertical plane. This made a sensitive
small horizontal pendulum hung like a door, with the
blades as hinge, and a boom extending out from the
weight has a brass pen pivotted at its outer end resting
on a smoked cardboard disc. A common clock movement
rotates the disc and moves itself along slowly so that a
day's registration is like a gramophone record. The disc
is changed every day. and fixed with shellac. The disc
itself is a timepiece for subdivision into minutes.

This machine was of great service counting the hun·
dreds of earthquakes that occurred near Hualalai in 1929.
It was tested in the South Seas in 1930 and some models
like it have been made in New Zealand. In Niuafoou I
set up two complete weighted arms and clockworks at
right angles to each other on the concrete floor of a ware­
house. As each box was three feet long, this took much
space. The object was to record separately east-west and
north-south earthquake motion_ There was also recorded
the motion of rats, kittens, chickens, cockroaches and
spiders, and these were not planned for. The apparatus
must therefore be housed in a tight case, and tending such
an extensive machine each day on the floor is laborious.
Horizontal surfaces of the smoked cards are hard to
examine and are tempting to insects.

An improvement in the machine, with the principle of

action but slightly changed, i shown in the cuts. The
cylindrical mass has it two flat hinge blades clamped
horizontally below, the boom protrudes upward, and the
recording disc is in a vertical plane like an ordinary clock.
The pivotted pen on the top of the boom is arcuate and
long, and may be tipped over against the smoked card at
about 45 degrees to the disc urface. The blade are tiff
enough to give the system a fl'ee period of nearly one
second with only about one eigllth inch of spring blades
exposed between the lead cylinder and the clamps. At
this period the inverted pendulum is stable and upright.
If the exposed part of blades is shortened the period be­
comes shorter. This inverted pendulum system oscillates
only in the azimuth at right angles to the hinge line, which
was also true when the system was swung as a horizontal
pendulum.

The advantages of the new system are that the clock
can now 1'011 along on pulleys Oil a rubber-shod track in
the plane of the clock-work wheels. These pulleys are
attached to the spring barrels and given a diameter appro­
priate to the travel-speed desired. The center sleeve of
the disc plate slides on the minute-hand spindle, so that
the card makes one revolution per hour. The whole ap­
paratus is enclosed in an upright clock-case with glass
front (not shown) and screwed against the wall. The
boom is of balsa wood. The clock may be slid sideways
on its tracks so as to move the disc under or away from
the pen. "'hen disc is removed the clock is wound, a new
disc is smoked and screwed by a central button to the
plate, and is slid back to the starting position under the
pen. With a steel point the date and the time of starting
and stopping are marked on the smoke. The card is
smoked by twirling it over a smoking kerosene lamp until
it is an even brown. The rear suspension of the clock is
a free pulley on a second track. The pen and the top of
the boom may be seen at the right in the cut on Page
Three. A final advantage of this machine is that in the
cOl'ner of a room two complete shock·recorders may be set
up at right angles on the two walls, with their two dials
side by side. Obviously the handling of the discs is easy,
and almost no floor-space is required.

Several earthquakes have been registered and the
seismograms are good. It is necessary to choose a very
Quiet cellar wall, as the instrument is extremely sensitive
to the opening and closing of doors. T.A.J.

KILAUEA REPORT No. 1026

WEEK E DING SEPTEMBER 20, 1931

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

There are no essential changes in the bottom of
Halemaumau pit. There is a little fume on the floor and
vapor at the edges of the floor, and these increase in
visibility after rain. Measurement of the rim cracks shows
little change.

The seismographs at the Observatory registered 43
counted tremors, of which three were continuous, and one
of these spells lasted from 6: 33 to 7: 50 p. m. September
20. There were many smaller tremors September 18.

Two feeble earthquakes were felt at Kilauea at 4: 23
a m. September 18 and 6: 14 a. m. September 19. These
indicated origin distances of six and four miles from the
Observatory. The first was accompanied by tilt away from
the pit at Halemaumau. Neither was observed in Kona,
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and the indications uggested Kilauea origin. There wa
one very feeble quake eptember H. Tilt for the week
was sli hl NE, and micro 'eismic motion wa light.

TILTING OF THE GROUND FOR AUGUST

The following figure how the net amount of tilt by
week at the Db ervatory on the northea t rim of Kilauea

rater, and it direction, 'omputed from the daily eismo­
gram by platting a curve smoothed by o\-erlapping enm·
day averages. Thi is the depal·ture of the plumbline in
econd of arc, in the direction given.

August 3·9 1.3 seconds 'E
August 10·16 0.4 econd 1\'
August 17·23 1.4 seconds NNE
Augu·t 24·30 1.0 econd WSW

Seth Thomas clock on tracks with Jaggar shock·recorder boom and pen on right. A
card disc is affixed to the central spindle, and the pen falls over on its smoked sur·

face recording time and size of earthquakes. Photo Maehara.

Page Three
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New model Jaggar shock-recorder without case. Cyl indri­
cal weight below attached by flat springs to angle-iron
clamps on wall. Boom and pen rise from weight, to
write on revolving disc above. Clock and disc move along

slowly so as to write circle in circle like a gramophone.
An earth shock writes a zig-zag, and the clock disc times

the occurrence.
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Gorely Volcano seen smoking during its eruption January 1, 1931. View from Petro­
pavlovsk, 67 km. from the volcano. The summit of Gorely is behind the range, and the

conspicuous cone is Vilutchinsky, which is nearer. Photo I. Larin.

KAMCHATKA VOLCANOES IN 1931

Professor P. T. Novograblenof, Director of the Kam­
chatka Museum at Petropavlovsk, under date June 24,
1931, has kindly 'ent us the accompanying photographs and
a description of volcanic a tivitles in Kamchatka during
the winter and spring. This material is of great value as
hitherto the world of cien e has heard but rarely from this
great volcanic region. In Vol 'ano Letter .'0. 314 it was
noted that the Academ)' of cien es of U. . S. R. is doing
vol anological work in Kam 'hatka. AI 0 the eruption of
Gorely Volcano wa mentioned, la ling from eptember
1 29 to :\Iarch 1930 and covering much of outhern Kam­
chatka with a h. AI other wa activity of Kluchev kaya
and hivelu 'h in 1929 and 1 :30. An excellent acconnt of
tra\' I in Kamchatka, 1 20-22. with two valuable map and
numerou pho agraphic illu tration ha been publi hed in
German by ten Bergman ntit! d, 'Tolcanoe , Bear, and
'omad" Strecker and chroeder, tuttgart, 1926).

The active volcanoe of Kamchatka extend .'. "E- 'W
along the eastern side of th p nin ula, and near the middle
of the b It i Kluchev kaya in the mid t of a mighty group
of volcanoes rising to a hei~ht of 4. 61 meter. About 60
km. to the south lies Tolbachinsky Yo\cano. Petropavlov k,
the capital, with a population of something over a thou and
people, i on tbe north sid of a bay in tbe southeastern
part of the country, and aero s the bay from it to the south·
w at the southern end of Kamchatka is occupied by a b It
of great volcanoes, and this is prolonged farther south In

the arc of the Kurile Island. everal of these big cones
are in full view from Petropavlov k, the most conspicuous
bing the pure cone of Vilut hinsky Volcano shown in the
photographs. The white st am [rom Mutnovsky shown in
the photograph on Page Three is about 66 km. from Petro­
pavlovsk, where the pi tur was taken.

Tile following i an a count by Bergman of his visit
to Mutnov ky Volcano:

"On this day we reached an elevation of a thousand
m tel" on the volcano which i here urrounded by a lava
plateau which extend. a a shoulder around the gr ater
part of the .olcanic ma '. Her we were at the upp I'

limit of vegetation, where the la t crubby alder thicket
F;ay out. The crater of Mutuov ky lay on the other ide
of the cone. and we had now to follow thi houlder around
the mountain until we weI' immediately under the crater.

"Toward evening a m! han e that we had mo t feared
occurred: the weather which during the day had been
mi ty, cIa ed in den e and it b gan to rain. Impenetrabl
cloud veiled the entire mountain. 'We were in a wa te
of lava, where there wa no a sti k of wood, and where it
would not do to be overtaken by night. So we climbed
down through rain and fog to the upper limit of the bushe
and found after a long ar h a small thicket where we
su ceded in pitching our tent, and after much labor ignited
a fire. Since, however, our ilk portable tent was not
adapted for plateau rains, particularly where there was
no opportunity to draw the surfaces tight, we were soon
as wet as though we had been immersed in a lake with our
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clotbe on. In order to ive the drop of rain a little
hance to accumulate a po 'sible, we sat huddled together

surrounded by our sleeping bag and rain coats throughout
th nUre night. and had abundant time to repent u of our
in. I thought of my warm b d at home in weden, and

during the long hour of thi .Ieeple night had oppOr­
tunity to appreciate how Iittl we I' alize our ble ing.

" 'ot un il morning did the rain cea e, but the fog
till hung over the mountain, thou~h not 0 Iowa on the

pre eding day. We aw no hing of the volcano, but the
plateau houlder of lava wa fr e from cloud. 'We were
about an hour getting a fir to !wing 0 that with it help
and numerous cups of tea we acquired 'ome warmth insid
and out. We were not afraid of catching cold for we had
long since proved that we were quite immune to such
disease in that fine air fre from bacteria. If it were not
so it seems probable w would n vel' have gone home to
Sw den.

"After ridding our elves of our wet clothes and don­
ning from the pack ack som relatively dry one , we w r
l' ady for the march. The weather cleared and a fr sh
br eze prang up so tbat after some hours our outer cloth­
ing became perfectly dry,

"We had not proceede far b fore the fir t bear ap­
pared and I attempted to photo/!.'rapb him. He headed
trai/?:ht for u. Taking advantage of tbe unevenne of

the ground and crouching down. I 'ucceeded in getting
within 20 meter of him and made an expo ure ~dtb my
amera in one hand and th ritle in the other. A oon a

I napped the hutter the b ar aw me and made off. Abo,e
th bu he the now-bunting appeared. fluttering about
and. hovdng up harply and beautifully in contra t to the
black lava. Ve gave the day to tud'e of bird and en­
lar ed our acquaintan 'e wth them a com par d witb an­
other volcano previou ly visited. The birds of the two
volcanoes were trikingly alik .

"Just as on the previou vening we pitched our tent
in the uppermost alder bush s, but we had made good head·
way toward the crater afl I' thi day of trudging across th
treacherous lava waste. On th following mornng it was
still cloudy, but the volcano wa cl ar. We could have 110

question about the position of the crater, whence rOSe a
frightful column of smok. \Ve headed for the crater at
on e, wbich was about 500 meters above our camp ground
and 3 to 4 km. away. The un ame out during our climb
and showed us a completely new and magnificent land ­
cape, which had been hidd n from u during the da) of
fog and rain.

"The nearer we came to the crater the more noticeable
'a tbe mell of ulphur, 0 that finally breathing wa

difficult, and made u all ou h, including our little dog
Kuma. In places fume came out of cracks in the ground
which wa 0 porou that it emed a thoUgh we mil1:ht
break through and burrough underground like a and crab.
The extraordinary color of the ground varied from ulphur
yellow to deep red. At la t we tood on the rim of the

igantic crater, the moke of whicb we had so often een
from the window of our hou e in Petropavlovsk. The
.crater i not quite at the ummit of the volcano, 0 that
we could climb still farther and from above look down
obliquely at the colossal pectacle; a frightful cauldron of
boiling vapor. From this lava pinnacle we were able to
see still more: adjacent to the smoking crater there was a
still larger abyss wbere far below we saw a glacier and a
small waterfall. These w re several hundred meters down,
and the cliff above tbem was almost vertical. Then tbe

fo clo ed in on us and it wa with great difficulty that we
made our way back to the ,egetation line."

. II'. Eric Hulten. botan! t of the expedition. on another
trip after waiting for many da~' for cloud and rain to
cea e. ucceeding in reaching the crater with hi party and
in getting a hetter ,iew of .lutno, ky and its outlook. The
smoking crater lie on the w t rim of a large cauldron,
and the party followed a 'mall ridge on which tand a
number of knob. From the hil!:he t of the e the cloud
weI' een rolling in from the ea, and the ,olcanoe were
beginning to don their cloud ap.

"It wa a wild and wond rful panorama. 'ot Ie then
14 big volcanoe were in sight, from Schupanowa, ten mile
north fmm Petwpavlov k, down to Kambolnaja, the outh·

rnmo t volcano of Kam 'hatka. For a time the mOke
of the crater blew dir ctly 0\' I' u , and a fine du train
r II onsi ting of milky drop. whi h made small white
spots on our clothing, pre umably sulphur.

"A the wind veer d and the smoke went ill another
dir cUon we obtained a vi w that I shall never forget. It
was as though we were permitted a glimpse of the work·
shop of the gods, where gigantic forces are at work such
as hegan million and millions of years ago when the first
troke of creation fa -hion d I h earth. White jets of

5t am shot whistling and hlu·t ring out from hole in the
cliff, hot water ran down from the wall and melted it
way throuO'h a glacier whos 'harp-edged broken green and
cre\'a 'ed bbck of i e w re heap d too-ether in a jumhle
at th mouth of a huge anyon that led away from thi
Hell cauldron. In the mid:t of the ice two mighty t am
jet· aro. e, and through the crook d tunnels tha thad b n
mel ed ont of the ice on could ee the bedrock of th
mountain. Higher up the cauldron wall where it edge
-tood everal hundred m tel': above the glacier the younger
crat l' belched its moke upward. a though a thou.'and
locomotive were clu tel' d to ther opening their af ty
valve -and yet we knew that thi. wa but a weak imita­
tion of what Mutuov ky once wa .

"And how de crib the cliff, them elves? They had
not the common gray color of a mountain. but were painted
over in fantastic shade. \\. at on a minor cliff of bright
colors 'which gave plac b low to a terra cotta precipice,
and howed on the right a row of harp pointed gray-blue
pyramid which stood on an underpinning of white spotted
with baked dark carmin and indigo blue points. Beyond
th wall of the kettle was bright blue with big yellow ar a
of pur sulphur, which weI' bordered with green and
orang rings. All of this, along with the gray-white rifted
snow covering of the glacier, on which diamond shap d
small black pyramids weI' strewn, and also the sharp
gr en-blue ice pinnacles. left us with a memory never to
b forgotten. Bornachoff, one of our companion, who had
never known fear, became uddenly very anxious and care­
ful. and it was with diffi ulty that I persuaded him to
follow u down the yellow-white Iiff of the gorge. Po-

ibly there awakened in bim a trac of the terror bi an·
c tel's felt for the ' moking mountain ' that one dared
not approach too near, 1 t the 'Gamuli,' the mountain
pirit , might be cooking their whale, which nighttime

they go down and fetch up out of the ea, one on each
tin er, and tiying bear them borne.

"The tream pOuring out below wa buried under now
and ice blocks, and we I' ached the tunnels and got under
the upright wall which I ad down into the crater, out of
the rifts of which mall and furiou jet of team e cape.
There 1'0 e a thin knife-ed ed lice of rock out of the ice,
from the wall and ba e of wbi h hundred of team jet
hot up. Warm water ran down carrying red-brown mud.

and a ra~; h-yellow brook broke it way through tbe ice,
the melted green wall of which could be seen transparent
behind the vapor. The jet of steam 0 his ed and roared
that it was neces ary to hout in order to be heard. In
su h an environment one may believe anything, and none
of u would have been astonished to look np and ee an
ancient mountain spirit of he Kamchadals sitting a tride
one of these cliffs holding out a whale on a spit 'vherewith
to cook it in a steam jet.

"This devil's canyon under the glacier was near the
snmmit. The veil of smoke hid whatever the crater might
conceal in its depths, but there was no lava lake nor in-
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candescence, but ratber numerou bole orne hundred of
decimeter aero a our 'e of jet of team."

1931 ACTIVITES

During the winter three big yolcanoe , Tolbachin ky,
Klu hev kaya. and Gorely, w re in actiyity, aU ituated on
the ea tern shore of the p nln ula.

Tolbachin ky eleyation 3'i3U m., had a magmatic x-
plo ion larch 4, 1931. It one and tbe ,icinity were
oyer d with ash. In the vi11a~e Tolbachik. 41 km. from

tbe volcano, the a h wa a f w milimeter thick.

Kluchev kaya, elevation 4 61 m., had a e.ere eruption
on larch 25. 26, and 2'i, 1931. All day ::Ilarcb 25 this
beautiful volcano was quiet, but aft r un et in the villal\'
Kluchl, 32 km. from the crat r, wa heard a era h, and
then a column of fire app ared upon the summit. Th
rumbling increased in uc 'e siv periods of noi e, and
during the night the volcano thundered and several loud
explo ions were heard. In Kluch! next morning a h fell
and tbe air darkened. Th volcanic ash and sand weI'
falling during three days. All traveling by dog sledge
became impossible. The strip of country covered with ash
on top of the snow wa 240 km. lonl\' and 50 km. wide; th
av rage depth of the ash was 1 m.; therefore during thil'
short eruptiou Kluchevska)'a thr w out approximately 120
million cubic meters of a h 011 the northern side only.

Profes or 1'\ovograbl nof de ribe the a h a con ist­
ing of fre hly broken piece. of dilIerent size, a small por­
tion of them appearing rounded a thou~h melted. Ther
are pie e of lava gla and pumi and fragment of the
mineral pyroxene, mal\'uelite, plagiocla e, and colored
und termined ub tances.

Gorely Yolcano, elevation 1 31 m., ha continued in
activity ince 1929. In the ummer of 193U it wa mar
or I quiet, but in th autumn i eruption were r .
new d. For example. on eptember 3U, 193U, it threw Ollt
clouds of yapor and a b in larl:! quantity. The dark blue
rna e of a h fell in OU1h Kamchatka over a va t are'l.
January I, 1931, the column of gal;e and a h over the urn·
mit of Gorely wa more than 5,000 met r high. The erup­
tion la ted until January l'i, wh n the column wa 6,OOU
meter high. he volcano ,moked like a battle hip (cut

Pa e One. The smoke extended toward the northea t
for a dt lance of more than 9u km_ (cut Page Three).
There wa !;ome reflection of fire een on the ummit.
""h n the atmo pheric pre. ure wa .ery low the acth'ity
increa ed.

• II'. Y. . Kulakof. g olo~i t of the Kamchtka .olcano­
logi al expedition uuder Prof: or A.• -, Za.arit l..-y, .isit d
Gorely in ,lay. He tate tbat on the ummit ther are
fi\'e and po -ibly ix crater. Only one of the e. 250 m.
in diameter, i in acth'ity, and no lava flows poured from
thi. la, t eruption. Bomb. lapilli, and and a h fell. A h
wa. falling mixed with now. One hundred meter from
th dge of an eruptive crater a thermometer thru t into
a'h howed -2° C. "('nder the a h there were layer of

now. The bottom of tbe cra1 r could not be een owing
to the clouds of fume ri ing from the chasm. 'We are
~r atlY indebted to Profe sor !\'ovogral>lenof for this in­
formation. T.A.J.
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WEEK ENDI "G SIi:PTB lBER 27, 1931

ection of Volcanology, U. . Geological Survey
T. A. Jaggar, Yolcanologi t in Charge

At 10 a. m. epteml>er 21 there wa yery little fume
at tlte • ulphur pot on th floor of Halemaumau and what
tbere wa appeared to emerge in puff. A very little yapor
('arne out of the rock of tIle walI of the pit outhea t ju ·t
aboy the bottom. M a ur m nt of rim cracks .howed no
wid ning. There haye be n no other changes durin the
w k. urvey are in progr . to determine a profile of
the pit which ma}' be used when lava return.

The seismograph at th Ob en-atal')' regi tered 26
tremor', of which one wao' prolon!!:ed. and two were ac­
companied by ea terly tilt. One doubtful di tant arth·
quake wa' weakly record d at 3: 15 a. m. Septemb r 21.
Four very feeble local . ei m w re regi tered, ho\\'ing
t ndency to ea terly tilt and origin very near. Tilting of
th ground for the week wa light E and micro ei mic
motion wa light.

Heavy column of smoke from Gorely Volcano as seen from Petropavlovsk 67 km, away,

January 17, 1931. The white steam on the left is from Mutnovsky Volcano in the back­
ground, the sharp cone in the middle is Vilutchinsky, and Gorely Is on the right.

Photo I. Larin.
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Map of the Pacific showing position of Kamchatkan Peninsula.
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Steep summit between the craters of Turrialba Volcano, Costa Rica.

ACTIVE VOLCANOES OF COSTA RICA

Pittier describes the mountains of Costa Rica a divided
into a southeastern system of old eruptive rocks without
volcanoes, and one peak reaching an elevation of 12,467
feet; and a northwestern system with active craters. This
chain of volcanoes begins with the conical peak of Tur·
rialba, rising in an uninterrupted slope from the Santa Clara
plains to a height of 10,965 feet. Going west from Turrialba
we pass Irazu, Barba and Poas volcanoes, and from there
northwestward the range diminishes in height past the less
conspicuous volcanoes Tenorio, Miravalles, La Vieja, and
Oro i, when we reach the Nicaraguan boundary (Costa
Rica, Vulcan's smithy, by H. Pittier, Nat. Geog. Mag.
June 1910).

Dr. Jaggar visited Costa Rica in the early summer of
1910 in order to study the effects of the terrible earth­
quake of May 4, 1910, at Cartago. He vi ited the craters
of Irazu and Poas. President Jimenez kindly furnished the
following account of a visit to the crater of Turrialba in
1864. The account states that at that time Poas, Barba,
and Irazu were "not altogether dead," but Turrialba was
in complete activity, and had been so for many years, send·
ing out thick and high olumns of smoke mixed with plenty
of sulphur so as to de troy the vegetation on the lope of
the mountain. Large deposits of sulphur of great purity
were said to exist on the northeast side.

The biggest craters, more than 300 feet deep, showed
black and yellow walls leading into the depths where more
than a hundred mouths five to six feet in diameter, fringed
with yellow layers of sulphur were hissing and sending up
vapor with a noise like steam boilers. The roar of the
steam was terrifying especially on the east and west
corners of the crater where two larger vents sent up ex-

ce sive vapor with a rush. All of the vents together made
a large column of fume at the lip of the crater over 90
yards in circumference, and this made a high column above
the mountain in calm weather as seen from the town of
Heredia. The vapor was said to increase in winter time
after heavy rain. There is an eastern extinct crater ad­
jacent to the active one, and yet a third to the northeast
where water collects in winter time. Between the three
craters are three sharp ridges meeting in peaks of which
th northern and eastern are the steeper. (See cut Page
One). The circumference of the crater region is about
1, 00 yards. Its shape is somewhat elliptical and irregular.
Its inside walls are nearly vertical, covered in places with
yellow layers of sulphur, and on account of the noxious
fumes and the loose ground the de cent is dangerous, and
to return might perhap be impossible. The outer wall
of the crater to the west is peculiarly dangerous to walk
upon; whereyer one digs with a stick a small smoking
chimney is created with deposits of sulphur and other
salts, and in a short time the heat rising from the hole so
made is excessive. The ground on the plateau about the
summit is covered with lava fragments, sand, clinker, sui.
phur, and various salts, and there is little vegetation except
to the south where the ground is not reached by fume.
Here there are dwarf scrub and creeping plants. The walls
show layers of rock of many different colors exhibiting the
structure of the mountain, and there is sign of lava flows
toward the north, where also the greatest devastation has
been brought by fallen materials.

Pittier (1910) describes Turrialba as having a beautiful
crater, forming a narrow elongated basin, in constant ac­
tivity through the ejection of sulphurous vapors mixed
with sand seen escaping noisily during recent years from
the broad vent at its westernmost extremity. The only
known violent eruption of Turrialba occurred in 1869 when
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Crater of Irazu Volcano, showing part of cup and inner pits.

it threw out much explosive material and fine sand carried
by the trade winds far to the west.

Irazu is about 360 feet higher thau Turrialba, and a
portion of its open crater, containing several interior pits,
is shown on Page Two. The following is from my journal
of 1910, when we started for the summit from a beautiful
dairy ranch in the forest high on the mountain flank:

On June 3 we were up before th dawn, our hostess
served coffee, and accompanied by a guide we mounted our
beasts and entered a steep winding woodland path. Mr.
Alfaro pointed out a rather large quick-flying bird which
gave a plaintive whistling call: it was that rara avis the
Quetzal which in Guatemala is regraded as the national
bird. We passed from the tree line to a zone of shrubs
and here the glorious summit view burst upon us, the
Caribbean Sea far to the east and a dark Pacific loom
under the clouds to the west. We were standing on one
of the dividing peaks of the Central American watershed
and viewing both oceans at once! Below us stretched the
fair and fertile plains of Paraiso, Cartago, and San Jose,
too far away to show any sign of the recent tragedy. Be­
yond to the south were the calm, dark mountains, as till,
silent, and emblematic of terra firma as though earthquakes
had never been. More tumultuous were the moving clouds,
f'speciaLly over the Pacific where they caught the hie;h
roseate lights and dark shadows of the dawn. Looking
eastward towards Limon the rising sun made a trail of
tropical glory along dim misty waters and pale pearl-gray
clouds below, the foothills piercing the clouds like i lets
in a billowy sea.

As geologist I noted the much greater fall of the
eastern streams, such as the Raventazon, as contrasted
with the extended gently falling drainage of the broad
valley to the west occupied by San Jose, San Domingo,
Heredia, and Alajuela and other towns. The Raventazon
shows a gorge just east of Paraiso and it is clear that if
any massive uplift of this country i going on which causes
the drainage to cut deeper, the maximum uplift is on the
eastern side of the country. If the movement is a tilt,
then it is a tilt up on the east, down to the west. This
agrees with the appearance of elevated coral shelves and

forelands in British Honduras and at Limon in Costa Rica,
in that such raised oceanic formations give evidence of
elevation on the east cost. And the west coast shows
drowned valleys.

As one looks down from the summit of Irazu on
Cartago and Paraiso, these towns appear to lie on an in­
tramontane plain, and all about them are the evenly
rectangular tilled fields of a fertile agricultural land. They
are reaIly on the pediment of the volcano, where the out·
wash from the gulches has built fan-cones of soil and
bowlders onto the floor of a broad valley which originally
drained westward; ie., towards San Jose and the Pacific.
The evidence of this change of drainage is shown by a
barbed stream beyond (S. E. of) Paraiso, in a deep gorge
which now Joins the Raventazon at an acute angle head·
wards, whereas its original junction with a normal west­
flowing drainage was at an acute angle mouthwards. In
other words, the Raventazon and its tributaries has robbed
the waters of formerly west·flowing rivers and thereby has
forced the continental divide to shift from a former posi­
tion east of Paraiso to a present position west of Cartago.
Cartago is thus practicaIly on the continental divide, in
territory where the divide is, so to speak, disputed by a
conquering eastern drainage. which is cutting deep canyons,
and a conquered western drainage which has lost volume
and is losing rapidly its basin lands. This physiographic
change may have significance as one of the many causes
which serve as trigger to the earth stresses which make
the earthquakes.

Continuing our climb, now in the bushy zone of the
high summit, we came to bare patches of soft black cinder
with new fractures in the earth. These fractures were
marked by rows of caving holes-in one place two feet
wide and another six feet wide and the rows trending,,' -,v. Such cracks are not unusual in the crater region
of a volcano and these in IraZtI are not necessarily the
product of the recent earthquake disturbance. The WNW
trend is about parallel to the main fis ure system which
must underlie the chain of volcanoes of which Irazu is a
part.

The summit of Irazu was soon reached. This is on the



THE VOLCANO LETTER Page Thru

south side of the crater and is merely the highest point
of itB rim. The crater north of UB, aB we Btood on the
peak in an uncomfortablY stiff breeze, appeared to be an
irregular drainleds depression over a mile wide with two
broad shelves of lava within it, one over the other like
steps, on the side toward us, and a quantity of irregular
deep pits in the opposite or northern side of the hollow.
The effect is as though the whole cauldron had once been
filled with lava to the level of the highest step; the lava
seems thereafter to have hardened and tumbled in on the
north and amid the tumbled blocks new explosion craters
were formed at different times, making the several round­
ish or elliptical pits. The lower step would by this '3X­

planation be a piece of the frozen lava lake which had
slipped down toward the convulsed northern half of the
bowl. On the east there is the largest of the pits, which
reaches almost the dignity of a subordinate crater. The
northern rim is very low, and the northern side of the
mountain is profoundly eroded in deep, steep furrows by
the headwater branches of a muddy river, known as the
Rio Sucio, by reason of its turbid waters This river is
undoubtedly the main drain of the crater by underground
channels. The crater had some shrubby and herbaceous
vegetation. There is nothing immediately suggestive of
recent activity or earthquake slides. The ground on the
crater rim is covered with angular fragments of andesite
and blackish gravel. The walls of the steps and of some
of the pits show bedded sections of lava, hard rock, while
the "treads" of the step-like terraces have "playas," dried
mud ponds, on their surfaces. There are seven or eight
pits, mostly choked at the bottom visibly by slide-rock,
but one or two extend below into black holes which con­
tinue indefinitely. There is a shallow pond of milky water
in one of the pits.

To the east rises Turrialba, a beautiful fiat-topped cone,
said by those who live on its flanks to be the theater of
hollow murmurings from the bowels of the earth. These
"retombos," or terrestrial grumblings, we heard described
by all our friends resident in the vicinity of San Jose, and
the residents had become so sensitive to these noises that
they heard them constantly even during the time of our
stay. We never succeeded in hearing them, or if we heard

them, in distinguishing them from thunder, which we
heard nearly every afternoon. We were also unfortunate
in being unable to perceive any of the aftershocks of the
earthquake, though they were felt by others and instru­
mentally recorded at the observatory.

At the headwaters of the Rio Sucio on the north side
of Irazu there are bare brown landslide surfaces occasioned
by the tropical rains and the steep slopes. The river has
cut a canyon with vertical walls a short distance below the
summit cone. A tributary waterfall cascades over the
eastern cliff of this gorge. Just below the north rim of
the outside surface of the mountain, and on the flanks of
one of the gulleys that lead into the Sucio, there is a patch
of bare sulphur-covered rock extending 200 yards down the
mointainside. Mr. Alfaro informed us that the solfataric
activity which generated this patch began about 1888 and
that the sulphur, which may be removed in fairly thick
cakes, is deposited from gases which emerge from pores of
the rock. 'Ve saw no hot water or visible vapor, but recent
photographs and records by other observers indicate that
solfataric steam is ejected from time to time.

Some days later we took horses from the village of
San Pedro for the ascent of Poas Volcano. Through coun­
try lanes we climbed, with the volcano ahead appearing as
a mass of densely wooded hillocks. We entered the jungle
by way of a narrow path over muddy hillslopes and muddier
tangles of enormous roots. We frequently had to dismount
and whip up the animals ahead of us. This jungle was
remarkably different from the open groves of Irazu. There
are here great trees with hanging vines, aerial parasitic
flowers, some orchids, immense horn flowers and ferns, and
all kinds of dense, shrubby undergrowth. We came upon
a jaguar trap, and the guide told us that two of these cats
had been caught in it. It consisted of a rectangular pen
made by driving heavy sticks into the ground and roofing
them with logs. A freshly killed fowl was placed as bait
inside the pen, and provision was made for a heavy shutter
to fall and close the opening when the bait was touched.
Twice during the ascent we came to open meadows sur­
rounded by elevated land which are possibly old craters.
'Ve passed wild cattle. Finally we dismounted and entered

Lake of steaming water, usually in effervescence,
in crater of Poas Volcano. Photo Jaggar 1910.
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upon he las stage of tbe journey on foot. The jungle
thinned somewhat to a scrubby owth probably determined
by occa ional a bfall from the volcano. Poa i much lower
than lrazu, its elevation approximately ,0 feet. Bu he.
became open with a ray Iy oil between them, and then
w came out on the edg of the greater crater at fir
obscured by clouds. We could mell ulpburou acid.

After a visit to a higher cold la~oon which fill a ub·
idiary crater, we returned to the edge of the greater crat l'

and found it free from cloud. It pro,'ed to be a big cauldron
fill d with whiti h wat I' in con tant ebullition. and
bordered by bare, low bank of clay and bowlder radially
tren h d by hundreds of rain rill. The upper lip appeared
to be half a mile in diameter: the depth from the rim to
th water surface wa p rhap 00 feet, and tbe di lanc
aero s the pool 1,500 fe l. On the north ide of the crater
a hill appeared. somewhat hi~hel' than the one we weI' 011
(see cut Page Three), Toward the west from the water­
filled basin there is an irregular tract of "bad lands"
drain d westward by a gulch which shows a bedded section
of agglomerates and tuffs t.owards its head. This gulch
do S 110t drain the boiling pool at the present level of til
water, though it would do so if that level were raised a
v ry few feet. There was evidently much relatively new
sand and dust and gravel from the eruption of January
25. 1910.

The water in the muddy pool wa bubbling up hietly
at one pot near the astern ide of the pool. It 1'0 e in
a mall dome of ebullition from time to time. There were

h et and tails of vapor ri ing from ail over the surface
of the water and the color wa a pearly gray. The water
app ared to be hot but not bOiling hot, and the ebullition
appeared to be the e cape of ..-apor from a vent below.
Th eruption of Poa are de ribed by Pittier a gey er

rnption • and the column of team and water. wben a
bi jet occur , is said to reach heights of thou and of feet,
and to con titute the ~reate t ~er er in tbe world. It i
doubtfUl whether uch eruption may b de cribed a a
true gey er. for this volcano throw ont bomb, a h, and
mud, and the ga e whi h ru h upward throngh the water
are highly sulphurou , and probably are not team in the
en e of being occasioned by the boiling of thi same water

column. It appear to b merely a ca e of a volcanic erup­
tion making its way through a rat I' lake. In the bigger
eruptions the lake probably dl charged completely, ncb
was the eruption of January 25, 1910. wben stones fell on
the dge of the crater. and the finer dust fell at San Jose.
20 mile to the soutbeast. Pittier states tbat the water of
th rater lake "tastes like strong vinegar."

There was good evidence of the recent eruption on the
rim of the crater. Lumps of gray ash, clotted by rains into
the appearance of portland cement. were to be seen under
th bushes where they had gathered in the branches and
fallen off to the ground b n ath. There were pumic ou
bombs, large blocks of rock, whicb had fallen from great
h ight into the soft earth of the hill ide. They had
PllUched holes in the ground and buried them elve. "
dug up evera! of these, in • iz from a few inches to twO
fe t in diameter; one wa found buried 3 !nche below
the urface of the ound. Th re were many stone coat cl
with ulphur.
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HAWAIIAN VOLCANO OBSERVATORY
Founded 1911

This lahoratory at Kilauea Volcano helongs to the Hawaiian
Volcano Research Association and is leas d and operated by th
United tates Geological urvey.

It maintains seismographs at three places near Kilauea Vol-

Pittler describe the eruption in que tion a follow:
"At 5 p. m. January 25 a moke-like column 1'0 e from Poas
to prodigiou hei bt, e timated at no Ie tban 13,000 feet.

fter reacbing it hi~her point. tbe column pread into a
mu -hroom- haped grayi -h cloud. which, carried by the trade
wind, oon covered lik an Immen e creen the whole
valley of an Jo ~."

"An hour after the til' t indication of eruption a rain
of a. h began to fall, increa in~ in coal' ene a well a
in quantity a he eruption proceeded.

". 'ear the crater volcanic mud wa mixed with tone
and the latter broke thi k limb and root of trees and
p n trated deep into th ground. When nsiled after th
ruption, the boiling of the crater lake had cea ed.

"This eruption wa followed on April 13 by a erious
earthquake over all the central plateau of Co ta Ri a. just
after midnight. Everyon ran into the treets. There w I'e
numerous shocks the next day, and several public buldings
were badly wrecked. Ground was rent and fissured in the
neighborhood of Carta~o, On May 4. at 6: 50 p. m .• came
th terriffic jolt from the ast which wrecked the city oC

artago, just at the foot of lrazu Volcano. This wa on
of the most intense earthquak of modern time ." (
Jaggar and Spofford, Costa Rica earthquakes. Jour. As 0 '.
Eng. oc. 46. Xo. 2, (Feb. 1911), T.A.J.
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ection of Yolcanolo y, U. . Geological urvey
T. A. Jaggar, Yolcanologi t in Charge

Fume was fairly trong at the floor vent of Halemau­
mau early in the we k. app aring irregularly in puff. prob­
ably dne to the trong.'E wind. Heavy rain increa ed
·team acti"ity in the pit. A cumnlation of water in a pool
near the Halemaumau sei mO/il:raph can ed de epU"e tilt
of that instrument away from the pit.

On October 1 fume wa plentiful at the E ulphur
spot. TwO mall lide from the north wall were ob erved
at 7: 35 and "j: 4U a. m. There wa the u ual increa e of
steam after rain on this day and the next. A mall slid
al 0 occurred on October 2 at 7: 30 a. m. A faint smell of
sulphur was noticed on the we t side of the pit.

The instruments at the Observatory recorded a total
of 19 very feeble tremors, one showing easterly tilt; 3 v ry
feeble local seisms. one at : 40 a. m. October 3 showing
dislanc 4 miles and another showng easterly tilt; and a
distant earthquake at : 45 a. m. October 3 (uncorrected
H, S. T.). The record of this shock is much larger than
the Napier disa tel' of F hruary 2, thongh the di tan e,
3750 miles, is not 0 great. Pha e were as follows:

eP :53:42 a. m.
e 9:U1:17 a. m.

The a"erage of accumulat d tilting of the ground at
the b eryatory wa . li~h E. 'E. .Iicro ei mic motion wa
.'li~ht

('..no, al '<! at Hilo, and at K"alak. kun in Kona District. It
k ps a Journal ot Hawaiian voJeanic acti,ity and pubUshes
(X'('a.·ional Bulletins.

)I"mu rship in the Hawaiian ,"okano R search Association Is
lI!Y1i~ d to pat:ons of Pa('ifi' "'i nc who de ire personally to
s"l In 1'upportmg the work.

Th work of '-oleano r . "arch so supported is in collaboration
with th ~\'ork of ~e :enit ,I • tat s G ologi~al urvey, but sup­
pI ment'! It with bUlI<11!1S'S, rt's"arch fellow1'. instrumental plants,
,'xploratlons and sp 'Ial in"" tl~atlon.- for which there is no
go" rnmental provision. Th" G ologi~al Ur\'ey maintains vol­
canO slat ion in Alaska, allfornia and Hawaii.

TIl<' Board of Directors In~ludes Frank . Atherton and Walter
F. Dillingham, "ic -PI' sid nls; L. Tenney Peck Treasur 1"
'Vade 'Varren Thayer. Arthur L. D an, and Richa~d A. ooke:

Persons desiring application hlanks tor membership ($5.00 or
more) should address th e Tetary, Hawaiian Volcano Research
Association, 320 James amph"ll Building, Honolulu, T. H.

Editors please aredlt.
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Lake Amatitlan and Agua Volcano in Guatemala.

Reading- b,- pxplo:iv out put alone. we get til follow­
in . ri .. by apper" revl:l'll table: (Zeit chl'. Yulk. xr,
Belt :l, 19~ I:

!1.5
.), .-

6.5
6.0
4.1
3.5
3.5
3.1
2.2
2.0

1..5

Cu. Km. Fragmental
1 5.U

:> .11
3\ .0

11).11

Ja.a bel
'en ral Amerka

Ala. ka·AI ulian
I('eland

outh Am rka
Japan ....
Philippine.··:.rOIUCl'll
Kamchat ka·I'uriJ
• 'ew Zealanrl-TOI1l!;8
• 'orth America·Antill!'s
:'Ieditenanean .
:\lelane'ia . . .
Atlantic Oc an .
Indian Oc an·Africa ..
Central Pacific ..

f.

4.

.)

.)..,.

1.

G.

9.
10.
11.
1')

13.
14.
15.

VOLCA 0 ACTIVITY OF CE TRAL AMERICA

In 'orne early number ot h "olcano Letter h q
tion ~'a' reviewed a.' to what con ·tilute. comparative
vokanic activity fOI' differ ut di.·trict!'. Different method!'

I l!es ell ha\'e b en Yon "'oIff's "Index of decadenc ,"
\ 11 re an index numb r i.' applied to the percen a e of
.' in t voIcanoe' for th total numb r of ne . <1/ tri .t..:

th to al number of hi' OJ'ical "outbreak';" the number of
vokano ' active for the agogor p;ate lell!~th of the volcanic
zon ; \'olum of output of lava; and Ia .t1y volum of out·
put ot xplosive materials. It wa' found that the volum
of output make the mo:t con:i:tent table for a Ii·t of
rep;ion., but that th output of lava i: at the Oppo:ile end
of th Ii t from th output of explosive material. Thus
Iceland leael. all other di lrkts in outPUt of la"a and the
Dutch Ea't fndie lead the \\,orlf[ very /treatly in output
of fragmental deposits [or the period of human hi'tory.
Th oceans and suharctic rel!:ions are the great lava pro·
due r:, th continental borders and the equatorial belt
produce much explo. ion.
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Contrast with this the following list in the order of
lava output:

If we compare these two colnmns it is evident that for
the geologist to whom explo ive violence is characteristic
of terrestrial activity, the Dutch East Indies stands at the
top. And to him for whom magmatic outflow i all im·
pOl·tant, Iceland and Hawaii are the leaders, though Ha·
waii comes at the bottom of the list based on explosive·
ness. Japan occupies nearly the same position ( o. 6 and
7) in the two lists, and the districts occupying the same
position in both lists are New Zealand·Tonga and North
America. It is clear that explosive violence and lava out­
flow are opposed, and that if either of these qualitie is
to be used as a measure of volcanic activity, the other
should be in the nature of a measure of decadence.

If we grant that engulfment and the admission of
ground water is what lead to explosi n, and that on the
other hand the rise of primitive magma and exclusion of
ground water is what leads to lava flow, then it would
appear that only the latter magmatic happening can be
construed as a measure of pure volcanicity. Any magmatic
vent in the earth·crust may enter into an explosive phase
through the recession of the magma, this has happened in
Iceland and Hawaii, and the fragmental output thus pro­
duced is merely a rearrangement of broken rocks.

On the other hand, it is quite possible that some yolo
canic regions are charaterized by intrusive magma in just
as great volume as anything poured out in Iceland or Ha·
waii. These places would make steaming solfataras and
boiling waters, would deposit much sulphur and other salts
along cracks, and if the intrusive magma receded, would
generate explosive eruptions, followed by an exhibit of
little or no lava at the surface. The little lava exhibited
might be a stiff plug or dome of highly siliceous magma
at the crater. It happens that just such andesite or dacite
domes are well known at many explosive volcanoes. This
proves that these volcanoes are truly magmatic, but that
they do not make lava flows.

Decadence of volcanism. then, as interpreted by ex·
plosion, may mean merely a transition from basaltic flow
lava to andesitic intrusion lava. In this connection Central
America is very interesting. Sapper lists 26 active vol·
canoes between Costa Rica and the Mexican border, aver­
aging one every 50 kilometers when this line of activity
is treated as a single belt. Central America ranks thir­
teenth in lava output among volcanic regions, but is second
only to the Dutch East Indies in explosive output.

In a recent article on the most active "volcanic

1. Iceland .
2. Central Pacific .
3. Indian Ocean·Africa .
4. Atlantic Ocean .
5. Mediterranean .
6. Kamchatka·Kurile .
7. Japan .
8. Alaska·Aleutian .
9. New Zealand·Tonga .

10. North Amerca·Antilles .
11. South America .
12. Philippines·Molucca .
13. Central America .
14 Java Belt .
15. Melanesia .

Cu. Km. Lava
15.5
11.0

8.0
5.5
5.1
5.0
3.5
2.0
2.0
1.5
1.2
1.2
0.6
0.5
0.1

regions," Dr. Sapper has compared the strongly active dis­
tricts of the world by density of clustering of volcanoes,
by frequency, and by output, and makes the following re­
mark on tlle re ulting tables:

"Iceland in the period since 1500 A. D. has exceeded
all olher places in output of lava, in that it has pOlll'ed out
a third of the world's lava output, or about 16 cubic kilo­
meters out of a total of 50 cubic kilometers. Hawaii comes
next to Iceland in lava output.

"In the production of broken material the Dutch East
Indies have produced more than half of the 325 cubic kilo·
meters ejected on earth since 1500 A. D., with Central
America coming next and the Aleutian-Alaska system
third." (These figures differ from the tables in Volcano
Letter TO. 12, owing to the inclusion or a large volume
for Katmai in 1912. This illustrates how quickly propor­
tions may change through a single volcanic event.) If one
considers the great length of the Java·Sumatra and the
Aleutian belts, respectively, as compared with the shorter
Central American belt, and thus includes density of cluster·
ing as a measure of activity, it is found that the output
of Central America per hundred kilometers of length is
4.6 cubic kilometers of explosive material, wherea that of
the Dutch East Indies is only 3.7. This would make the
Central American region the most productive of explosive
material per unit of area, with the Dutch East Indies
second and the Alaska·Aleutian belt third. It further ap·
pears that when these belts are examined in detail, the
two ends are less productive than the middle. It is remark­
able that the three most important regions on earth for
throwing up explosive material, and so giving evidence of
cycles of intrusive activity at the present time, all lie in
inter-continental districts-Java between Asia and Aus­
tralia, the Aleutian Islands between North America and
Asia, and Central America between orth and South
America. The Central American belt is strikingly different
in its volcanic activity from the much weaker volcanism
of the mainland of North and Sonth America. By this
demontration, Sapper makes the Oentral American region
one of the most important on earth.

In the map on Page Four there are shown many Yol·
canoes between Tun'ialba in Costa Rica and Tacana near
the Mexican border of Guatemala The last Volcano Letter
discussed the moderate activities of the Costa Rican group.
In Salvador and Guatemala there are volcanoes producing
lava flows, and others producing extrusive lava domes.
In icaragua there are volcanoes of first magnitude and
very frequent activity represented by Masaya, whereas
Momotombo and Coseguina are both distinguished for some
of the greatest eruptions of history. It is worthy of note
that two of these are on opposite sides of Managua, where
the recent earthquake occurred, and that the proposed
route of the Nicaragua Canal is in the midst of an earth·
quake and volcano belt.

lu Volcano Letters Nos. 87 and 262 some description
has been given of Santa Maria Volcano in Guatemala near
the city or Quetzaltenango. This is the most interesting
active vent of the Central American group at the present
time, and will be treated in the next number. The illustra·
tion on Page One show Agua Volcano, ODe of the beautiful
cones near the capital, Guatemala City. There are three
in this group, Agua, Fuego, and Acatenango. Here again
it should be noted that ome of the terrific earthquakes of
history occurred right at the foot of all these volcanoes, and
both of the cities named were recently wrecked, Quetzal­
tenango in 1902, and Guatemala City in 1917. Here and
at Managua it is legitimate to inquire whether intrusive
magma does not strain the earth·crust to make great
earthquakes. There is no reason whatever for expecting



THE VOLCA TO LETTER Page Three

TILTING OF THE GROUND FOR SEPTEMBER

econds SW
seconds. 'E

econd E
second ENE

E.G.W.

simultaneous "actidt~·" at the nearby volcanoe if au in·
trll 'lye ma' ,by Dreading laterally far underground. ·ud·
denly break or splits the earth. hell ubterraneousl~·.

Acatenango, elevation 3960 m t I' • is a double one
clo e 10 Fuego. and at the end of the nineteenth century it
exhibited light fumarole activity in it outhem ummit
crater. At p. m. Decemh I' 1.• 1924. an explo i,e eruption
broke out and la ted 20 minut '. A crack opened about
311fl meter north of thi ummit. in the addle between it
and the northern peak caU d Tr ~Iaria. lSee CUt Pag
Thr e.) The crack wa ri III on the line connecting the
two cone. Fiery glow wa n and products of the
ernption were water. sulphur vapor, and fine gray a h.
There were 15 cup along a rift 75 meters in length; bri)!:ht
yellow ulphur depo it were formed along the crack.
Th I' were light falls of ash in thr e towns. An a cem
of the volcano by resident January 5. 1925. di covered the
stmight line of vents steaming lik an engine ending at
lh south with a new large 'rat I' 6') meters in diameter
and < 0 meters deep. Th team rushed out vioien tly so
as to eject small stones. Th west slope was cover d
with ash, aud one's fe t sank in it 20 centimeters at each
sten. The itlllividual fumaroles w re 2 to 4 meters across
and up to a meter and a haIr cleep. The ash was dark
and muddy and there were sulphur stains. The big new
'raler sent up dark, yellow, sulphlll' vapor, whereas at the

110rth end of the row of small cup pure steam was ri'ing.
At til southeru summit I'ater th re was no participation
in the eruption, but a littl white vapot' 1'0 e at the we t

dge.

The econd outbreak oc urred February 10. 1925, at a
large crater in the middl of th north lope of the outh·
I'll p ak. This al 0 la't d 20 minute. with wind in

dllrerent direction from the fir't one. There wa hi 'ing
from the new fumarole. but he explo ion wa not 0

trong a before. On February 22 there wa decrea e ot
activity. and a new a h field made a con picuou white
obj ct for 200 meter on th a t ·lop of the summit. .A
n \\' pit had been formed 50 by 411 meter in ize, on th
rim of which lay many tone in the mid t of the a h, of
5 centimeters diameter. Th re wa further activity at
4 a. m.. larch 4 and again at 2 p. m., 0 that a new a hfall
occurred. and when the peak wa vi it d March 13 ome
of the fumaroles had increas d their activity. There wa
w t a, h around all the openings, some blocks of rock a
meter in diameter were found during the a cent. and tr
w re broken down. compa s n edle showed no di turh­
anr on Acatenango, whereas Fu go at it ummit produced

reat ilTegularitie in magu tic declination. At thi time
Fuego al 0 wa howing incr a. ed fumarole activity.

On ! lay 7 a trong" outbreak of a h again occurred
at Acatenango. and it wa found that trees 30 centimeter
in diameter were broken orr one meter abo\'e the ground,
onlv the eas ern of the. addle fumarole were active weak­
ly, 'while the western on s had caved in to form a larl1:e
hole wh re ga wa e capin~. A. mall channel had formed
connecting different openin/1:"" From the mid·slope rater
on the north eide of the oUlhern peak team aro e feebly,
but from the ummit 1'0, bil1: t am jet mixed with ash.
and a pan of the cre t had fall n in. All the e fact ug-

t d a gradual incr as ot activity from the beginning
of the year 1925.

A later note (Zeit chI'. Yulk.. Yo!. XI. Heft 3, p. 1
tat that Acatenango in 1926 aftet' eptember wa in

continuous light activity from the 'arne vents, and March
:W. 1927 a great rumbling OCCUlT d heard in the neig.ll­
boring towns. Some fine gray a h fell March 31 and April
1 while thick steam clouds ros from the peak. Then the
activity died away and nothing mol' was heard from this
p ale Steam was occasionally seen. On the other hand
Fu go in August 1927 had incr ased its activity, 25 i1'1' g­
ular fumaroles were ill a tion on the southern peak and
about 10 on the east side. There wa much sulphur at
the peak of Fuego. Out of th crater steam puffs shot up
ev 1'\' 10 minute, and during two hour there were six
'lide's heard in the crater, which i from 300 to 400 meter
deep. The ea t·west t]jam t I' is 150 meters and the outh­
north .5 meters. The northea trim consi ts of a hand
i hi~her than the OUtIl\\'. t margin. which how bed·
rock. T.A.J.

The following figure how the net amount of tilt by
w k; at lhe Ob en'aLOry on the northea t rim of Kilauea

rater. and it direction. comput d from the daily sei mo­
gram' by platting a curve moothed by overlapping even'
day average. Thi i the departure of the plumbline in

conds of arc, in the dire tion given.
Augu t 31· eptember 6.... 1.1

eptember .·13 , 1..
Septemher 14·20 0.5

eptember 21·2, 1.4

Looking south from Tres Marias at the main peak of Acatenango in 1925. After Sapper,
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Map of Central America, showing the belts of active volcanoes, from Costa Rica on the

east through Nicaragua, Hondura, Salvador, and Guatemala. After Sapper.

KILAUEA REPORT No. 1029

WEEK ENDl~G OCTOBER 11, 1931

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

At Halemaumau blue fume in the bottom was thin
throughout the week. Steam activity also decreased very
noticeably. The ea t rim crack were mea ured on October
5 but no changes ,,,ere found. 011 the 6th the seismograph
at the pit indicated very quiet conditions. On the th a
few quick-period tremors were recorded. On the 9th a
distant eartllquake was recorded at 2 p. m.

The eismogrars at the Observatory recorded during
the week 2 tremor', of which only one gave indica­
tion of distance-10 mile. Of a total of ei~ht very

feeble local sei ms, one showed distance 4 miles, one 6
miles, three 9 mile" one 2S mile. and two 42 miles from
the Ob ervatory. One in the third gronp was felt at

Uwekahuna at 3:41 p. m. October 6. There were no
stronger hocks.

One teleseism, distance 3500 miles and lasting 1 hour
45 minutes on the record, was registered at about 2 p. m.
October 9, the origin not even approximately known ail
yet. The teleseisll1 of Octobel' 3 reported last week was
tentatively located hy the Honolulu station of the U. S.
Coa I and G odetic nrvey at 14 lat.. 160 E long.. in
the Coral Sea near Rennel Island at SE end of the Solo­
mons.

Average tilting of the ground [or the week was slight
, -1\'\Y. 1icroseismic motion was moderately strong.

cano. also at Hilo, amI at Kealakekua in Kona District. It
keeps a journal of Hawaiian volcanic activity and publishes
occasional Bulletins.
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Pho~ograph of a large model of Guatemala, looking southeast along the Pacific coastal plain, which
has been uplifted at the base of the line of active volcanoes. Great vertical exaggeration. Santa
Maria Volcano with hole in its side from the eruption of 1902. At the left the mountainous plateau
of Guatemala. a region of fertility, and one of the coffee belts of the world. Adjacent to this vol-

canic rift have occurred some of the biggest earthquakes of history.

ERUPTION OF SANTA MARIA NOVEMBER 1929

Santa Maria Volcano in western Guatemala has become
a key vent of great importance in connection with the
seismic and volcanic activity surrounding the Caribbean
Sea. (See Volcano Letters 87 and 262). Heilprin states
(The Eruption of Pelee, Lippincott, Philadelphia. 1qo )
that there was no recorded eruption prior to 1902, and in
this apparently Sapper concurs. The 1902 outburst in
October split open a great hole in the southwest flank of
the mountain (see cut Page One) at about 6,500 feet eleva­
tion. the chasm being about the arne ize as the pre ent
Halemaumau, 3,300 feet aero s. and 00 feet below the rim
stood a geyser-like lake of boiling water spouting and mak­
ing ulphurous fumes until after 1906. Then the volcano
became quiet until 1922 when at the end of June new
explosive eruptions began and a dome of hornblende­
hypersthene andesite lava rose through a fissure in the
bottom of the crater and in August of that year had grown
until it stood 300 feet above the downhill rim of the caul­
dron. Thereafter the dome kept growing until in 1925
there was a big castellated heap 1,600 feet high and 4,000
feet across. The growth was replaced by soJ[ataric activity
which continaed until May 14, 192 , along with the slow
development of a second swollen dome on the north and

northwest sides of the former dome (Termer, Zeitschr.
Vulk. Xl[ Heft 2/3, p.231). About the site of this new plug
eruption a short-lived explosive eruption occurred May 14,
192" throwing ash over the country to the depth of a few
millimeters.

Heilprin (l.c. page 71) believed the events of 1902
indicated that in a region like the Caribbean, volcanic and
seismic phenomena over distances as great as 2,000 miles
are related, that the deep-seated strain of magma might
make great earthquake such as geologists call "tectonic,"
that the slipping, upheaval and torsion of surface forlDa­
tions in the rock 01' the earth's crust might be resultants
of the jarring already given to the deeper earth-crust by
magma, that the s~i mo-volcanic condition of the crust is
proved to be connected with electro-magnetic phenomena
a hown by the magnetic storms all over the earth accom­
panying the Pelee eruption, and that there is marked
ynchronism or close following of major di turbances. as

has been proved at different periods for eruptions and great
earthquakes far removed from each other. The striking
illustration of these facts was a destructive earthquake at
Quetzaltenango in Guatemala April 17. 1902, synchronous
with the first outbreak of Pelee in Martinique at the other
end of the Caribbean Sea 2,100 miles away. Two hundred
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mil, RO lib of QuetzaHenan1'!::O, Izal,o ,"olcano broke out
in ,ah'al1or and Wll, in full rnntion .ray lU. two day:
lICter I'elee hall detroye(] ;l. Pi ne. ounere in t. Yin·
<:ent had ("'oken OUt mol' than lOti mile "outh of P Ie
th day before the t. Piel'r (·ata. troph. Both oufrier
and Pele continued their ruptlon' in concert ilito thp
autumn ot Ht 2. and durin.:: thi time ;\Ia 'aya ,"okano iu
• 'i arn!!ua :tarted eoruption, which continued £01' two
year.. And finally anta. taria in .uatpmala develop d it.'
unpr c' dented eruption October t4-. 'ovember 15 and
de\-u:taled the coffee land:. If th re were any doubt ahout
th 81tb-eru. tal sympathy of th mal!ma in the. I ap.­
from the "l'oleanic fi~. ur of 'uatemala to the great rift
of the Caribbee I land: and hack, it 'hould be di pelled
by th fact that in Sept mh l' 1929 PeMe broke into ex­
lllo!'iv ruption again ju!:'t after anta Maria in 192. had
renewed explosive activity which cam to a cri is in 'ov-

mb l' of 1929. It is or int I' st ill comparing Soufrier of
St. Vincent with Santa M:.1l"iu, to note that both th i:lE'
volcanoe: in 1902 were left wit 11 boiling crater lakes. Now
Santa Maria has extermillat d thi lake and replaced it
with a lava 1I0me: will ou[ri'l' \'entllaJly do the sam '!

The photograph on Page Thr has much in commou
with the scene pictured on the northea t lope of La~sen

P ak aft l' it eruption of l!1l5, and this photograph repr ­
. ents part of a ·tream b d in the forest below the crat I'
of auta .1aria a it appear d aft I' the new cata. trophe
of 1!l~!l which de tro~-ed human lit and wrecked planta­
tion, with an incande (. III down·ru 'hing cloud of a:h. and
torr ntial flo d which tran. portecl gi. antic bowlder. In
both La eon and anta .1aria "o!canoe:s, a well a: at
P lee in 1 112. the ource of the down-bla t wa a crat I'
narlially filleod with a .-tiff plug of lava.

In the e"l'enin of 'ovemb r 2. 19:! . in the vicinity of
anta .laria. there had been no fOl' warning of the coming

danger. It wa ultry and th l' wa a dry lightning torm.
hut there had been ouch I ctrical phenomena in that
vicinity of the la\'a tlome fr qu ntly. At La Animas, cia e
to the "okano on the downhill side. about 9: 30 p. m. No\'-

mlJel' 2, per.ons leeping on the plantation were udd nly
awakened and saw a glowing rain and a floocl rushing from
the lleiglJts of 1;1e volcano. Alarming underground nois s
followed each other in quick succ ssion, then glowing sanll
and ash fell on the roofs. Those who were so fortunate
started to flee finding it diff! ult to breath the hot air. The
b II was rung to awaken the labor rs and all ha tened to­
ward the Rio Concepcion, wh re the rh'er bed wa found
full of boiling mud noneou I~ called "Ia"l'a" by the a'·
ant. This wa beginning to o\'erflow the adjacent land.
Th y made for ano er branch of the stream and found it

qually in !Iood 0 that they were penned on a p nin. ula
bet ween the two torrent.. and the volcano. They spent the
night in the plantation hou~ : when there was a pau'e in
the rumbling hriek of the 'ufferer. and calL for heln
could be heard. "'hen they an mpted to go to the re eu
they found that the cri cam irom nath-e who weI'
already engulfed in boiling mud. • 'othing could be done.
Early the following mornine: when dayligllt enabled them
to s e the devastated land, they improvised a bridge of
log. a('ro the stream and about 25 per. on were rescu d.
'The wound d were taken to a hou.e on the main road
where a relief commis 'ion soon h "an the work of rescue.
Bodie were seen protruding from the hardened mud ancl
some peorsons were trapIl d in the wreckage of houses.
The r siclence house of one plantation was found totally
d stroyed and in many places it "'af:l necessary to lay (lown

hoard" in order to cro:. til xc ':;h-ely hot mud and a h.
The malla!!er of thL . econd plantation reported hearing a
t nilJI~ tlJ.und2ring, and on lookin~ up toward the crater
11 ~a \' red-hot rna";; '" weiclliu • ton being hurled into the
air and breaking to pi (' . wh n they, truck the earth ~o

that glowlllg rragm nt: and :park. bounced away. Then
(ame .-ubterranean rumbling,' and tiery "tream ~eemed to
pour d()wu from the erat I' in wiudin~ avalanche of incan­
d '(·enee. The iIInmination wa.- like daytime. A hand
'and f II ill a dense rain. the temp rature rO.e. and flight

11 cam' imperative. Here al 0 the bell wa rung for th
lahorels and at the hank of til Rio Tambor. which had a
c·hal1l1 I 11111 meters deep and. II meter' wide, the river wa,'
fouud in flood and 0 incand c nt with the dry accumula­
tions on it. upper surfac that th Y lighted the bank. This
is a very remarkable statement, but quile belie\'abl , and
actounts [or phenomena obs rved in many of the explosive

I'uptions of Java and elsewh re, wheu stream floods hav
b en confused with lava flows. It is eai:lY to believe that
light pumiceou ash will make a dry bed on top of a mud
l:ltream, capable of holding Incandescent fragment so as
to remain luminous whil it flows. TIJ.I·oughout tlli erup­
tion of anta 1\laria th natives thought the contents of the
rh'er h ds were lava..

The River Tambor had almo~t reached the top of the
bridg , the under iron.' w J'l' IJ nt, but as yet they had not
ginm way. A .maller str am. th an Jeronimo. wa.::
\'i. it d and wa~ found to b f1owinl!' backward owing to
the fact that thL . tr am p ur into the larger rh'er on­
(·epcion. which by I' a: n of i . gr ater heiaht and ,'i 'co:ity
du~ to a"h se!lt a backwater flood np the .maller :stream.
Thi: wa. an added dan l' to the plantation a oon a
the backflood poured into th land. and about the building..

Ther wa no time to he 10 'I. The laborer were panic
stricken and demoralized. Tw nty- 'ix of them e 'cap d
ov l' the bridge. Th man describing the e'-ent aid hi
ehauffeur wi hed to gO back to the garage to get the auto­
mobil and he had to u forc to prevent his doing so
and snatch the key out of his hand. "'hile he was trying
to p l' uade him to 'ome acrOi;S the bridge there was a
Rudd n ru h of the fiery mud across the slope at the bridge
head; this liquid, by its gr at weight and slicl\:iness,
grasped the man's legs aud dragged him downstream into
the hot torrent. There was only a single heartrending cry
and he wa gone. Half of th laborer' had delayed and
w re still in the J,llantation, and now stream of overflow
could be seen making tlleil' way through the hamlet. The
man remaining on th bridg called to them a loudly as
pO' ible, but his voice wa' drown d in the thunder of the
cata Iy m. He aw hi, l' id nee collap e. and his auto­
mohile torn out and tos ed like a toy on the urfac of the
. tift' flood. :\lore than 25 of tho: who had remained in the
grouud: p rished. The narrator 'aw there wa nothing for
him to do but to ave himself. and he ran aero, the hridg
ju 't in time to ee it earri '1 away. leaving the plantation
cut off. Then the ruin' of his hou e di appeared.

Dr. apper conclude~ that thi: wa. a true fien' down·
))Ia, t of the Pelee typ • uch a. de'troyed I. Piene. If
this eruption i compar d with the fir '[ outbreak of anta
.laria October 24. 1902. ther are marked difference.-. The
1902 explo ion was enormou:ly bigl!:er in output of material.
and while the los of life wa' not greatly different, the
d . tructiou of property wa. much les. in 1929. The area
cover d in Hl29 wa comparatively small. whereas hundreds
of quare kilometers w re buri d in 1902. The thickneos.
of a. h in 1. 29 wa from 2 to 10 centimeters as again;;t 10
to 20 meters in many plat s in 1902. 'Yherea. in the
arlier eruption earthqual, s were numerous and big, in

1929 they were few and unimportant. The noise in 1!l02
wa heard several hlllHlreocl kilometers away, wl1ereaR in
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thiA r ('put ruption it wa. confine,l to he immediat
uei hbodlood.

011 the other halH!. the deyagtatlon in the immetliate
path 01 the fiery hla twa. terrific in 1!J:!!!. though probahly
not so 1:(1' at as that which destroyed t. Pierre in Martini­
que. There wa - til ame deep 'hooIllln~ noi~e, the le­
trical phenomena in the sky. the hurling ont of glowing
ma!'se.• the carr)'ing of big bowlders on the flood pa te of
the ,·tream·. A notabl differenee la,' in th fact that th
Iartinil}n eruption was by daylig-ht ~t am., wher as th

192!1 ernption at anta :\Iaria was at nie:ht 0 that light
phenomena were e-onsplcuon.. The la,'a dome o[ anta
• taria glowed with reddiAh incaude, c nce and glowing
ma:"e rolled into the gulche:. The force o[ th bla. t
wa mnch greater at Iount Pelee ae-companied with hnrri­
cane yiolence 0 a to earry big tone.' like cannon ball..
In the Guatemala outhr ak the glOw in!!: and and a!;h
roa .- .. flow d downwanl. simply by g-Tayity. Ther were
heat phenomena in both blast.', hut the Pelee blast did
dama/1;e to much great I' bight'. for there were hills in
the path or the hot blast o[ anta Iaria where vegetation
ancI houses stood uninjur d abov the 1 vel of th destruc­
tive cloud. There weI' a t I a, t two distinct blasts in th
1929 ruplion. The 'ont nts o[ the ash 'loud consist d or
hot stones. sand. and dust which retain d their heal a long
while. and the same wa~ true in HJu2 at Soufri~re and
Peh~. The killing or p opl in larlinique wa, due to hot
,team mi."ed with a.-h. and no case wa identified of true
a phy_·iatioll. In Guatemala ther weI' more ca,·e.. ap­
parently due to unbreathable ~a_. a facl confirmed by man~­

accoun indicating that the people eli d withont any out­
cry. The breathine: of inten "ely hot air mie:ht produce tllL­
effect. particularly if it were chare:ed with du t. and th
re\'iewer would point out that incandescent ub.·tanc ..
dri\' n through yeg tation would very qUickly I!; nerate
enough carbon monoxld [or in~tantaneous poisoning-.
Th I' w l' cases in both ruption' wb re the bodie' were
burned b neath relath- Iy uninjured dothing, owing to
death by .calding raUl r than incineration.

At the place neare, t to the anta laria crater roarin~

and whi ·tlin~ o[ the bla t were heard. but in di"tinction
from the .Iartinique happening an inrn hing re,'er..e wind
wa con.'picuou, blowin~ toward the C' ater. tree, .. howed

S('our on the side way from the crat'r. aud in !'om ca:e
weI' corched on tll . ide remot [rom the \'olcano. Thi
I' cal!.' th indraft at \' :m'ius in 19116. when tone~ broke
window~ on the id' I' mote trom the ,oleano. A p ­
cuJlarity Of the Guat mala happening wa the ''" tn;; o[
the climate and th occ'urr nCe o[ th eruption at the eud
of the miny sea ·on. Thu' it came about Ihat glowing
stone, and ::;and dogged the lr am" and cau eel their
walel's to boil. greatly in 'reasing the ,-olume of th liquid,
and in plac . the yalley , were filled with oUd so that the
flood 'w pt throue:h the iuten" nine: land... It happened
that th dowubla:t coincided with the drainage :y ·tem,
Ther b no rea on to .:nppo:-e that th e:ie:antic bowlder'
I pho'ol!I'aph Page Thr e I weI' thrown a the po:ilion
where th ~ now lie an," more than in the ca e of the Oood­
ing 0 Hat reek in th Las 'en catacly.·m o[ H1l5. The.e
big .-ton were carried with the mud jnmble.

\' ry little pumic'e I 11 at he beginning of the eruption.
There wa' much reddiAh a h. An analy -is show d the
pre" nce or odium chlorid with three pel' cent or lime
sulphat and traces of silka. P trographic investigation
or a roe-k samp! from the lava dome gulch at I valion
1.800 meter above s a level determined the magma to be
a hyp "sthene-hornblende andesite c-ontaini.ng 55 p I' cent
of plagioe]a. e. hyp r!;then in well bounded cry tal::;, horn­
blend d eply corroded and showing dense bord rs of
mae:netit I!ranule.-. Three a:h :ompl .. of Yariou' coal' e,
ne",' w I' pX'lmined. with :plintpr outline, o[ irr e:nlar
"hape generally sbowin~ tolorle,.: gla .... but sometime
non , anti otherwLe eontaining era m nt of reId par. red
brow"n hornblende. anl! rare rhombric p)TOXene. Otb rwi e
tb r wa' come aue:it and a moderat amount o[ mag­
n tit.

The place of ori~in of the 1'1~9 bla.-t wa, the la,'a dome
of 1922. This dom had begun to glow some dan' b fore
th outbreak. .A rifl was formed in th outh side o[ the
dam wh re earlier ,mall glowing di. charges had taken
place_ The place was thu' pre par d for a glowine: a\'al­
ane-he alone: a ga. h into the yalley b low. am where
alan the middle of h dome an longate crateriform de­
PI' . sion wac een after the eruption. its alignment alma t
due ,·outll. I ee cut Pal!:e Three.l Here after the main
eruption a :teep-sided hulbous la"a mas welled up. the

Looking north after the eruption of November 2, 1929, showing the lava dome in
the midst of the crater in the side of Santa Maria Volcano, and in the foreground
the flood waste occasioned by the eruption. The ash torrents mingled with flood
waters carried the huge bowlders shown. The downblast originated in a rift in the

lava dome, There is new lava in the rift, Photo from Sapper and Termer.
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MaBstab 1: 2.400000

e1

gezeichnet von Karl Sapper

Die raumliche Anordnung
der

Mitfelamerikanischen Vulkane

s

Volcanic map of Central America showing the position of Santa Maria Volcano at the

west end of Guatemala. From Sapper, Zeitschr. Vulk. IX.

avalanches from the slopes of which produced almost no
dust, in contrast to the outer avalanches of the older dome
which stirred up great quantities of the dust from the re­
cent eruption. (Zeitschr. Vulk. XIII Heft 2, August 1930.
K. Sapper and F. Termer, Outbreak of Santa Maria 2-4
November, 1929. In German.) T.A.J.

KILAUEA REPORT No. 1030

WEEK E~DlNG OCTOBER 1 , 1931

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

There is nothing new to report at Halemaumau. Dur­
ing obselTa ions throughout the week very little fume and
steam were noted, except a light increa e October 12 after

heavy rain. On this day at 4 p m. an avalanche north was
een making very little dust because of the wet walls. A

few rocks were heard falling at 9: 15 a. m. October 16.

The instruments at the Observatory recorded 40
tremors and two very feeble local seisms. There were only
two tremors of any length, one lasting five minutes and the
other a minute and a halL The latter, judging by the period
of its wave, may have been part of an earthquake with a
focus near the Island of Hawaii. A seism at 12: 32 p. m.
October 14 showed distance to origin 6 miles; one at about
5 p. m. October 13 was obscured by the hour mark, but ap­
peared to be less than 30 mile from the Observatory.
Spasmodic tremor occurred for more than nine hours Octo­
ber 16 and about ix hours October 17. There were no felt
shocks.

Tilt was moderate :1\. E. :\licroseismic motion was
moderate.

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

)lemhership 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 res"arch 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 sp cial 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 Frank C. Atherton and Walter
F. Dillingham, Vice-Presidents; L. Tenney Peck, Treasurer;
Wade \Varren Thayer, Arthur L. Dean, and Richard A. Cooke.

Persons desiring application blanks for membership ($5.00 or
more) should address the Secretary, Hawailan 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
servatory. It is published weekly, on Thursdays, by the :f!:a­
waiian Volcano Research Association, on behalf of the sectIOn
of volcanology, U. S. Geological Survey. lt promotes experi­
mental recorJing 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-memb rs two dollars P I' year of 52 nurp­
bel'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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Ropy festoons of pahoehoe basaltic lava, on the Mauna Iki trail southwest of Kilauea

Crater. Shows the wrinkling mechanism by which lava flows in the direction of the

arching, with twisting of the wrinkles where the middle belt flows the faster. Photo

1931 by Lewis M. Werth.

THE VISCOSITY OF LAVA
By Jean Kinsley

Little experimenting bas been done dealing with the
viscosity of lava. Viscosity has been defined as the resist­
ance to flow. Where lava is the chief product of a volcano,
the shape or the dome may depend on the viscosity of the
lava, as well as on its copiousness in different stage. of
the upbuilding of the dome. The rate of flowing will de­
pend on viscosity, and on change of viscosity as the lava
cools. Highly basic lava is more liquid and less viscous
that the less fusible acid lava, rich in silica, such as
rhyolite or trachyte. Some basic lavas like basalt are fluid
enough to run down a one per cent slope, and form flat
domes with slopes of from four to ten degrees. Mauna Loa
is an example of such a dome, immense in size, yet flat
in profile. The andesitic lavas of Japan and Central
America are much more vi cous, forming cones with slopes
of from 25 to 35 degrees though this production of lope
is often complicated with fragmental materials. What
effect viscosity actnally has, has been little experimented
With.

Dr. George F. Becker (Some inquiries into rock dif­
ferentiation, American Journal of Science, Jannary 1897.
page 29) discusses viscosity in connection with theories of
diffusivity. Becker estimate the rate of flow of the Ki­
lauea lava stream of 1840 at 22 feet a minute down a two

per cent slope. The flow was fed from fissures for a con­
siderable part of its length, thus maintaining a fairly con­
stant temperature. Water according to Becker would flow
24 times as fast. Since lava is 2.5 times as dense as:
water, it would then be 24 times 2.5, or 60 times as viscous
as water.

Becker refutes the possible assertion that lava under­
ground i more fluid before it erupts. Viscosity increases
with pressure, and underground magma is under great
pres ure and close to the melting point. It can not be
superheated, accorcling to Becker, or it would melt the
surrounding rock and be reduced in temperature. There­
fore he concludes that, owing to the pressure, viscosity must
be greater before eruption than afterwards. To this state­
ment may be added the heating effect!> occasioned by gases
released from solution, which would diminish viscosity
when eruption begins.

Dr. H. S. Palmer (The viscosity of lava, Bulletin Ha­
waiian Volcano Observatory, January 1927, Vol. XV, No.1)
assumes that Becker based his measurements upon pro­
gress of the first front of the flow of 1 40, which would be
slower than the streaming after a channel has been estab­
lished. Hence Becker's estimate of the viscosity is too
high. That is, he makes the lava too stiff.

No general law connecting temperature with viscosity
has been found, though there are several interpolation
formulae permitting computation of the variation of vis-
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co ity with temperatur for any ~h'en liquid, In ea e of
water, the decrease of vi .. 'o~ity pel' de~ee of ri.ing tem­
perature i. greater at the low I' temperature, Becker. ay,'
that fluid la\'a need lIOt lIe('e~ 'arily h .-uperheated ahove
itt; melting point. and thi' a .re ~ with ob erv d fact of
m a urement in the Kilan a lava lake" which indicat ,
that they are undercooled. Yi~co, ity varie with the mole­
cular we;ght and the hea\'i I' basic la\'a . other thin~'

b iug equal with refer lI'e to I' lalion of temperatUl' to
fn.ing point, hould b more \'i.TOU, by rea 'on of their
density. But chemical comp ition and ry tallinity play
important parr, and the quantity of gas bubble may act
a bali bearings in increasine: mobility.

Dr. T. A. Ja&gar estimated the Alika flow of 1919 on Mauna
Loa in it established hann I near the source to be moving
15 mile an hour. Four mile west of the source it wa'
moving three miles an hour. Tb source lava was pahoe,
hoe. the other aa. The lava r edlng the fields moved
through the stream forks in the ('haunel about 200 f et an
hour, but the field itself moved about two feet an hour.
Dr. Palmer think that Dr. Jaggar observed a urface
thread of la"a in the midcll of the hannel. 'which would
have a velocity 5 to 15 per cent greater than the m an
velocity of the inner lava r!\'er for it fun width. ( ee
photograph of lava fe. toon' Pae:e One.•

The rate of flow of the Alika tream Palmer a . ume.
to have been teady wilh a for'e 1.4 time greater driving
the lava tream to overcome it \'iRCO ity, than would driv
a comparable water tr am, ince the pecific gravity of
the gas-charged live lava i' 1.4. He write: "If stream
of two fluid were alik in an re pect except pe 'ilie
gravity, tbe driving force would be in the arne ratio a
the pecifi gravity. And if the v locitie. were the arne.
the vi 0 itie would be proportional to the pecific gravi,
tie ; tbat i . to tbe drivin!!: force, ince the velocity of a
tream I inver ely proportional to the vi co.ity, we may

l\Tite the equation
specific gravity

Viscosity = a constant X -------
velocity

From this formula he COllClud s that the visco ity of the
Alika flow was about 15 tim greater than that of waleI'.
He conceded the po ihillty of error in comparing the Alika
flow with a similar tr am of water, from uncontrolled can,
ditions of the channel and grade.

Jaggar in 1921 (for Alika flow detail ee Bulletin Ha,
waiian Volcano Db ervator)', Octob I' 1919, pp. 127. 133-4,
156; also February 1 21. pp, 2 -9) made an experimell at
Halemaumau comparing the vi co it)' of live lava in a rift
cone, and in the lava lake. He attempt d to avoid str am
errors by mea uring the rate of entry of live lava through
an aperture in a ve sel immersed in it. The apparatu was
a m tal cylinder 27 inche long of 3 iuche in ide diameter,
on which was a cap with an opening 1.5 inche in dia­
meter, This on the end of a long pip wa immer ed about
a meter in the molten liquid in the cone and left there
for 4 minute. On withdrawal, the cylinder wa found to
be about one-third full of paho hoe lava.

The same experiment wa tried In the bubbling lake,
with the I' ult that the cylinder wa incompletely fill d,
but in larger volume than before_ The current in the
molten slag carried the yUnder irre tibly sidewi e 0

as to prevent it from remaining \-ertical. Large gas
vesicles were found in th gla sy lava inside the va sel,
showing that gas vesiculation had played a part in permit,
ting the lava to enter. A defect in the e experiment was

th coolin~ effect of the iron on thrn 'ling it illld the la\'a
withont preheatin to the lava temperature.

In the fir t experiment, 11 II cuhic centimeter~ of lava
w il!:hin~ 1656 gram. had ntered the cylinder. fillin it 33
p I' nt. In the -econd lake experiment. 2500 cubic centi,
meter' entered with a weight of 35Uu gram. fillin it 3
pel' c nl. The yisco 'ity wa. thuB l!:r ater in the spatter one
la \'a. The den ity of ordinary Hawaiian lava i from 2.7 to
:3.0. hut the ve icular lava of the xp riment had 'p cillc
gra\-ity of o:1ly 1.4. owing to the lare; proportion of l!:a .
The radiu. of the oritic was 2.9 centimeter. and the time
of flow 240 'econd" Th temp ratnr of the lava in the
first xp rim"nt wa 11uO de ree' .. in the 'econd experi­
ment 12UO degree C.. a.' llli~ht be expected from th lower
vi co ity of the highly eften'esc nt lake lava.

TWO SURFACE FORMATIONS NEAR MAUNA IKI

The photograph on Page One Is relevant to what wa
said above about viscosit~· of ba alUc lava. The ordinary

mall pahoehoe la\-a flow has the form of a leaf, witb the
feeding (ream considered a the tern. This tern 01' feed­
ing thread of molten lae; -kin over on it upper urface
and quickly divide' it If into at lea·t three belt of motion,
can isting of two drawn-out curtains at the ide', and a
belt of fe.toon in the middle ar hinl1; downstream. The e
fe ·toons are at fir t m I' Iy wrinkle, then they cluster
together and pile up Into folds, then the different p d of
flowing of the fa tel' central belt and the two lateral belt
t nd' to twi t the contact wrinkles {uto rope. Finally the
whole structure form a cru t and the incaude cent tream
in 'ide flow under th bridge of fe toons. Thi tream
later scape at the low I' 'kirt of the flow and leave. the
arch of fe toon a hollow hell whi h i apt to cave in and
I' veal a cavern. The pre ence of arched fe toon a

ure ign of the original dire tion of flow with the crest
of th arche pointing downstream. It often happen that
the hardened shell xhibiting such fe toons become wol­
len up in the later hi tory of a flow puddle a that the
surface slopes backward in the opposite direction from the
slope that made the festoons.

'fhe photograph on Page Till' exhibits the detail of a
footprint made by a barefooted Hawaiian in the ash mud
of 1790 ea t of l\Iauna Ik!. This is one of the hundred of
footprint which mark th old trail of that time. the material
being a pi olitic a h with some mall angular pebbl
The pi. olite or mud raindrop of the period are the malL
round, whiti h object· en at the left of the picture. The
footprint how the fi'-e toe and the pread-out effect a
the foot qua hed down in the mud of that period, which
ha iuce hardened like cement 0 a to pre erve the foot·
prints from era ion throughout nearly a century and a half.

T.A.J.

NOTES FROM THE ALEUTIAN ISLANDS

The ei mograph ob erver. II'. 'Wendhab, report from
Dutch Harbor that the trader 1\11'. hroder, who own the
tore at Chichagof Harbor in Attu. came back from one of

hi voyage at the end of August and reported that on [ay
30. 1931, about 1~ midnight (following), a very severe
earthquake was felt at Attn. He had himself experienc d
the California earthquake of 1906 and he thought that this
one was very nearly a severe. Everything on the helves
wa. eli lodged, dishes were broken, and there wa general



Page Three

ha\·oc. After'lhocks continued every few day accompanied
by a di tincl rearing nobE' whith preceded the _hock and

I' w iu Yolume a' thou h omelhine: wa: comine: clo.er
with great rapidity. Tb n would com the hake, the
roaring accompanyin!!: it. tollow d by a pa ing on of th
moy meul and a dwindlln of both tremor and ound.

Our elsmograph record. at Kilauea did not .. how any
re~i.. tration of a large distant arthquake at that tim

.Ir. R. H. Finch report· that Aniakehak Yolcano on he
Ala kau P nin ula \Va' explodine; In ;\Iay 1931 and calt r d
a h oyer a I.lUndred mile [rom the center. The material
that fell at a great distanc was very fine and looked like
flour under a pocket In. orne account of thi Aniakchak
erup ion bas recently b en reported by the explor I'

Father Hubbard. Katmai Volcano wa obsen' d to be
moking early in July. Pavlor was making neal'ly all

summ I' and according to the Reverend D. Hotovit ky of
Belkofsky this volcano was in active eruption about May
20. 1931. making a noti able ash fall, and at times glow
wa di cernible at the crater. Two other volcanoes on the
Penin ula were reported fuming.

Gareloi Yolcallo. a peak 5.334 feet bi!!:h far to tbe w . t
in tbe Al utian I lands, was very active during the sprine:
and ummel' of 1930. Th appearance of balf of the island
wa.• aid to be cban!!:ed by laya flow from fi nre. and a
hut wa. degtroyed belonging to fox farmers. R.H.F.

KILAUEA REPORT No. 1031

WEEK E. 'Dr. 'G 0 TOBER 25. 1931

ection of Yolcauolo~y. r. . Geological urvey
T. A.. Jag!!ar. YolcanologL t in Cbarge

The fume area on tb Halemaumau bottom appear d
ina('t1ye on October 19. and only tbin fume and steam w re
notic abl on tbe 20tll. Arter Ii ht rain on the 21st there
wa... ome in<:rea e of fum. On tbe 2::!d both fume and
:team w r entir Iy ab.. ent. The ei:molITapb at Hale­
maumau . howed quiet condition: and practically no tilting.
Th re are two new larl!: bowlder.. on the pit floor between
th outh and outh a t talus '. On 0 ·tober 24 at :30
a. m. tb re \Va a large ayalanch north causing mucb dust.

rack mea 'urements on October:!tJ howed no change•.

The eismograpb at the Ob ervatory registered 11
tr mars, three or which w re doubtful. and one very f eble
shock, with (1;ood pha es. fro111 a distance of about 37 mil s.
In addition during the first two days of the week there
W l' 46 pasmodic tremors. possibly artificial due to road
ma<:hinery. There bas be n 0 much vibration from thi
('au e as to ob cure the record during dayligbt bours. The
h a \'y machinery working in th neighborbood of 1 0 yards
cause period of one-tenth ,econd and a half millimeter
amplitude.

The a\'erage of tilt wa light.', and of micro ei mie
motion moderate.

Footprint in ash east of Mauna I ki remnant from the native trails of the eighteenth

century. Shows pisolites on the left and small stones on the right.' The natives

walked in volcanic mud of the time, which has since hardened. Photo 1931 by
Lewis M. Werth.
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TIle lines indicate approximate distances and ill
many cases not direct steamship routes. the beam
lines showing. ho ever. the commoner IOW'Cet of

ocean traffic to Honolulu.

Map of the Pacific Ocean. Attu Island is the westernmost of the Islands extending towards Kamchatka from Unalaska, and Aniakchak

in on the outer part of the Alaskan Peninsula east of Unalaska. Pavlof is still farther west on the Peninsula. and Gareloi is an island
midway between Unalaska and Attu.

Readers are request d to send articl s, photographs, publica­
tions and clipping about volcano and arthquak events, in­
struments and investigations, esp cinlly around the Pnciflc.

Subcrlptlon for non-m mbers two dollars per year of 52 nUm­
bers. Address the Observatory.
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with the former monthly Bulletin Of th Hawaiian Volcano b­
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walian Volcano Res arch AssocIation, on b half of the s ction
of volcanology. U. S. Geological urv y. It promotes experi­
mental recorJJng of earth proces' . The Volcano Letter is not copyrighted. Editors please credit.
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Lava floor of 1929 showing the large half-dome against the west talus left by the fountaining grotto of about July 25,

1929. This half·dome still protrudes at the edge of the floor left by the activity of November-December 1930.
Photo Baker.

REVIEW OF HAWAIIAN EARTHQUAKES 1929·1930

The Volcano Letter has recently reviewed the cycles
of volcanic activity at Kilauea, showing a tendency to
eleven-year periods, and indicating that the present
cycle began with the return of lava to Halemaumau pit in
July 1924. From time to time we have reviewed the earth­
quake frequency, showing that recently the Kilauea station
registers about 1,000 disturbances per year due to local
cause. The following was the record of 1929:

By weeks ending on the dates listed, the following
were the frequencies of local earthquakes for 1929:

Date Number for Week

Jan. 2, 1929 2 very feeble
Jan. 9 8 very feeble
Jan. 16 8 very feeble
Jan. 23 1 feeble

21 very feeble
Jan. 30 10 very feeble

otes

Some continuous tremor.

Several continuous tremors.

Less continuous tremor.

Feb. 6

Feb. 13
Feb. 20

Feb. 27

Mar. 6

Mar. 13
Mar. 20

Mar. 27
Apr. 3
Apr. 10
Apr. 17
Apr. 24
May 1
May 8

1 moderate
9 very feeble
7 very feeble

17 very feeble

3 slight
5 very feeble

1 slight
1 feeble
4 very feeble
4 very feeble

17 very feeble

20 very feeble
16 very feeble

5 very feeble
9 very feeble
8 very feeble
8 very feeble
4 very feeble

Felt Feb. 5 Hilo and Kohala.

Some spasmodic tremor.
Continuous harmonic tremor

Feb. 20 with outbreak of lava.

Tremor ended when lava
stopped Feb. 21.

Five prolonged t rem 0 r
spasms.

Seven tremor spasms.
Irregular very feeble tremor.
Tremor ceased after April 6.

Some very faint tremor.
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The year 1929 as 1" cord d sei mically above for Ki·
lauea. was notable volcanically for actual inflow of lava
at Halemaumau pit Febl'llary 20·21 and July 25-2 . aud for
snch subterranean disturbanc at Hualalai Volcano that
ill tens shaking affected the North Kona District and much
of the I land of Hawaii from Sept mber 19 to the end of

One indicating North Kona
origin.

Probably in Puna,
Probable origin. 'orth Kona.

Two indicating North Kona
origin.

Three indicating Tort h
Kona di tances.

Fiv indicated r\orth Kona
origin

One indicated 'orth Kona
origin.

One indicated • 'orth Kona
origin.

Ooe indicated • 'orth Kona
origin.

• 'orth Kona origin.
Thr e indicated, 'orth Kona

origin.
Three probably • 'orth Kona
origin.

'umber for "TeekDate

Jan. 12 7 '-ery f eble
12 tremor"

Jan. 19 5 very feeble
5 tremor"

Jan. 26 3 very feeble
6 tremor

Feb. 2 1 light
6 "l""ery feeble
7 tremor

Feb. 9 4 feeble
2 very feeble

tremor
Feb. 16 7 very feeble

16 tremor
Feb. 23 1 light

9 very feeble
13 tremors

Mar. 2 3 very feeble
8 tremors

Mar. 9 1 feeble
7 very feeble
5 tremors

Mar. 16 1 feeble
5 very feeble
9 tremor

Mar. 23 5 very feeble
2 tremor'

far. 30 4 very feeble
9 tremor

Apri. 6 5 very feeble
12 tremor

Apr. 13 1 very feeble
12 tremor'

Apr. 20 3 very feeble
6 tremor'

Apr. 27 3 very feebl
4 tremor"

May 4 5 very feeble
6 tremor;

fay 11 3 very feeble
11 tremor

May 1 vel7 feeble
11 tremors

May 25 1 moderate
2 feebl
3 \' ry f eble
5 tremorR

June 1 1 very feeble
[I tremors

Jan. 5. 1930 very feeble

the year. The e three events are clearly reflected in the
harmonic tremor produced by the Halemaumau eruption
at the Kilanea Ob en·atory. and in the great ex e of
earthqnake and tremor of all clas es which accompanied
the Hualalai di turbance b ginning with the week which
ended eptember 25. eismically the frequency and in­
ten ity of the Hualalai spa"m were both at a maximum
during the fir t fortnight and declined rather evenly there­
after. .'0 lava outflow wa determined a occurring under
the ea or anywhere durin the Hualalai cri i. If w
compare the sei mic record hown above with the earth·
quake freqency and in en "ity that accompanied the e '.
plo h'e eruption of Kilauea in :\fay 1924 (diagram Page
Four Yolcano Letter 1 '0. 32 I. it i apparent that the
sei mic maximum at Kilauea wa toward the end of th

ruptive period. and both frequency and inten ity in reased
a this maximum wa approached. There is good rea on
to think that the Kilauea team bla t· of 1924 were ocea-
ioned by an outflow under the ea. Therefore it 'eerns

improbable that any submarine outflow occurred at Hua­
lalai in 1929, for the sel mie behavior wa exactly the OP­
posite of that of Kilauea. It seems more likely that lava
flowed in under Hualalai with an upward pressure. splitting
open deep rift. and preparing for eventual outflow orne­
where to the north of the launa Loa center.

After this gradual dwindling of the Hualalai earthquake
at the end of 1929. it will b of interest to examine the fre­
quencies of local earthquakes at the Kilauea Ob ervatory
for 1930, by week ending on the date li ted:

'ote .

One tremor spa m.

Hualalai crisis dwindlin

Five indicated 1 'orth Kona
ori!!;in.

• 'orth Kona till feeling
hock.

Five indicated North Kona
origin.
Five indicated North Kona
origin.

Felt in • 'orth Kona.

Hualalai cri is dwindling.

Hualalai origin continue
active.

Hualalai origins continue
active.

41 prolonged tremors. Total
53 sel mie di turbances a
compared with 97 for the pre·
vious week. The orgin con­
tinued to be near Hnalalai.

Hualalai origins continue
active.

One period of spasmodic
tremor.

orne ontinuous tremor.

Yiolent earthquake di tnrb­
ance near Hnalalai. ome
long tremors at ei mograph.

Many more felt in • 'orth
Kona.

The t 0 tronge t shock
were eptember 25 and 0 tI}­
ber 5.

North Kona cri i declining.

'umerou tremor spa ms
July 21 aud harmonic tremor
a 'companing lava flow began
to be steady the morning of
July 25.

Harmonic tremor ended July
2 when foun tain wen t ou t of
action.

1 feeble
6 very feeble
3 very feeble
'j venT feeble

,ery feebl
16 ,err feeble

2 moderate One prolonged tremor.
e,eral very feebl
1 moderate One tremor spa m.
'j very feeble

very feeble
1 feeble

2 very feeble
2 feeble

16 very feeble
19 very feeble

'umber for \Yeek

Oct. 30 1 eeble
39 very feeble
56 tremor

TOV. 6 1 feeble
21 very feeble
35 tremors

TOV. 13 2 feeble
2 very feeble
32 tremors

'ov. 20 16 very feeble
12 trem'lr

·ov. 27 2 feeble
12 very feb Ie

1 tremor
Dec. 4 2 feeble

13 very feeble
10 tremor

De . 11 very feebl
9 tremors

Dec. 1 9 very feeble
4 tremor

Dee. 25 3 "l""ery feeble
10 tremors

.Jan. I, 1930 1 feeble
very feeble

May 22
fay 29

JlIDe 5
June 12
June 1

lay 15

Date

June 26

July 31 17 very feeble

Aug. 7 2 feeble
27 very feeble

Aug. 14 2 very feeble
Aug. 21 1 feeble

19 very feeble
Aug. 2 1 slight

16 very feebl
ept.4 15 very feeble
ept. 11 4 very feeble
ept. 1 1 feeble

very feeble
ept. 25 221 earthquake

and tremor

Oct. 2 244 earthquake
and tremor

Oct 9 129 earthquakes
and tremor

Oct. 16 97 earthquake
and tremor

Oct. 23 3 feeble
9 very feeble

July 3
July 1

J'uly 17

July 24
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The year 1930 as here recorded seismically for Kilauea
was notable as retaining traces of the Hualalai seismic
spasm in North Kona until March, and thereafter the seis­
micity may be considered normal as compared with past
years. Volcanically there was registered continuous tremor
accompanying lava outbreak in Halemaumau from Novem­
ber 19 to December 7 with one week in the middle of this
activity showing no local earthquakes at all. It may be
said that, except for phenomena of volcanic tremor and
tilt, the three lava inflow eruptions of Halemaumau in 1929­
30 were notably quiet seismically. and this characteristic
wa obsened in 1927 and at other times. Rising below a
sealed vent may make strong preliminary shocks some time
before the eruption, but through an open vent like Hale­
maumau the movement of lava does not make earthquakes.

The totals for the two years were 1,516 local disturb­
ances at the Hawaiian Volcano Observatory for Kilauea
seismographs in 1929, and 1070 disturbances for 1930 To
show the difference in a distance of 50 miles for a localized
seismic spasm, compare the 1929 figure for Kilauea with
the 6,211 shocks that were registered in the vicinity of
Hualalai between September 21 and October 16, 1929. The
Kilauea total for the same period was about 691 shocks,
many of them felt.

The totals of seismic disturbances at Kilauea per year
ince the explosive eruption of 1924 have been:

1925 _.._............ 922
1926 _. 177
1927 1149
1928 _ 1034
1929 1516
1930 _ 1070

Date Number for Week

June 3 feeble
1 very feeble
6 tremors

June 15 1 slight
3 very feeble
4 tremors

June 22 6 very feeble
7 tremors

June 29 1 very feeble
5 tremors

July 6 3 tremors
July 13 4 very feeble

4 tremors
July 20 6 very feeble

6 tremors
July 27 1 moderate

5 very feeble
4 tremors

Aug. 3 3 very feeble
10 tremors

Aug. 10 2 feeble
3 very feeble
5 tremors

Aug. 17 3 very feeble
Aug. 24 1 feeble

3 very feeble
25 tremors

Aug. 31 5 very feeble
31 tremors

Sept. 7 6 very feeble
26 tremors

Sept. 14 1 very feeble
46 tremors

Sept. 21 5 very feeble
49 tremors

Sept. 28 1 moderate
2 feeble
7 very feeble

23 tremors
Oct. 5 1 feeble

3 very feeble
25 tremors

Oct. 12 3 very feeble
17 tremors

Oct. 19 1 moderate
2 very feeble

17 tremors
Oct. 26 1 moderate

1 very feeble
57 tremors

Nov. 2 1 sight
3 very feeble

42 tremors

Notes

One probably Hualalai.

Strong in North Kona.

Several tremors notably at
Halemaumau.

Several tremors.

Date Number for Week

TOV. 9 1 feeble
44 tremors

Nov. 16 10 very feeble
48 tremors

Nov. 23 1 feeble
8 very feeble

24 tremors
Kov. 30 None

Dec. 7 2 very feeble
4 tremor spasms

Dec. 14 3 very feeble
33 tremors

Dec. 21 1 feeble
3 very feeble

36 tremors
Dec. 2 1 feeble

42 tremors

Notes

Harmonic continuous tremor
accompanied lava outbreak at
Halemaumau November 19.

Harmonic volcanic tremor
continuou along with lava in­
flow at Halemaumau.

Harmonic tremor and lava
action ceased December 7.

The vast lava pit of Halemaumau taken from the high western bluff of Kilauea Crater. This is the pit the bottom of

which has been gradually filling since the ~remendous engUlfment of 1924. Photo Baker.



Pag( Four THE VOLCANO LFTTER

The high total of 1926 was due to the Mauna Loa erup­

tion in April, just as that or 1929 was due to the seismic

spasm on Hualalai. It is of interest to note that for the

20 days of this Mouna Loa eruption the maximum of both

frequency and intensity of earthquakes was reached during

the first week in the registration at Kilauea, and in this

it was similar to the happenings on Hualalai, and in like

manner was contrasted with the seismic record of the

Kilauea subsidence and steamblast eruption of 1924. This

is further evidence favoring the supposition that the Hua­

lalai disturbance marked an upward lava pressure which

suddenly disrupted the mountain by intrusion of lava which

has not yet been evacuated.

It will be seen that the average of the last six years
at Kilanea is 1278 local disturbances per year, including
tremor spasms, whereas the record from 1914 to 1925. in­
clusive, (Volcano Letter No. 54) showed an average per
year of 1022 local earthquakes, wherein all the tremor
spasms were not counted, and wherein also the very excep­
tional total for the year 1924 of 5877 shocks was included
In general the figures for the eight years of continuous lava
activity in Halemaumau pit between 1914 and 1923. in­
clusive, omitting 1916 and 1919 when Mauna Loa intro­
duced complications, averaged 410 local shocks per year,
which is less than the average at the present time. The
figures are not strictly comparable as the listing of tremor
spasms greatly increases the totals at present. Neverthe­
less it appears certain that free lava flow in the pit causes
a decrease in numbers of earthquakes. T.A.J.

KILAUEA REPORT No. 1032

WEEK ENDING NOVEMBER 1, 1931

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

Crack measurements on October 26 found no changes.
Two new mea'Suring points were marked on the northeast
side of Halemaumau, where freshly broken ground was dis­
covered on October 24. By October 31 one of these points
had moved open nearly one-half inch. Fume and
steam were absent. On the 27th both fume and steam
were fairly thick after rain. Conditions at Halemaumau
were quiet seismically. The pit was visited on the 29th
after a felt earthquake at 5: 45 a. m., and fume appeared
strong and steady. There was no apparent avalanching
from the shock. The seismograph at the pit showed tilt
away from Halemaumau, which would appear to indicate
tumescence. A second felt earthquake occurred at 11: 34
p. m. October 31.

The records from the instruments at the Observatory
were obscured during the daylight hours by artificial
tremors caused by road machinery. There were also num­
bers of disturbances from blasts. Forty known tremors
were counted, and 16 that were either artificial or natural.
Of three very feeble seisms, one was very local and an­
other was probably from Mauna Loa. Two feeble shocks
were felt as noted above. The first showed distance about
five miles from the Observatory and the second about 10
miles. Parts of two distant earthquakes were recorded
feebly November 1 at 2: 12 p. m. and 11: 45 p. m.

Tilt for the week was slight WN',v. Microseismic
motion was moderate to heavy.
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Interior of Soufriere crater, St. Vincent. from southwest rim May 31, 1902, showing boiling pools in the bottom after
the great eruption of May 7, 1902, and before the later eruptions, which tended partially to fill the inner bowl with
ash surrounding a circular lake at higher level. This filling followed a series of geyser·like gushes in March 1903.

Photo Jaggar.

THE CRATER OF SOUFRIERE VOLCANO

A remarkable feature of the volcanic eruption in the
aribbee I laud made famou by the de truction of t.

Pierre by the volcano PeMe in Martinique in 19U2, wa t Ie
fa t that a :n-eat steam·bla t eruption at t. Vincent, 100
miles south of Martiniqu . occurred at 1: 30 p. m. ~lay 7,
19 2, and the next mornin~, about o'clock, occurred th
catacly m at ~lont Pelee. There wa clearly ympathy
along the subterranean rift above whi h the line of i lands
ha been built. The writer vi ited both volcanoes in ,lay
19U2. and \\'a with the fir t party that made the a c nt
of oufriere Volcano on .lay 31. He made a ketch map
of the crater and a photographic panorama reproduced
herewith. We shall here examine the evolution of this
'rater, which contained a lake before the eruption or :\lay
7, howed boiling water in the bottom immediately after·
ward, and l'efilled to about the former lake level during
the following year.

It may be well at the outset to de cribe the crater as
it appeared during our visit of May 31. We ascended the
mountain following the spurs which had been swept bare
on the southwest side. The mountain is a rugged cone

deeply trenched by radial gorge and charted as being 404
feet high. The old lope had been steepened by rapid
wa h and land lide • the luxuriant vegetation wa wept
away, the lope were furrowed with feathery pattern of
rill drainage cut in the muddy a h covering, and each spur
wa lik a very teep roof with a mooth pathway along
the divide and ero ion corrugation at the ide, Here and
there hUl!:e 'tump remnant from the former jungle lay
prone or jutted upward with limb charred and harpen d
to dagger point by he volcanic ,·and-bla. t. At 1610 feet
elevation the mooth pur chan ed to a teep tumble of
mud clot, ometime kn deep and ticky, with hlock
of rock two feet or more in diameter scattered about by
th eruption.

After nearly three hour' of climbing we came to the
crest aud looked down into an enormous caUldron, almost
circular, showing on the opposite side a wall striped with
horizontal band of columnar intru ive lava, and the peak
of th mountain b yond rising high into team
clouds. On the right was a black precipice falling
away 2,000 feet almo t sheer, and on its face
there purled upward from the bottom a long, noise-
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less column of steam whi h broke away in billo-ws. Down
at tile bottom wa a pal green muddy pool ending up a
hundred tail of -team and boiling ,igorou Iy. On th
oppo. 'te • hore of the pool spring from the wall trickled
aero: a flat making red and sulphurou tain_. and uniting
into a brook which had built a small delta. The middle
band. in the wall were of gray lava, one of the e howinJ("
a funnel, haped ection a though the lag had filled an
upri!!=ht fi .... ure that prea'l out above into a drooping mush,
room. Farther down ther were reddi h brown tulI. made
of fragments Alar e dike flll d a fl ure from bottom to
top of the wall on the left, and at the top the northern
crater edge was een to be backed by a higher ridge. B,
twe n the two occnr th crat I' of 1 12 which Ie a ub,
idlary cup or fiat that wa fill d with debris b~' the erup­

tion of 1902. Th e featm'es may be een in the photo'
graph on Pag-e One. Th hottom of the crater wa 2fi50
feet below the highest distant summit, and 1660 feet be­
low the rim. The upper diam tel' is 4 70 feet, and the
western rim where the photog-raph was taken stood 2735
f et above sea level. The old chart indicated 2U13 feet
for this ele\'ation. The figur !'\ here given were obtained
by roug-h ang:ular mea urement. from the ends of a ba 'e
line paced off on the edge of the crater. The ea tern rim
of the bowl stood over 2000 f et above the boiling pool.
Thi pool was about 1200 fe t acro from ea t to we t and
wa ince antly changing. It i probable that the o\'al
of the crater had a ~eater dimen ion of more than a mile
diameter north and outh. The north-northwe t corner had
been blown away or had collapsed 0 a to notch the rim
outward. The column of team 1'0 e from a point outh
1 degree' ea t from the center of the cauldron and wa
about 50 feet wide. The ba e of tile team column marked
that part of the lake which wa in mo_t violent ebullition,
sputtering fiercely and occa ionally nding up purt of
black mud and rock fragments a few feet ab ve the bot­
tom of the crater. Jets of team wert:l seen to come directly
from rock fI sure_ on the outhern side. The level of the
lake was about 1100 feet above the ocean and some 00
feet lower than the lake surface that existed in thi crater
before the eruption. The pool of boiling water appeared
shallow, for the slopes of slide rock shelved off into it at
low angles and mud islets rose in tlle middle.

The crater lake of the Soufri re, before the eruption.
was described as a pearly gr en sheet of water, et in

loping verdant crater wall, melling of sulphuretted
llydrogen, and the water wa cold. A native trail cro' ed
the mountain and peopl had bathed in the lake. The
level of the lake ill'face was 1.930 feet, so that the outLern
wall over the water had been 1100 feet high, and the
northern about 170 feet. Ther wa no known outl t.

oudings of 43 fathom near the hore and about
fathom n I' the center indicated that the bottom of the
depre sion had it deepe t part to the north of the center
and the bottom mu t have been over 1600 feet below th
.outhern lip of the crater. In other wOl'd . the rock bottom
left by earlier eruptions wa' not very dilIerent from what
the 1912 eruption produc d. The former crater wa. de.,
crib d a nearly circular. with it- northern lip 3623 f et
aboye ea level and about 6UU f et higher than the .'outh rn
lip. The dge of the ('rat I' had heen an irregular knif
edge with iuward and outward slope· both of from 30 to 40
degrees, and the crater d PI' ssion \\'a due to engulfment
and 1'0. ion. It had not b en difficult. with the aid of
bushes and small trees, for pa:ser ',by to de c nd to the
ed/?: 0 f tile lake.

The eruption of May 1902 di rupted the bottom of
this cauldron and somewhat enlarged it, but the small
crater under the cr scent ridg on the north took no part
in th m. The pheuoll1 nn were quite like those of Mont

Pelee, gigantic cauliflower cloud, a down blast at the outh­
we t, hea\'y accumulation.' of broken rock. and. and dust
50 to cO feet deep in the ~ulch . and thi material 0 hot
that the ub equent revi\'al of 'prin!!' water made explo-
ion. in the ,alley. where the ,'tream made contact with

th bank of hot grayel. The. e banks were cru ted o\-er
by a hell of rain mud which tended to retain the heat.
Down orne of the gulche' ther were doubt'ies combina­
tion of flood and bla L similar to tho e de cribed at anta
.Iaria in 1929 (Yolcano Letter. -0. 3561. Glow appear" to
hay be n een above th crater in certain eruption, and
we may conclude that J("lowiug ma~ma lay under the crater
lake, but it ne\'er reached the tage of lifting a crater plu
a on nIont Pelee.

Ju t after a notably disa trous explo ion of Pelee
Augu t 30. 1902. oufrei'r followed with a damaging erup,
tion that took no li,e . Thl' 0 'curred on September 3 in
a 'erie of pul ation with d tonations. They reached their
climax in 20 hours, sending up a black cloud alive with
electric di plays and accompanied by some earthql1ak '.
Mud flowed down on of th "alley and there was a hea vy
fall of ash to leeward. An inspection of the crater Septem­
ber 22 showed newly eject d blocks down to 400 feet below
th summit. the great pit was 150 feet deeper than it had
b en, the lip had been lowered on the we t, and bank of
a!'\h were piled against th northern and ea tern wall .

team 1'0 e from a fi sure at the outh. At the bottom
was a small lake of ston . 0101' d liquid in ebullition and

nding up steam cloud.

An inten e eruption occurred October 14. 190_, with
preliminary cloud of dust,laden team and the rumbling
of avalanche at. p. m. follow d by "iolent detonation at
midnight. By 12:311 a. m. "a ball of fire" wa followed by
an incande cent hurricane, or cloud. or bla t, down the
Larikai ,alley we t-northwe t from the crater. At hatean
Blair southwe t of the volcano ·tone began to fall about
2 a. m. October 15 and continued for two hour alon with
trong electrical di play and the rumbling of thunder.
Iud fell at 2 a. m., the d tonation died away at 5 a. m.,

there were everal earthquake hock, and yolume of du t­
ladeu vapor 1'0 e from th crater for two day. Du t wa
carried to Barbados. and coarse debri fell to windward.

An a cent of oufri re October 2 , 1902. was made, and
volume of steam were found rising from the crater.
'umerous cone of a hes were being throvrn up to a height

of 40 feet over a fissure clo e to the outhern wall. and
the lake was boiling near the center.

A phenomenon of interest November 26, 1902, was a
mud flow down the Rabaka River which leads from under
the crescent summit of th mountain to the southeast, a
an extension of the Lal'ikai valley on the opposite side of
th volcano. Thi river had b en completely blocked by
a h avalanches during five months of heavy rainfall. Prob­
ably a lake formed in th higher reache of the rir r.
"'hen the dam broke. two raging steaming torrent de­
cended the valle)'. de troying the remains of a ugar mill,
and blo king up the old stream bed near the ea, so that
th river now run in a n w hannel to the north of the
old one.

An examination of th crater by apper February 6,
1903. howed that land lid had deepened the gap at the
north, that the diameter of the rater was 132U meter',
that the longer diameter wa ,,-. '"\V-E E. and that the lake
had dimen ion 540 by 34U met rs and it height abo\'e sea
lev I was 5 5 met I' or 1919 f et, agreeing with the old
chart. In other word. the wat I' had come back to the old
le\' I. The lake water wa boilin!i:' in the center and at the
•outhea. t corner.

There was not much saddl left be ween the north rn
c-raterlet and the big pit, thi. I' g-ion was deeply CO\' red
with ejecta. the smaller crater contained a shallow lake
230 feet in diameter, and fumarole. were found in the main
rater rim in two place. It i!'\ an intere ting: and unex­

plained condition that in both Pelee and Soufrii~re there
ar main crater. forming- profound pit. well below the

urn mit on une flank of the mountain, just a at anta
l\Iaria in Guatemala. and minor flat cups containing­
ephemeral shallow pond!'\ clo!'\e to the f'ummit. Apparently
the gr at acth'e craters are on a radial fracture line and
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the litlle summit cups are adjacent to an old oullyinl1; lip
ot 'ome tormer engullment. a at lIIonte omma on
Ye uviu .

Lacroix and IIo,e~- vi ited ou[riere crater March 3.
1903. hot mud ejection: upward througil the rater lake
were happening from time to time. and the e a~ piloto­
graphed by Lacroix tron!?;ly I' call tile mud gey 'er e,"plo­
'ion ot tbe \,aimangu crater in , -ew Zealand. A udden
de ceut of a torrent of mud wa een in one of the w st rn
valley. The condition o[ th slop s was un table and a
cloud bur. t could ea ily produce pilenomena of this kind.
Avalan he were falling at the crater. there wa an in­
cr a~e in quautitie ot mall. tOile and large ejected blo k.
of old rock ou the lopes outside the crater. and the water
ot the lake \Va" quiet ancl yellow with mud between. p lis
of bullition. \\hen agitated it became more gray in color.
The geyser-like gu h which was photoll.Taphed aro e from
the center ot the lake a a mass of inky mud ntangling
blocks of rock. One photograph show it a seen from the
south-sou thea t rim in proc - of rising. like 'heaves ot
1'0 kets. with upward jetting shreds in the profile and
rounded undefsurtaces to ach sheaf. At this stage it wa
a thousand meters high above the lake. A photograph
made 20 . econds later shows the node expanded in to

t am cloud and the I eginuing or howers of backfall.
The ma" o[ mud. whicil 1'0' noi Hy. tell heavily back with
a roar. [ollowed from b 10'" hy a fl'esh column of vapor.
A heavy hower of mud felI at th rim of the crater.

The e explo ion ,,-ere I" n 50 mile away. and were pre­
cur '01' of the la t con iderable eruption. Hovey. who had
'een the crater in 1902. comment on the rapidity of 1"1'0 ion
ince the iiI' t eruption. e. timate that 25 million ton had

been carried out to ea by the one valley \Yallibu at the
southwest. and note' many ande ite bomb up to three feet
in diameter among th jecta.

On :\Iarch 21. 19u3. oufriere crater emitted much
team. on larch 22 at .: n a. m. an explosive black cloud

app ared, of caulifiow I' hape. ri ing to a trem ndous
height and then pa. ing away in all direction. D tona­
tion' cea ed about 10 a m .. hut there were later noi e from
tbe crater and there were 'everal earthquake. durin!?; the
morning. Du t-Iaden vapor 'ontinued to ri e for nine da)- .
A few incbe of c1u t had fallen at the we t coa t, and 20
feet of new gravel in one of the ravines. with a hot bomb.
weighing 75 pound . on top ot an a h layer. orne illumin­
ation at the crater was seen on the evening of March 30.

A \'i itor at the bee;inning of April 1903 describ d the
in id of oufriere crater as l1an~ed in app arallce with
the bottom filled up with chocolate-colored ash to about
the olel waleI' level. In the cen t r of thi new deposit was
a narrow fnnnel, wbich ~rac1l\ally widened in later month.
The outbern lip of th ('rat I' had been built up with new
asb. much of the north a tern wall had caved in, and fi ­
sur • in the new bottom depo it were teaming.

In the "prin~ or 190. Tempest Anderson revisited

Soufriere Volcano looking northeast, showing the mouth of Wallibu River in foreground and the ruins of the sugar

mill, after the eruption of May 7, 19<12. The steep sea cliffs were produced by submarine landslip, and Richmond

village was buried under 45 feet of hot gravel. This hot gravel shows white under a coating of wet sand, and up the

river the stream water produced incessant explosions in contact with it. Photo Taylor May 31, 1902.
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Profile section and map of Soufriere crater made by a sketch survey May 31, 1902, by T. A. Jaggar. Vertical and

horizontal scales the same, 0.64 mile to the inch. Bottom of crater 2550 feet below summit, 1660 feet below rim. Dia·
meter crater lip 4870 feet. Coast benches east 60 and 200 feet above sea level. Depth of ocean in profile 125 fathoms

east, 530 fathoms west. Profile on line north 66 degrees east.

N
W

• '. 'E

W
E.G.W.

oufri re (Report on oufri re, Part I, 19 3, Part II, 190 .
Phil. Tran . Roy. oc. Lon., Vol. 200 and 204), and from
hi review much of the above is taken. He obtained a
new and excellent picture of the inner a h terrace of the
crat r bottom and the enlarged funnel, containing the lake.
reo tored a a circular pool. The topography wa a repre-
ented on the older chart. The waIL are nearly vertical.

con I ting of alternate layer' of tutI and compa t rock
dipping outwards from the rater. The rock layer ar
either lava flow or intrusive heet, and two dike were
een cutting them. One layer i several hundred feet thick

and olumnar. The broad bench around the lake, form d
by the ejecta of .Iarch 19 3. I wide t on the north and
ea t, and ha a talu forming on it by fall from the cliff's
above. The lake i omething over half a mile in dia·
meter, of uniform light green color, about the level
indi ated in the old charts, which is pre umably the ground·
water level of the mountain. A very little vapor was een
in 1907 from two pots neal" the foot of the crater walls
outh and ea t. Th re appeared to be more stone on the

ground northeast of the crater than elsewhere, and the
deposit of new ash a few feet thick on the southern lip
wa deeply trenched by rain rills and sloped inward evenly
at 30 degrees. The npper section of We nOl"thern walls
shows continuous tuff bed, while the lenses of andesite
below interlock, hke a pile of flat fish. (See cnt Page One.)

T.A.J.

TILTING OF THE GROUND FOR OCTOBER

The following figures show the net amount of tilt by
weeks at the Observatory on the northea t rim of Kilan a

rater, and its direction, comput d from he daily el mo·
gram by platting a urve -moothed by overlappmg ev n·

day average. This i the departure of the plnmbline in
cond of arc, in the dir ctlon iven.

eptember 2 ·Octob I' 4 .... 0.4
October 5-11 _ _.. _ _ 0.1
October 12-1 1.9
October 19·25 _ _....... 0.5
October 26-. 'ovemb r 1 0.3
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ection of Yolcanolo~y, . Geological urvey
T. A. Jaggar, Vo!canologi t in Charge

onditions at Kilauea are quiet. Crack point ~o. 25 on
the northea t rim of Hal maumau continues to move open
steadily at the rate of about one·half inch per week. Du t
from an avalanche was obs rved from the Ob ervatory at
1: 50 p. m. ovember 3. Fume and steam were ab ent from
Halemaumau except on Nov mber 4. On this day in thick
fog and mist fume showed steadily at the central sulphur

pot, and steam occurred on both the south taln and
southeast rock slope.

Road work near the Obseravtory has lessened so that
there are fewer artificial disturbances on the record .
There were 59 tremor • a few probably of artificial origin.
Th re were no other earthquakes of any cIa

Tilt for the week wa moderate E. Micro ei mlc mo­
tion wa moderate at tbe b ginning of the week. increa ed
to trong on the 3rd, and decrea ed tbe following day to
moderate [or the remainder Of the week.

cano. also at Hilo. and at K alak..kua in Kona District. It
k ps a journal of Hawaiian volcanic activity and publish 8
0<" ••'ional Bulletin .

.l..mllership in th· Hawaiian Yol -ano R s arch Association Is
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aill In supporting the work.
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with the work of the Gnit <1 ~tates G ological urvey, but sup­
pll·m nts it with buildings, r' arch f 1I0ws, instrumental plants,
explorations and special Investigations for which there Is no
gOY rnmental provision. The Geological Survey maintains vol­
cano stations In Ala. ka, allfornla anrl HawaiI.

The Board of Director' In ('Iud 's Frank . Atherton and Walter
F. Dillingham. Ylce-Presid nts; L. T nney Peck, Treasur r;
Wade 'Varren Tha)'er, Arthur L. D an, and Richard A. Cooke.

Pl'rsons desiring appll ation blanks for membership ($5.00 or
more) should address the l' tary, Hawaiian Volcano Research
AssoC'fation. 320 James Campbell Building, Honolulu, T. H.

THE VOLCANO LETTER
The Vott'ano Letter combine the earll r we kly of that name,

with the former monthly Bulletin of tht: Hawaiian ,"olcano b­
8 rvatory. It Is published w kly, on Thur. day, b)' the Ha­
waIIan Yolcano Re arch A, oclaUon. on behalf of th ection
of volcanology, U. . Geological urvey. It promot s xperi­
mental recorJlng of earth proc ~ s.

Readt>rs are request d to st>nd artlclt>s, photograph , publica­
tions and clippings about vol ano and earthquake events, in­
struments and investigations. specially around the Pacific.

Subcrlptlon for non-memb rs two dollars per year of 52 nUm­
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Founded 1911

This laboratory at KUau a Volcano belongs to the HawaIIan
Volcano Research Association and is lea ed and operated by the
United Statt>s Geological Survey.

It maintains seismographs at three places near Kilauea Vol- The Volcano Letter Is not copyrighted. Editors please credit.
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Map of Mokuaweoweo in 1926, topography by E. G. Wingate, scale 1 inch to the mile, contour interval 50 feet out­

side of the crater, contours largely omitted on the inside. Shows the arrangement by which the crater is a group
of coalescing pits in a straight line.

THE CRATER OF MAUNA LOA

The summit crater of Mauna Loa is a sink-like depres­
sion or caldera at the meeting point of two fissure belts,
the one trending approximately S. 30' iV. [rom the south
end of the crater, th other N. 65' E. from the north end
of the crater. The crater itself extends these fractures
into it we fern walls, but if the walls were considered
extensions of the rifts they would each have to be bent
westward, for the west wall of the crater in plan makes
an angle of 120° 1.5 kilometers to the northwest of the
center of the caldera. The meeting point of the two larger
rift ystems on the mountain is really at the north embay­
ment of the crater, making an angle as indicated by the
above trends of about 145°. The southern rift therefore
really extend the whole length of the crater in the direc­
tion following the line of pits N. 28° E., thus departing
from the northern rift belt 37°. As shown by the modern
map on Page One (D. S. G. S. Mokuaweoweo quadrangle)
the crater Mokuaweoweo as the summit crater of Mauna
Loa is called by the Hawaiians, really consists of five
depressions, of which the econd from the north is the
large caldera: and this in turn is made up of three parts
described as the north and south lunate platforms, and the
central more or less circnlar sink with a group of cones
in the middle. It is debatable whether tbe two lunate plat­
forms were ever themselves separate circular pits in the

history of the collapse and merging of the row of pits
which has created the crater. It seems likely that they
were, for tages of growth of such merging are represented
by the order, south pit, north embayment, north lunate, and
south lunate. progre ively more and more obliterated as
distinct circles.

It will be remembered that the Kilauea Crater is at a
rather sharp angle between the eastern row of pits and
the southwest rift. In like manner on the map of Hawaii
the Mauna Loa crater is at a very open angle off to the
west of Kilauea, between its northeast and southwest rifts.
Both are inks or subsidence cauldron at the apex of south­
ea tern sectors of the respective domes. The resemblance
o[ both in detail to the craters on the moon, when due al­
lowance is made for scale and gravity differences, will be
discussed in another place. In both Mauna Loa and Ki­
lauea the cauldrons lie immediately under the summit
points, which in each case stand at an angle of the western
wall. The generation of the largest summit pit, therefore,
by pulsations o[ riRing and sinking lava, and the overflow
o[ that lava, is directly related to the highest heaping of
the lava pile.

In Volcano Letter 325 and 326 the cycle of 132 years
in Hawaii after 1792 suggested a building up of increasing
lava outflows to 1 58, a decline thereafter to 1924, and
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throughout the cycle a tendency to big collap es occasional­
Ir which may have been produced by ubmarine outflow.
It i· or intere't to examine the old map or l\Jokuaweoweo.
the greater center of all thi. llcti\-it~-. to di co,er when it.
floor built up. and when it ul> Ided.

uch Imperfect map a xl. t have been collated by he
writer in four drawing on Pag , Three and Four. reduced
to a common scale. and drawn d h contour of 211 meter'
int nal. The four mappine:, were by Wilke in 1 41.
Lydgate in 1 74. J_ "1. Alexander in 1 .5. and B. Fri d'
laend I' in 1 ~6, To the ome detail' ha,e been added
from ketche by other ob. en'er '. n Page One ire­
produced the map abridged from 'Yingate on the engra,-ed
heet of the U. S, Geological 'urvey to how without th

original details the outline of 1!l2. In the Wilke map of
1 41 the original summit ele,-ation ha been retained on
the ground that total sub idenc wa probable in the half
centUl')' following, and in any ca e ~'ilkes reported a
summit point farther north than Alexander, at the main
beml or the west wall where there was ubsequent cal'ing
in. The other maps on Pages Three and Four are drawn
to onfor111 to the Alexanl l' summit level. Lydgate' map
of 1 74 appears disproportionately large, and the ize and
depth of the south pit is dubiou [01' both Lydgate and
Al xander, but it may hal'e I> en deeper than it i now.

The north embaym nt in 1 41 contained a pit at it
western end; in L 74 it wa a- a whole an elongate pit;
after 1 5 it contained a pit at it ea tern end. The main

auldron contained chan ing mall pit and cone and lava
lake. The con picuo;)' hane:: in the crater which the
map how are a breaking back of the we tern wall to the
main fracture originally indicated by ~'ilkes, and a pro­
nounced deepening by 'ub id nc between 1 Hand 1 74.
followed by filling of the bottom thereafter. and overflow­
in of the two lunate platform. lJy thi central fillin . That
the wall cave in wa I' ported lJ~' tearn in A.ugu t 1. ~4_
Thi~ wa ju 't after the gr at oHap e at Kilauea (L. . G.

. 'Yater- upply Paper 6161: "Durin!!;' the week at the
summit a\'alanching of rock from the wall wa common,
e. pecially on the ea t ide, and made climbing in and out
of the great caldera dan!!;'erou,. At 1_: 10 a. m. AUlW, t 23
two mart earthquake hock' were felt in quick succe ion.
Th first shock had inten ity 4 R. F. and the econd in­
ten ity R. F. The camp wa 40 feet from the rim . E .•
and when the earthquake occulTed ton of rock avalanched
from the wall in front of til camp. ending up a cloud of
dust that wa clearly vi ible in th starlight. Other aval,
anches were heard thunderin~ to Ul bottom of the caldera,

pe ially a , hart distancE' northea t o[ the camp. In the
m01'lling the pa'lS to the floor, a quarter mile northea t of
the camp, was no longer I' cO~J)izable. A thin s ctlon of
the rim had fallen down and left a vertical cliff, and a n w
crack several hundred f t long' and Ol-er a foot wide had
op<>ned a few yard from tb brin k. Avalanchin!!: wa fre,
quent all that day, especially at east pit."

'Yilke made the crater a line of four pit and two hi!!:
platform '. and the circularity of the main cauldron wa'
never afterwards 0 mark d, and it wa then the de pest
pan o[ the crater. The fioor of the cauldron wa made of
flat heet of paho hoe. with ridge 3 to 15 meter- high.
many fi 'ure trending. '" 'E" and ome deep cha m .
\'ilke ho' acre c nt -carpment concentric with the

main cauldron in the urfa e 1'0 k of the country eparating
th outh lunate platform from the outh pit. Thi" do
not appear today, and i' ot int reo t in connection with th
l"outhea:tern plateau shown on the modern map (Pal1;
On ), hounded by un'ed fracture. on the east and J:;onth.
which ug-ge ts an old greater crater that ha been filled
up on that side, If the, e fracture _'tended around to til
,outbwe~t, they have b en ohlit rated by later fiood ot
hwa. and the crack • hown by "'ilke was one of them.
]u the 'outb pit ~'ilke, counted 70 horizontal layer:, a
ea cade of frozen lava ext J1(1 d from the lunate platform
of the big crater into th >louth pit. and a great 'Iteam
<Ta k extended down the mountain outbward, and other
tr nded northeast. The only activity wa vaporing, spec­
ially on the west side o[ the floor of the main cauldrOll,
and \\'i1kes mapped 14 cinder cones. one of the inner on s
heing 61 meters high, "'ilk s indicated the cracking, th
iava spntter that buill con " the COli centric subsidence
that built pits, and the sinking fault blocks that connected

the pits. He showed that the in-breaking area wa a wide
i 'ocele triangle with hin e line at the outhea t and
apex at the northwe t.

Lyd ate' urvey 33 y ar' after Wilke, followed five
outflow and al 0 the e-reat crl. i of I" 6 when "Jauna Loa
had tarted anew. alter an unknown inter,al. to di cbar e
la\'a from it low southern, lope,. The we tern wall of
the cauldron is a third hi h r. and tlle ea tern wall twice
a. hi h a in 1 H, everance in 1 70 had reported the
ea tern wall till higher (366 m tel'_ l. Lydgate r port d
a maximum depth of 3~u m t r. Tbe outhern pit wa
lare:er and deeper than that reported by ~'ilke.

Th northern embayment had become a Ion!!;' elliptical
pit with two cone' on its floor. and Lydgate's report
indicated two cone in the main cauldron also. Th
lunate platforms had :unk d ep I' and changed proportion .
A lie\\" outhwest extension of th main crater floor con­
tained the active lava pool of June 1 74. 153 meter iu
diameter, and the cene o[ lava fountains for year after
1,72. The tloor was rising owing to repeated overflows,
and the crisis of 1 6, app aI's to have been a turning point
from 'rateral subsidence to upbuilding of the floor. A
sub idence of 27 met rs for the ummit of tbe mountain
(ba ed Oil Alexander 1 5) i quite conceivable, if there
wa a inking of approximately nine square kilomet I' of
crater flooring to a depth of IOU meter between the lim s
of ~'ilke and Lydga e. Th re was 25 year of outflow
from 1 43 to 1 6 . implying withdrawal of matter from
within the mountain. At least 165 kilometer of la 'a flow,
mea. ured longitudinally a radial ribbon of varying width.
~\'a - di charged down the mountain slope, ub iding cre t
of the dome may follow. ub idence of crater floor due to
relief by outfiow in xc . of that balance of pl-e _ure of
rising la ....a. which by ill intru iou might keep the crater
stationan'.

The que tion of actual heie:ht of ,lanna Loa i import­
ant, for thi' .ummit ol-er live lal'a certainly fluctuate' over
pring intru ive magmas which recurrently exude
through fi. ure, "lenzie in 17( 4 made the ele'-ation
13.564 feet (4134 me er'l; 'Yilke: 1 H made it 13.750 feet
(41!l4) meter ): Alexander 1 5 made it 13,675 feet (416
meter 1. "obtained with a ph rical ignal on the ummit
accurately determined by triangulation from more than 20

tations on !\launa Kea. Hualalai, and in outh Kona." The
1'. . Geological Survey (P. oa t Survey data) mad it
13,G 'u feet (4170 meters) by PI' cise level from Hilo tide
guage in 1926. showing stationary conditions aft I' 1 5.
Apparently the summit ros lJ tween 1794 and 1 41, and
sank between 1 41 and 1 5. Ther may have been some
vast outflows of Mauna Loa in th last half of the eigh,
teenth centmy prec ding til great Kilauea eruption of
1790, which accounted for the low level of the ummit
mea 'ur d by !\lenzie .

In July I, 0 Brie:ham l' port d at l\Iokuaweoweo fre h
la .... a .pread over th c ntral floor, obliteration of the inn I'

wall of the lunate platform. talus uggesting recent arth­
quake. and a lava flow away from the crater on the 'outh­
we:t rim which came from tL ures near the brow of th
cliff, The flooding of the ummit crater with la\-a from
1 72 to 1 76 wa. accompani d by repeated laking", crat I'

flows. aud fountain .. and no recorded outflow. excep that
in 1 77 there wa' a :ubmarine lava flow at Kealakekua
B:n·. The lava flow of 1 1 produced - linear kilom tel"
of ',treaming. tartin in. 'o\'ember of 1 ,0 after 'ummit

ffu'ion,,; in the prine: ot tila y aI', and taking it, origin
on th northea. t rift H' km. E" 'E. from the north emlJay­
m nt of "lokuaweoweo and 335u meter above ~ea I \-el.
There I. a large pit crater wh re thi flow emere-ed, and the
lava dh'ided into two treams. one flowing toward Kilauea.
the other toward l\lauua Kea, and thi latter ae:ain divided
and it. longer arm reached Hilo after nine month, of
activity.

Alexander in 1< 5. lev n y aI's after Lydgate, mapped
~I' at change of building lip. The outh pit wa malleI',
filled by lateral inflow from wall fissures and from th
gat way. Tbe outh lunat platform had les reli f and
was smaller. A fl' sh lava flow had poured across the
platform into the 'outh pit and lava cataracts from cliff-
dg fi sures had flowed onto the platform. The main floor
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had been built up to new high levels from a vent in the
southwest corner. This vent migrated northward 600
meters after 1874; the lava filled 100 meters of depth on
the north and east, 80 meters on the west, and 40 meters
on the south. The floor apparently sloped away to the
northeast from a lava lake at the south just as at Kilauea.
The walls had changed, but the northwest angle at the
high summit remained the controlling feature of the crater.
Alexander saw vaporing from hundreds of cracks in the
floor, from the cone at the southwest corner, and from the
wall fractures at the heads of the lava cataracts. The
floor cracks were streaked with sulphur, the cone was of
hot friable lava and pumice 43 meters high, north of it was
a solidified lava pool surrounded by a rim six meters high,
and the lava of the greater crater floor was pahoehoe. The
north lunate platform was overflowed, the promotories had
crumbled back. the northern embayment had changed to
become a second and higher platform, the western cone
was replaced by a lava flow, and the eastern one by a
circular pit 183 meters deep and 305 meters across, with a
central cone on its floor emitting vapor.

·Wood in 1915 (Am. Jour. Sci. May 1916) describes the
changes since 1885 as a building up of the floor, submerg­
ence under lava of the lunate platforms, and as products
of the floor eruption of 1903 a central cone and lava flow,
with a NNE rift east of it representing the fresh cones of
1914. The lava flows of 1914 on the floor had covered large
portions of the two platforms and the central cauldron.
Wood mentions blade lava of extraordinary quality unlike
anything in Kilauea, the blades characterizing the texture
of the surface of both pahoehoe and aa. Stearns in 1924
indicates the geology of the crater as distributing fresh
recent lava, mostly since 1832, all along the line of the
crater pits, this widening out into fans of flows at the NNE

and SSW slopes of the mountain. He mapped fissures,
spatter cones, cinder cones, pit craters, faults. water and
ice holes, trails, and fumaroles. The principal scene of
eruptions in Mokuaweoweo is a fissure zone about one and
one-half miles long extending northeastward from the
southwest side of the main crater, and along this zone lie
chains of cones. The 1914 cone stands in the southwest
part of the floor 100 feet high, is still steaming, and south­
west of it is a small crater which contained the lava lake
of 1903. Hot yellow pumice lies northwest of it in a field
from which dense, blue, sulphur fumes ascend. North of
this is a depression 15 or 20 feet deep covered with pa­
hoehoe having islands of aa. Heat radiates from cracks
in the floor and rim of this craterlet. Northeast of it is a
line of driblet and pumice cones 10 to 75 feet high. The
large cone of 1903 near the center of the greater crater, has
the remains of another lava lake near it with a hot sol­
fatal'a west of this lake which is depositing crystalline
sulphur. This large 1903 cone lies west of the fissure of
1914.

The fissure zone passes across the south platform up
to the rim of the caldera and may be seen in the crater
wall. On the rim 200 feet above the platform is a small
driblet cone and the lava actually shows as a dike in the
cliff below. Southwest from the crater rim is a !tne of
driblet cones which poured out lava that cascaded over the
vertical wall of the caldera and spread out on the floor,
showing that lava was being extruded on the floor and on
the cliff above at two levels different by 300 feet. Accord­
ing to the map by Stearns. which is based on ''''ingate's
topographic map, the country rock east and west of the
crater is older basalt showing explosion debris in two
marked accumulations northwest and southeast of the
central cauldron. T.A.J.
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Maps of the summit crater of Mauna Loa by Wilkes and Lydgate in Adapted by T. A.

Jaggar to a common scale and contour intervals of 20 meters. Lydgate's map supplemented by notes of Hall in

1873 and Brigham's discussion of 1880. Lydgate's summit elevation adopted from Alexander in 1875.
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Maps of the sUlllmit crater of Mauna Loa by Alexander and Friedlaender in 1885 and about 1896, respectively. Fried­
laender's outline is based on the Alexander map and is here supplemented with notes by Merritt and Baker in 1888,
Guppy in 1879, and Ridgeway in 1903. Adapted by T. A. Jaggar to a common scale and contour intervals of 20 meters.
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Section of Volcanology, U. S. Geological Survey

T. A. Jaggar, Volcanologi t in Charge

Th only noteworthy change , at Halemaumau are a
steady tilt away from the pit, as indi ated by the Halemau·
mau . ei mograph, and continuol!. widening at crack point

'0. 21. ~Iea urement indicat that thi point ha moved
one and one-half inche fl'om 0 tober 26 to Xo.ember 12.

Fume and team were thin on •'ovember 9. Fume in-

crea ed on November 10 and was thick November 12 after
rain,

Because of wet weather road work slackened, and can·
sequently there were few I' al'Uficial distUl'bances on the
l' cords of the Obs rvatol'Y. Of 81 tremors registered,
one gave distance 4 miles. 4 gave 15 miles. one ave 18
miles, and one gave 42 mile. Eight tremors were probably
of artificial origin, Of si. v ry f eble local seism , one
with indefinite pha es show d di tance 1 to 2 mile from
the Db ervatory; tbe oth I' had ob cure phase ,

Tilt for the week avel'a~ d li!\'ht E E. Micro ei mic
motion wa moderately trong at the beginning of the we k.
d crea ed to light on the 14th, and was light to moderat
on the 15th,
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Kapele lagoon at east end of Kula fault where a block of land subsided April 21·23, 1924, at the east
point of the island of HawaIi Along with earthqu akes and cracking open of the country, this shore
line subsided 10 to 12 feet so that these coconut palms, on the date of this photograph, June 9,

1924, and ever since, were submerged with their butts under 8 feet of water. Photo Finch.

PUNA SHORELINE SUBSIDENCE

The Puna District of Hawaii in the vicinity of Kapoho,
the east point of the island, wa the scene of destructive
seismic activity in the spring of 1924. This activity was
re orded in Bull. Hawaiian Volcano Observatory April 1924
and in Bull. Seis. Soc. Amer. Dec. 1924. Photographs or
the region affected are reproduced in these articles and in
the Bulletin of the Observatory for January 1926.

On April 21, 1924. there began a prolonged mild quak­
ing in the Kapobo di tri t, approximately felt earth­
quakes were counted, and on April 22 and 23 exten ive
era k b gan to open near Kapoho. About 20 pronou ced
cha m were mapped by an Ob ervatory party. Leveling
un y were run long the railroad by uperintendent

Bole of Hawaii • 'ational Park, and the e indicated a
IIew profil feet lower than before, outh of the quarry
at Kula. and one foot lower than b fore at Kapoho tation.
The block of country b tw n the Kapoho hill and the
Kula fault where the reate t downtbrow occurred ank
in varying amounts from on loot to over 11 feet. At the
ocean end of the Kula fault a new lagoon running 20 fe t
inland wa formed, and co onut tree' were found tanding
in feet of water (see cut Page One).

The earthquake were quite localized and were not
felt in Kalapana, about 12 miles to the southwest nor were
any change in elevation or cracking of the ground notic d
in the country south of Kapoho.

Reports, however, hav com from time to time dUt'ing
the la t few years to memb l' of the Observatory taft
of a gradual subsidence of the Puna coast as far south of
Kapoho as Kaimu and Kalapana. After a recent conversa­
tion with Mr. Henry Lyman of Kapoho, a trip was made
through the Puna District for tbe purpose of verifying, if

po sible, these reports and gathering further evidence, as
well as for locating likely point for future observation
and measurement.

The trip was made November 12, 1931, and residents
were interviewed at Kapaabu, Kalapana, Kaimu, Opibikao,
Pohoiki, and Paboa; Mr. Richard Lyman of the last place
gave information concerning Kapoho and the general con­
dition of the district. The following was tbe evidence
from different places:

Kapaahu, Kalapana, Kaimu;

Four families were interview d. one had noti ed any
change in shore elevation. The wa bing of wave over the
black and beacb and piling back of the and was tbought
to be the re tilt of cbangin~ current and untl nally hil!:h
wa\'"e. A mark wa pIa ed at Punaltlu Pond in Kapaahtl,
and tlli will be ob erved from time to time.

Opihikao;

Only one family found at home and the e proved to
be newcomer

Pohoiki;

One family nam d :llioi wa interviewed. Tbey state
a ammon knowledl!:e in that di trict tbat tbe land has
lower d, but are certain that the drop took place dnring
the Kapobo earthquake of April 1924. Tbey do not connect
this tradition with the hore line.

Kapoho;

1\1r. Richard Lyman thinks that the sinking occurrecl
ntlrely at the time of tbe destructive earthquakes of 1924.

Kapoho crater was visited and It was found that the
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Record of tide gauge at Hila, Hawaii, evening of October 3. 1931 (Hawaiian date). showing trace of seismic sea wave originating n

wave something over 8 hours. The range of the wave movement shown at the beg inn

middle one of the thr e pit crater which formerly had a
moderate _iz~d pond with wat I' lilie , had gone practicaIly
dry. Thi i due probably to an unu uaIly dry year. Puu
Kukii, which in 1922 wa covered wi growin cane, i
now overgrown with guava except where the 19~4 dis·
turbance left a bright red carp. Th Kula fauIt and Koae
were al 0 vi 'ited, but how d nothing new.

The investigatlon indicate that probably shore sub·
sid nee ha extended from Kula as far outh as Pohoiki
and p rhaps Kaimu. and that this subsidence occurred all
at on e in 1924 and is not a continued slow movement.
The down·faulting corresponds 011 a smaller scale with that
of 1 6 in this!; me district (see M moil's Bernice Pauahi
Bishop Museum Volume 2 No.4 1909). E.G:W.

Erratum

In Volcano Letter No. 359, Page Four, map of Soufriere
rater, the scale i 0.64 inch to the mlle, and contour in·

ten'al 100 feet. In Vol ano Letter '0. 360, Page Four,
line ,read "crack point TO. 25."

EARTHQUAKE AND SEA WAVE OF OCTOBER 3, 1931

On the morning of October 3 the ei mograph of the
Hawaiian Volcano Ob ervatory howed the record of a bi~

earthquake omewhere, and indicated that po sibly a
ei mic ea wa,e might arrive at the hore of Hawaii.

On October 22 the London Time reported that a e,ere
earthquake occurred on Octob I' 4 the equivalent of Oc·
tober 3 in Hawaii on the we tern ide of the date line) in
the central and ea tern ar a of the Briti h olomon
I lands. The damage wa not seriou in the cen tral part
of the group, but in the i land of an Christoval the earth­
quake was followed by a i mic sea wave which de·
stroyed 1 native village with a loss of life estimated at
50. The center of the disturbance was believed to have
been in the vicinity of Rennell Island, one of the southern·
most of the group.

"The British Solomon Islands protectorate consists of
the southern islands of the Solomon group, lying to the

oUlhea t of _T ew Guinea. The native population i e ti­
mated at 150.00u. and Europ an- and A iatic betwe n 400
anrl 500. The principal arti Ie of trade are copra. ~reen

. nail. and trochu hell, h'ory nut. pearl hell, and tor to: e

. hell.

"The earthqnake was I' ord d by in trument in Eng­
land. Italy. Australia. and. 'ew Zealand,'" and all around the
Pacitl '. It wa a world'shakin~ earthquake of ~reat

n rgy.

The primary or P wave or the earthquake arrived at
th Hawaiian Volcano ObRervatory at :52:06 a. m. Ha­
waiian standard time. Til s eOlldary or S wave arriv d
at 8: 59: 35 a. m. The in terval was 7 minutes 29 seconds
which by the tables indicated 368 miles a the distan e to
the origin. The indicated tim or occurrence was 9 minutes
27 second' prior to the arrival of the tlrst preliminary wave,
whi h would make the big arthquake at the source region

:4~: 39 a. 111. by Hawaiian time.

For some little time we xpected a sea wave. but noth·
ine; arrh'ed ufficient to excite notice without the aid of
th tide e;au""e. A the "elo ity of ueh an ocean Wa"e ha
been found to be about 45u tatute mile an hour. it hould
arrive about 5 p. m. of the • arne day. It hould take a
little over hour to travel to (he Hilo tide gauge.

By an in pection of the record the direction of the
earthquake origin wa found by the direction of the til' t
di turbance OJf the pendulum to be approximately north·

a t or outhwe t 36 mile from the island of Hawaii.
To the northea l the ori~in would be in the center of • 'orth
Ameri a and accordingly there would not be a water wave.
To the outhwe t the origin would be 01I • 'ew Zealand or
1 'ew aledonia and there hould be a ea wave. A there
were a number of shielding i land chain in that direction.
and from what we know by previou experience here, it
wa decided that a wave would likely be damped out by
their shielding action, and in auy case not be dan erous.
Accordingly no warning wa ent out.

Later findings veri tied these rough estimates. The Coast
and Geodetic Survey announced the first tentative location
of the earthquake center as latitude 14°south and longitude
160° ast. and the time of occurrence as 8: 42: 4 a. m.
H. S. T. The Jesuit Seismological Association gave a
second tentative epicenter a latitude 10° south, longItude
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lr the Solomon Islands in a large submarine earthquake. The earth wave took about 9 minutes to reach Hawaii, and the water
n9 of the disturbance is about 6 inches on the tide staff at Pier One, Kuhio Wharf.

161.4° east, and the time of occurrence as 8: 43.10 a. m.
H. S T.

TlleSe placed the epicenter in or near Solomon Island .
The report abave quoted verifies this and announce a big
tidal wave.

The tide gauge in Hilo bay on the east side of the
island of Hawaii shows that the waves began to arrive
within 3 minntes fter 5 p. m. October 3 H. S. T. The
water in the bay rose and fell every 15 minutes for the
next 4 bours. The rise and fall averaged about half a
foot total range and the motion was so slow as not to
be noticed by the casual observer. The record, however,
is plainly shown on the marigram (see cnt Pages Two­
Three), and the very long duration of it is unusual. There
was first a lowering of one-quarter of a foot followed by
a rise of three-eighths of a foot, with somewhat irregnlar
seiches thereafter for two days.

These waves are so flat that they can not be seen on
the open ocean. Since they travel at the rate of 450
statute miles an hour, and 15 minutes apart, they will
measure 112 miles from cre t to crest, and being less llano
half a foot high on the open ocean they are not perceptible,

Such sea'luake \ 'aves in the water, or tsunamis as tbey
are technically called, have been known to continue even
for two or three days with slowly diminishing amplitude
(Dutton, Earthquakes, page 280). In R. M. Wilson's ac­
count (Bull. H. V. O. XVI June 1928) of a tidal wave arriv­
ing at Hawaii from the coast of Mexico, the maximum
risings exceeded a foot, and there were several recurrences
of the smaller waves at intervals, the whole lasting for 24
hours.

In this sea wave of October 4, 1931, the oscillations
lasted for 48 hours. There are several ways to account
for this long endurance of water disturbance, for some sea
waves last only a few hours. There may be reflections or
echoes from the coasts near the origin of the earthquake,
which would have the effect of adding to the number of
wave trains. In this case the waves, large at the source,
may have broken up into numerous small ones by the
groups of islands and shallows that they pass through,
Again, a large body of water, snch as is inclosed in any
bay or small sea, if once set in motion is very slow to stop
and would vibrate in its natural period for a long time after

being disturbed. It is difficult to say in what proportions
the e pos ible causes affect the lengthening of the record.
(See Bull. H. Y. 0, March 192 . Monthly vVeather Review
March 1924, and Yolcano Letter No. 274 Marcb 27, 1930.)

A.E.J.

KILAUEA REPORT No. 1035

WEEK ENDIKG NOVEMBER 22, 1931

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

Kilauea continues inactive. Halemaumau pit shows no
significant changes, the fume and steam on the floor vary­
ing in visibility according to the temperature and the
amount of recent rainfall. A few rocks were ob erved
falling from the northeast wall on the forenoon of rovem­
bel' 1. Crack point No. 25 shows a widening of the rim
fissure here ~ incb between November 12 and 'ovember
20, 1931. On November 20 new fallen fine debris was seen
on one of the northern taluses. The crack above mentioned
is where the rim is breaking down at the northeast by
adjustment of tbe pit circle where a year ago there was
heavy avalanching and excessive cracking back of a very
precipitous part of the wall.

Artificial disturbances were fewer on the records of
the Observatory. Fifty-one tremors were recorded, four of
which indicated approximate distance of from 40 to 60
miles. On the 19tb occurred part of a teleseism without
definite phases. A feeble seism at 6: 46 p. m. Ko\'ember
22 was felt locally. Its epicenter wa 5 miles from the
Obsen'atory. At 5: 10 p. m. a very feeble seism was
registered with a distance of about 12 miles.

Tilt for the week was slight rEo Microseismic mo­
tion was moderate, becoming strong at the end of the
week. The tilt or ground movement indicates a quiet
condition, What slight tilt has occurred can be attributed
to seasonal effects. The number of recorded shocks is
less than occurred during the preceeding week. The
shocks appear to have originated at greater distances
than those of last week.
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Map of southeastern Hawaii showing Kilauea, Mauna Loa, and the
Puna fault cliffs extending northeast to the Kula fault, where the land
on the south side subsided in April 1924. The photograph on Page
One is looking seaward on the south side of the Kula fault cliff where

it enters the ocean.

Black sands of Kaimu beach in November, 1931, showing invasion of the coconut
grove and roadway by the sea. The road is being moved back. Photo Powers.

Readers are requested to sl'nd artlcl s, photographs, publica­
tions ann clippings auout volcano and earthquake events, In­
Iltruments and Investigations, esp clally around the PacIfic.

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

THE VOLCANO LETTER
The Voleano Letter comhlnes the earlier weekly ot that name.

with the former monthly Bull tin or the Hawaiian Volcano Ob­
servatory. It is published w ekly. on Thursdays. by the Ha­
wallan Volcano Research A.soclatlon, on behalf of the section
of volcanology, U. S. Geological Survey. It promotes experI­
mental recording of earth proc sses. The Volcano Letter Is not copyrIghted. Editors please credit.
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New steam vent discovered on south slope of Diamond Peak in southwestern part

of Lassen Volcanic National Park. The locality is solfataric but was not known

to be steaming prior to the autumn of 1931. Photo taken October 14, 1931, by
R. H. Finch, Lassen Volcano Observatory.

CHEMICAL ANALYSES OF KILAUEA LAVAS

One phase of the study of volcanoes which attracts no
public attention, but nevertheless is of utmo t scientific
importance, is the tudy of the change which take place
in the composition of the lava during the life cycle of a
volcano. Geologists may expre the compo ition of a
rock either in terms of the kind and amount of the differ­
ent mineral which mak up the rock, or in term of the
kind and amount r the different chemical element con·
tained in the rock. Of cour e the mineral compo iUon and
the chemic I compo iUon depend on each other a that a
tatement of either kind of analy i gives a picture of

the compo ition of the 1'0 k. Since an analy. is of the
chemical composition can be made more accurately and
can b ex pre sed in more definite quantitive term , more
attention i paid to determining the chemical compo ition
of different la,as of the important volcanoe which are

tudled.

cienU ts have b en tudyinl\' the chemi try of the
lava of Hawaiian vol canoe for many year. G ologic
literature contains fir t rate analy es of over a bunclr d
different pecimens of lava from the everal volcanoe of
the islands. Part of tbe work of the Geological Survey is
to carryon with this collection of quantitative data. Dur·
ing the past two years, chemical analyses have been made
of six different lavas from Kilauea and two from Mauna

Loa. These new analyses are given in Table r at the
end of this article.

It is obvious that the eight different lavas show very
little difference in their hemi al composition. Further'
mol' , the same lava. are decidedly imilar in their mineral
compo ition. They all belong to a cIa s of rocks known as
ba all. The Hawaiian lavas contain porphyritic cry tals
of olivine in a groundmas of about equal parts of plagio­
cia e and pyroxene. with ~Ia s only in the quickly cooled

urface pha e (ee Yol ano Letter ·0. 34). ot only do
the different ba alts from Hawaii how a imilarity in com·
po ition. but they al 0 are remarkably like basalts from
oth I' ,01canoe in th Pacific i lands and basalts from the
huge vol anic field 0 India. Iceland, and other islands of
the north Atlantic, Patagonia. and the Columbia River
plateau of • ·orth Ameri ·a. Thi imilarity in composition
of ba alt the world over, together with some other tech.
nical rea on ,ha led many geologi ts to believe that the
whole urface of the arth i underlain by a layer of erup­
tibl ba alt of fairly uniform compo iUon. This parent
basalt is considered to be the original material of all
volcalloe , and the many other kinds of lava with different
compositions have all been derived from this basalt by
some process of differentiation. The average of 16 analyses
of Kilauea basalts, and the average of several other types
of this parent basalt, are g;iven in Table II.
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The different lava from Kilauea do not show any
great variation from this a\'erage ba aItic composition.
That would mean that no great amount of differentiation
ha taken place in the lava during the life of the volcano.
Thl should logically be the ca e when we con ider that
Kilauea is a relatively young volcano and probably ha
lived only part of it normal life cycle. The same i true
of Mauna Loa, and the lava from the pre ent active 1\1auna
Loa do not how very much variation in their compo Hion.
lt is in the older volcanoe of Hawaii which have com·
pleted their life cycle that we would expect to find the
greatest change in compo ition of the lavas, and uch i
the case. The lava of Puuwaawaa i almost true pumice
and ob idian witb a chemical compo ition of trachyte (62
per cent silica, 12 per cent alkalies soda and potash). Also
many flows on Kohala and Mauna Kea approach trachyte
in their chemical composition.

One of the many problems confronting us is to deter·
mine, if possible, bow and why this change in composition
takes place. The most alluriug l' ason for deSiring a solu·
tion to this problem is lhat gold and many other precious
metals are associated not with ba aWc rocks but with
rock , like the above, which approach a granite in chemical
compo Won. It thus is ential to under tand the origin
of these ore-bearing rock in order to learn more of the
origin of the valuable are tbem ehTe

TABLE I

Lavas, Hawaii

1. Olaa. Manna Loa aa flow, road cut on government road
at outh boundary of 'Yaiakea Fore t Re erve.
Analyst J. J. Tahey.

2. Reservoir. Mauna Loa pahoehoe flow, from re ervoir
at Piihonua. Analy t J. J. Tahey.

2. Quarry. Kilauea pahoehoe flow, 'ational Park quarry,
on Hila r' ad one mile from Observatory. Analy t
J. J. Tahey.

4. 1917 Halemaumau. Splash from lava lake. Analyst
J. J. Tahey.

6. 1919 Halemaumau. Splash from lava lake during erup·
tion of Alika flow from Mauna Loa. Analy t J. J.
Tahey.

6. 1919 Halemaumau. Pahoehoe flow NE edge of floor of
Kilauea Crater. Analyist, J. J. Tahey.

7. 1921 Halemaumau. Pahoehoe fiow S edge of floor of
Kilauea Crater. Analy t L. T. Richard on.

1929 Halemaumau. Scoria from lava fountain. July
1929. Analyst R. E. tevens.

1 2 3 4 5 6 7
iO. 50.41 5~.14 51.:};; 50.14 5U.3' 50.52 50.. 5 51.00

Al.O. 12.37 13.60 13.3~ 13.ti3 14.211 13. 5 1~.30 13.1I3
Fl'.(). 1.94 2.:11 1.:12 0.:;-; l.~ 0.9 0.2 1. 3
F 0 9.56 .. 0 9. 5 HI.1I7 10.111 9.1, 111.42 10.02
)IgO 7.6 1.26 T.n:: .~5 1.75 7.07 7. fJ 6.71j

aO 12.56 10.14 lU.7l n.17 11.24 n.33 1L4~ 12.40
·a.O J.6 2.02 1.&3 1.29 2.20 l.5t .70 2.02

K ) 0.40 0.4 0.50 lUI 0.56 0.47 .5 0.73
H. +1100 0.22 0.1G 0.29 0.03 0.06 0.04 .1 0.35
JI"o-nOo C. Xone 0.06 none none non~ none trac none

'rio" 2.26 2.20 2.50 3.20 2.33 3.63 1.55 2.33
rp; 0.57 0.29 0.2 0.23 0.02 0.22 .22 0.11
Cr.O. 0.05 0.02 0.03 0.07 0.05 0.06 .05 0.00 •

Ie s than
1':[0 0.004 0.005 0.025 0.002 0.00 0.001 .002 trace
MnO 0.06 0.07 0.07 0.06 0.14 0.14 .10 0.1

99.76 99.55 99.86 99.42 100.31 99.59 99.4 100. 0
"Quantity of sample insufficient.

TABLE II

K D 0 T
SiO" 49.9 50.6 50. 47.5
Al.O. 12.7 13.6 13./ 13.9
Fe,O 1.45 3.2 2.4 3.6
FeO 10.0 9.9 11.6 9.4
MgO 9.9 5.5 4./ 6."
CaO 10.5 9.5 .2 9.
•'a,O 2.(1 2.6 2.9 2.9
K.O .45 ./ 1.3 1.0
TiO, 2.7 1.9 2. 2./

P"O· .25 .4 .4
MnO .12 .16 .N .22

K. Average of 19 analy es Kilauea lavas. 13 from H. S.
,Yashington, Petrology of Hawaiian Lavas. (Amer.
Jour. Sci.)

D. Average of 11 analyses De 'can nVestern India) lava.
H. S. "'ashington. Deccan Traps and other Plateau
Basalts. (Geo\. Soc. Amer.)

0. Average of 6 analyses Oregon basalts. H. S. "'a ·hing·
lon. Deccan Trap, etc. (Geol. Soc. Amer.)

T. A\'erage of 33 Thulean (lceland-Britaln·Greenland)
ba aU. H. \\'a 'hington, Deccan Trap, etc.

(Geol. oc. Amer.) H.A.P.

LASSEN REPORT No. 3J

• 'EW DIA.lO."D PE K TEAM VE.·T
R. H. Finch, A 0 iate Yolcanologist

A new team vent wa di covered in the La en Vol·
canic !\ational Park during the early autumn of 1931. It
is located just below Diamond Peak on the ridge belween
Ea t and "'est ulphur reek. This is in the outll·
we tern part of the park near the new road which eros es
lh mountain mass. The vent was discovered by National
Park workmen, and is shown in the photograph on Page
One, taken October 14, 1931. As the steam appeared In a
clump of trees, the workmen thought at first that they had
discovered a forest fire. Adjacent to the new vent, especial­
lyon the slope just below, are old solfataric areas. It
appears, however, that there has been no activity in this
locality for a great many years. Steam escapes from a
small vent in the center of an area over which sulphates.
chiefly alum, are being clepo ited. The temperature of the

team is 19 degree Fahr. The photograph was taken
with a "iew to making later pictures that will show changes
in chemical erosion, etc.

The map hown on Page Four is a reduced copy of the
topograpmc map of La en Yolcanic 'ational Park ur­
"eyed by E. P. Davi and R. G. Stevenson of the U. S.
Geological urvey in 1925·26. The new road between p­
per Meadow and Helen Lake has been completed since the
map was made. Mineral, headquarter of the La en 'a­
tional Fore t, where the volcano observatory is located,
i three miles outside of thi map to the southwest. La en
Volcano is in the middle of the we t part of the park, the
Loomis Museum ,,'here seismograph TO. 2 is located) is
at Reflection Lake inside the park northwest, and Mount
Harkness (where seismograph No.3 is in the forest ranger
station) is just inside the park at the southeast. Cinder
Cone and its lava flows lie between Snag Lake and Butte
Lake in the northeast comer of the park. The principal
hot and boiling spring areas, and the solfataric deposits,
and steam jets which accompany them, are in the south-
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we ·tern pan of the park amid the mountain of the north,
we ·tern end of the iena. 'evada abo,e which La en
Peak. tand a an impo. ing ,olcanic cone 10,453 feet hig-h.

R.H.F.

KILAUEA REPORT No. 1036

WEEK E, 'DI. 'G • 'OYE~IBER 29, 1931

e tion of Yolcanology,"C. . Geological urver

T. A. Jaggar, Yolcanologi t in Charge

• -0 iguiticant chauge iu the bottom of Halemaumau
pit ha,e occurred. The crack at the northea t edge, • '0.

25. opeueu three-quart l'l:l of an inch • 'ovember 20-30.
Mea urements show a lowering of the rim block adjacent
to the rack about one foot between October 26 and ~o\'em,

bel' 23. At 10:35 a. m. November 24 an avalanche produc,
ing much dust occurred at the northeast wall of the pit
under thi crack.

Designs have been drawn and preparations made for

rebuilding the ei mO!n'aph hut at Halemaumau with the
cooperation of the • 'atlonal Park en'ice.

During the week 22 \'olcanic tremor were regi tered
at the Ob'-'eTYdtory on the northea t rim of Kilauea rater
a ompared to more than 50 of the next preceding
week. Four ga\'e evidence of di tance of origin. one 20
mile.• and the other. 40 miles. There were two other di '
turbance pos ibly of artificial origin, but doubtful.

Two ,ery feeble local ei m were regi teredo one in­
dicating oridn di tance about 1 mile. the other about 2
mile. . :'IIicro ei mic motion ha been ,ery heary during
the week. probably owing to ocean wa\Oe pounding the
teep 'bore of tbe i land. a. tb re ha been some ·trong

wind. Tilting of the ground ba been ,ery slight " "V.
, neral conditions indicate volcanic quiet, the tremors

show about the same di tance of origin as the week before,
and one of the very feeble shock indicates origin close at
hand. the other far nou!\'h away to have occurred under
1\launa Loa.

Contractor moving cypress and Japanese cedar trees back from the road front,
for purposes of new road construction, Hawaiian Volcano Observatory. Large pits
were dug to receive the trees, black fertilizer and loam mixtures were prepared in
the pits, and the power shovel with caterpillar treads lifted each trunk with its ball

of soil and deposited it at its destination. Photo Jaggar.
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Map of Lassen Volcanic National Park, U. S. Geological Survey 1925-26. Seismographs
of the Section of Volcanology are maintained northwest. southwest, and southeast of

Lassen Peak, as described in the text.
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THE A CTI V E A ND RECE NTLY E X TINCT V OLCANOES 
OF N O,RTH AM ERICA 

Review by G. L. Chang 

The most prominent fact brought out by a study of 
the geographical distribution of volcanoes is that, with but 
few exceptions, they a r e mostly situated on th e borders 
of continents or on the ocean's floor. 

The volcanoes of North America form a part of a great 
system of volcanic vents which may be said to surround 
the Pacific Ocean. This chain of fire beginning in Terra 
de! Fuego extends along the west bor der of South America, 
wher e i ts course is marlrnd in the Andes by s ome of the 
loftiest igneous mountains in the world; it is narrow and 
well defined on the west border of Cent ra l America and far 
into Mexico, where still steaming craters, some of which 
a re among the highest summits on the continent of North 
America, define its pos it ion. The volcanic belt broadens 
in the north ern part of Mexico and the United States, but 
is marked by few active crater s. Again contracting and 

a pproaching close to the ocean's shore, and in several in­
stances marked by island volcanoes, the igneous belt fol­
lows the coast of British Columbia and Alaska, and ex­
tends westward throughout the length of the Aleutian 
Islands. Still active craters in Alaska show the positions 
of earth fractures which unite the volcanic belt of the 
n ew wor ld · with the still more energetic volcanoes of 
Ka mchatka, Korea, J apan, Formosa, the Philippine Islands, 
New Guinea, New Caledonia, New H ebrides, and New Zea­
land. The length of this vast system of active volcanoes, 
from the southern encl of South America about the North­
ern P acific to New Zealand, is about 30,000 miles. Within 
the embr ace of the great curve, and rising from th e deeply 
s ubmer ged floor of the Pacific, are many volcanic islands 
and still active crater s. 

A branch of the western a rm of the volcanic system 
just r eferred to embraces Java and Sumatra. A cor­
r esponding offshoot of the eastern arm is mar ked by the 
volcanoes of the "\Vest Indies. 

It is a matter of obser vation that the loftiest moun-
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tains of a continent face the largest ocean washing its 
shores. In a similar way i t may be remembered from a 
study of the distribution of volcanoes that the largest 
volcanic belt in the world embraces the largest ocean. 
"Whether this a ssociation indicates an essential or genetic 
connection between the height of mountains, the pre­
valence of volcanoes, and the extent of water bodies, re­
mains to be shown. 

The volcanic areas of North America form a part of 
the great Pacific belt, but include an exceptional p~rtion 
of it, since from central Mexico to southeastem Alaska 
there a re chiefly dormant vents. ln this interval of some 
4,000 miles, however, ther e are many r ecently extinct 
craters, as well as hot springs and geysers. It is in this 
break in the chain of steaming craters that the breadth of 
the volcanic be lt is greatest. This coincidence is signi­
ficant of some s ubterranean change. 

An examination of the map of North America, in which 
the positions of most of the active and recently extinct 
volcanoes are indicated, will show that active volcanoes 
are confined to the westem portion of the continent, and 
for the most part to the immediate border of the Pacific. 
No volcanoes sufficiently recent to be recognized by their 
topographic forms occur east of the sharply defined east­
ern border of the Cordilleran mountain series. The central 
and eastem portions of the United States, the central, 
eastern, and northern portions of Canada, and much of 
Alaska excepting its immediate southern border, are with­
out evidence of r ecent volcanic activity. No active or 
recently extinct volcanoes have been discovered in the 
Greenland region. Iceland, as is well known, is an active 
volcanic center. 

The most recent volcanic rocks in all of the vast region 
just r eferred to-east and north of the Cordilleran series 
and embracing five-sixths of North America-are, so far as 
known, confined to the Atlan t ic border and occur in the 
Newark system. They were poured out in part as molten 
lavas during the mesozoic era, or the middle age of the 
ear th's geological history. E rosion has been so great s ince 
the volcanoes from which they came were in activity that 
scarcely a vestige of the cinder cones or of the mountains 
they formed now remains. The preservation of such records 
a s still exist is clue to the facts that volcanic rocks were 
buried beneath sedimentary deposits and, for a very long 
period, sJ depressed that they were below the ocean's 
leve l, and thus escaped removal by erosive agencies. 

Still more remote in the ear th's history, volcanic erup­
tions on a grand scale occurred in what is now the Appala­
chian region and in the Lake Superior basin These ancient 
volcanoes illus trate the fact that even in the r emote past 
volcanoes were situated on continental borders. 'i:\7hen the 
vents from which the rocks were derived were in activity, 
the continent had increased but little from its original 
Archaean nucleus. and the sea occupied the whole of what 
is now the Mississippi Valley and the northward extension 
of the same interior basin to the Arctic regions. 

The volcanic mountains of the west are nearly alJ of 
post-Tertiary age. Some of the lava flows of Idaho, 'iVash­
ington, and California wer e poured out during the Tertiary 
and were buried beneath the sediments of great Jakes, the 
date of which is recorded by the fossils they contain. 

A portion of the Pacific volcanic belt is only a score of 
miles wide in Central America, but broadens in the central 
part of Mexico somewhat abruptly to about 800 miles, and 
touches both the Gulf and Pacific coasts. A gradual in­
crease in breadth occurs north of Mexico, and in the lati­
tude of San Francisco and Denver it attains its maximum 
width about 1,000 miles. When followed northward, it 
again contracts, and in Alaska is as nanow and shar ply 
definied as in Central America. The narrow tapering 
southern extremity of this volcanic belt curves eastward ; 
its similar northern extremity, which also contracts in 
breadth towards its extremity, curves westward. 

It is in the narrow, curved extremities of this volcanic 
belt that volcanic eruptions liaYe occurred most recent!~', 
and ·here most of the still actiYe volcanoes of North 
America are situated. In the broader and Jess ct11Tecl cen­
tral portion chiefly dormant volcanoes occul'. (Russell, 
Volcanoes of North Ame,:ica.) 

THE VO LCANOES OF THE CASCADE MOUNTAINS 
Review by C. B. Crawford 

The Cascade Mountains extend from northern Cali­
fornia across Oregon and ,Vashington. Lassen Peak is 
situated at the extreme southern end of the range; the 
northern extremity extends past Mount Baker into British 
Columbia. This r ange, 500 miles long and 50 miles wide, 
runs parallel with the Pacific Coast about 120 to 200 miles 
inland, and its peaks rise 5,000 to 14,000 feet above sea 
level. The eastem border shows monoclinal structur e clue 
to the tilting of fault blocks. Russell suggests that the 
lava composing the Cascade Mountains, more especially 
in Washington, is an extension of Columbia Java, which 
was poured out in successive sheets and afterwards broken, 
and the blocks thus formed tilted at various angles. Ho\\"­
ever, they are not wholly composed of lava; there are 
Tertiary rocks of unknown age beneath the lava which 
have been raised and tilted by the same disturbances. 
Much of the northern portion of the range is free from 
lava, the rocks being largely granite and schist, showing 
that the range as a whole is not of volcanic origin. 

The great volcanic peaks hereinafter discussed are 
of a later elate than the uplifting of the main Cascade 
Range, and owe their origin to the escape of molten ma­
terial through fractures which were formed at the time 
of the disturbances. The conclusion that these peaks are 
of volcanic origin rests in some instances on their general 
appearance and their occurrence in a volcanic r egion. None 
of them is an example of very fresh volcanic activity with 
the exception of Lassen Peak. Most of these peaks have 
crater s at their summits or on their flanks. They are for 
the most par t the result of Tertiary eruptions and have 
been modified by erosion, have developed glaciers, and 
dominate the n eighboring mountains. 

Mount Shasta is probably typical of the peaks of the 
Cascade Range. It is a volcanic mountain wh ich has suf­
fered from erosion caused by streams and glaciers. It is 
14,380 feet above sea level and its summit is 4,000 feet 
above the timber line. Small glaciers are still present on ,._ 
its sides. On the west encl, 2,000 feet from the summit, 
is a cone with a crater in its top known as Shastina. On 
the lower slopes are s imilar craters, some built of c inders. 
some of Java. The mountain itself is composed of lava 
flows with a minor quantity of scoria. On the flanks of 
Shasta are well defined Java streams which still retain 
their original rough surface. The longest and most copious 
of the more recent s treams that flowed from Mount Shasta 
star ted at an elevation of 5,500 feet. This stream divided 
into two branches, one of which was 12 miles long. The 
other entered the canyon of the Sacramen to River and 
reached a distance 50 miles from its source before it cooled. 
This stream is of ancient elate as is shown by the erosion 
the river has been able to perform in making a new gorge 
100 feet deep through the flow. These lava streams, how­
ever, show no evidence of having been glaciated, and are 
c Jnsiclerecl as being of more r ecent elate than the time 
when the glaciers starting from the summit r eached the 
plain below; they are subsequent to the glacial epoch. 
Besides the two princ ipal vents, ther e are numerous sub­
sidiary ones. There is no history of eruption within 
memory of man. 

Lassen P eak, the most recently active volcano in con­
tinental United States, is 10,453 feet a bove sea level at its 
summit and marks the terminus of the Cascades. The 
Lassen Peak district is crossed from northwest to south­
east by a belt of volcanic cones abdut 50 miles long and 
25 miles wide. The Cinder Cone is closely connected with 
Mount Lassen and shows at least two periods of eruption 
separated by a time sufficiently long to a llow 10 feet of 
infusorial earth to accumulate on the ancient bottom of 
Lake Bidwell. The first period was one of explosive erup­
tions which form eel the Cinder Cone and ash field; the 
second of quiet effusion of a large mass of lava. The whole 
aspect of the Cinder Cone is 11ew, but the evidence demon­
strates that the earliest eruption occurr ed before the begin­
ning of the 19th century. Its age is shown by the rela­
tion of the old and new forest trees to the volcanic sand ~ 
of the firs t eruption. The !iYing trees grew on the top of 
the sand but the dead ones were standing at the time of 
the emption and grew from the soil beneath the sand. This 
evidence \\"as thought by Russell to show that the first erup-
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tiou occurred some 200 years ago and the second more than 
75 years ago. The most recent activity occurred 1914-1917 
at Lassen P eal, in the form of an explosive eruption. Ash 
was thrown out ancl large steam c louds wer e observed. 
The crater floor was upheavecl, r ough lava overtopped the 
rim, and an explosion hole 1,000 feet in diameter was 
formed. These eruptions were accompanied by blasts from 
the crater which leveled trees in their path. 

The history of Mount Pitt in southern Oregon is 
simila r to that of Shasta. It forms a beautifully regular 
volcanic cone which s hO\\'S the remnant of a crater at the 
.summit. 

Mount H ood, 11,225 feet above sea level at its summit, 
is in northwest Oregon. Its s ummit retains only a portion 
of the crater walls . In 1888 it was r eported that there 
were still fumaroles on the northeas t slope and steaming 
rifts on the s ide near what is known as Crater Rock. Sul­
phurous fumes were very strong. A peculiar phenomenon 
was noticed in the occurrence of a fumarole in the deeply 
,snow-filled crater. Mount Hood was reported in eruption 
in 1859 and 1865 (Jillson, Geog. Review, June 1917). A 
Tesiclent reports th er e was fume from Mount H ood the 
whole s ummer about 1886. 

Mount Adams, 30 miles north of the Columbia, is deep­
ly truncated at the summit and its slopes a r e scarred. It 
is ver y broad- possibly clue to th e great size of the original 
crater, or possibly to the blowing away of the top. 
Authentic history is unavailable, as it has n ot been much 
,studied. It has radiating glaciers. 

Mount St . Helens (9,671 ft. high) is of r egular conical 
form, which suggests that it may be younger than Mount 

Aclams. Reports of frontiersmen say that it was in actiYity 
in 1841-42. Ther e is apparent from a distance the track 
of a lava flow which cut its way through the Eorest for 
miles. There is also discernible a la,ra flow nor thward 
for about 20 miles through the t imber. This flow left 
many in teresting tree molds in its path. ·when the last 
flow took place the lava appears to have pass ed over wet 
places or ar eas where the steam generated escaped at the 
surface leaving what are termed "blow-holes." 

Mount Rainier has a bowl-shaped crater almost circular 
in form ancl now filled w ith snow. Adjoining it are the 
r emains of an earlier crater in the interior of which the 
more r ecent one has buil t itself. There are exposed a reas 
of black lava free from snow which show evidence of in­
ternal heat at no great depth below the surface. Countless 
small jets of steam and gas are presen t around the interior 
rim of the crater. No recent eruptions are recorded. 

Mount Baker is the most northerly of the volcanic 
mountains of the Cascade Range south of the Canada line. 
(See Volcano Letter No. 334 for British Columbia vol­
canoes.) Little can be said of the history of Mount Baker : 
The summit is broken, whether clue to erosion or volcanic 
explosions can not be said. Indians state that an eruption 
occurred about 1843 sympathetic with that of Mount St. 
Helens, and coYered the whole country with ashes, and that 
the waters of the Skagit River became hot enough to cause 
the death of all the fish. 

Thus the history of the great peaks of the Cascade 
Range proves to be that of actiYe volcanoes. but now of 
very slight heat. The history is fragmentary ancl· incom­
plete. (Largely after Russell.) 
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Map of the Crater Lake in Mount Mazama at Crater Lake National Park in Oregon, farther north than Mount 
Shasta. T he west rim of this engulfment c rater stands 8,156 feet above sea level, and the lake 6,177 feet . The 

greatest depth of wate r is 1,S96 feet. 
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M a p of M ount St. H elens in Washingto n State at the C o lumbia N ational F orest no rth of L ewi s River. This i s a 

volcano w ith a r ecord of activity in historic time, elevat ion 9,671 feet, w ith radial glaciers, and radial lava flow s 
whic h hav e dammed the drainage. Maps U . S. Geol ogical Sur vey . 

KILAUEA REPORT No. 1037 

WEEK ENDING DECEMBER 6, 1931 

Section of Volcanology, 1}. S. Geological Survey 
T . A. Jaggar, Volcanologist in Charge 

The bottom of Halemaumau remains unchanged, with 
one fuming sulphur spot and steam on the talus almost 
absent. W idening continues at a single northeast rim 
crack where the edge is evidently breaking down. Dust 
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from an avalanche rose at the north rim at 9 :08 a . m. 
December 6. 

At the Observatory 24 volcanic t remors occurred, 4 of 
which indicated origin distances respectively of 2, 4, 46, 
and 53 miles. Th ree very feeble local seisms indicated 
distances of 9 miles for two of them, and 23 miles for Tile 
other. Microseismic motion in the middle of the week in­
creased from strong to very strong, and tilting of the 
ground was moderate ESE. 
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Kilauea Crater 1913 looking north. Showing detail of Hclemaumau pit when 1,300 feet in diameter. The outer crack
of the Postal Card Rift was the trace of the rim of 1 94. There was a subsided shelf at the northeast, and huts were
maintained at the north rim by the Hawaiian Volcano Research Association. Photo of Curtis model at Harvard

University.

THE CRATE,R OF KILAUEA

The illustrations of this number are arranged to show
the evolution of Kilauea Crater from 1913 to the present
time. The cycle 1913-1924 (see Volcano Letters 319, 320,
325, and 326) filled the inner pit, overflowed its rim to
build up the floor of the outer crater, and then withdrew
the lava, and the inner pit was enlarged by collapse. This
ll-year cycle marked for the island of Hawaii the end of
a volcanic supercycle of about 132 years, which reached its
peak of lava flowing in 1858, and thereafter declined in
pulsations of less outflow for both Mauna Loa and Kilauea

Referring to the recently published pictorial review of
the evolution of the summit crater of Mauna Loa (Volcano
Letter No. 360). it was shown that Mokuaweoweo is the
product of marging pits at the angle where two rift lines
meet. In like manner the accompanying map indicates
that Kilauea Crater has been enlarging by the merging of
pits at the angle where two rift lines meet. The rift lines

are the southwest Kau Desert cracks that produced the
Mauna Iki flows of 1920 far down the m:lUntain flank, and
the Chain of Craters fissure that produced flank activities
in 1922, 1923, and 1924. The Kilauea angle is almost a right
angle shown at the north corner of Kilauea Crater and at
the fault cliffs farther north back from the crater's rim.
In both Kilauea and Mauna Loa we have to deal with a
sector of the mountain flank that has collapsed about its
tip at the mountain summit.

The inner pit Halemaumau is the vent that happens
to be open near the tip of the sector for the present epoch
of activity. Within the last century both Keanakakoi and
Kilauea Iki have taken part in this emission and with­
drawal of lavas that we call "activity." There were great
collapses of Halemaumau in 1840, 1868, and 1886, and in
the early part of the 19th century the greater crater of
Kilauea was all a large pit with its bottom more than a
thousand feet below where it is now. As shown in the con­
tour map, Halemaumau at the peak of the recent cycle was



Airplane photograph of Halemaumau pit November 9, 1923, taken vertically with the sun at the east. The
earlier pit had been overflowed in 1919, its rim built up, and then had collapsed to a longer diameter of
about 2,000 feet. This diameter is approximately coincident with the Kau Desert rift line trending south-

west. Photo 11th Photo Section from elevation 4,000 feet. U. S. Army.

Present pit of Halemaumau 3,500 feet in longer diameter, photographed from the air, looking west, Novem­
ber 25, 1930, during the new activity of that period t ending to fill the bottom of the pit. The road terminus
is entirely new and 700 feet back of the former one. Compare oval cracked area outside of pit to the
south with the same in cut above. Southwestern rim of Kilauea Crater and Kau Desert cracks are shown.

Photo Air Corps, U. S. Army, 11th Photo Section.
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at the top of a new heap built up since 1 6. which had over­
1l0wed extensively in 1 94, 1919, and 1921. The cut on
Page One shows the large outer circle of cracks which had
been the pit rim in the early nineties. but was built up
by the action of a smallel' inner pit in 1894, until the inner
heap had overflowed the outer rim, and all that remained
of this earlier wall was a scar. The tendency of a building
period to make the pit smaller is what may be expected
through the congealing of lava on the older walls of col­
lap e. The same thing happened between 1913 and 1919,
the rim shown in the first cut became more perfectly cir­
cular and smaller, as shown on the map on Page Four, and
the lip of the cauldron wa built up about 30 feet, so that
the pit was replaced by a heap, with lava lakes on toP.

It will be observed in Cut 1 that two crescent niches in
the rim of Halemaumau northeast and west were filled up
and disappeared during the overflows of 1918-21 (compare
map Page Four). In the same way there had been exten­
sive niches :J.nd outlying small pits extending the Hale­
manmau of the decades next preceding 1894. These niches
are the sites of subordinate pits that are formed by the
rise and fall of lava up and down cracks extending from,
and close to, a larger pit. The development of an outlying
vent which is at first a crack leads to a concentric struc­
ture about a vertical shaft, owing to the tendency of lava
to freeze in the narrower portions of the crack, and to
enlarge the vent circularly in the wider portions. The
remarkably perfect circularity of the structure reaches its
best development in an active lava slag·pool within a sur­
rounding bench of its own semi·cooled substance. where by
pulsations up and down, the central shaft is finally shaped
like a paste-tube, and the convectional circulation builds
the marginal rampart equally at all points about a center.

We now come to the phenomena of subsidence illus·
trated by the two airplane photographs on Page Two. It
will be remembered that the culmination of constructional
overflow was in 1919, and that from 1920 on, the bottom
of Halemaumau subsided strongly, while the lava which it
]lad contained flowed out repeatedly from the flank of
Kilauea Mountain. Again and again he lava in the pit
frothed up to the rim or nearly so, one such rise making
the spasmodic and tumultuous overflow of 1921. The over­
1l0w or outflow was each time followed by bigger and
bigger collapse at the pit. This collapse was dominantly
guided by the deep rift in the mountain to the southwest,
so that the resultant enlargement of Halemaumau was to
an oval in plan extending the pit in that direction. This
is illustrated by the first of the two photographs, taken
November 9, 1923, and showing the results of the tre­
mendous subsidence accompanied by avalanches which in
May 13-27, 1922, enlarged the pit from a maximum diameter
-of 1,40~ feet to 2,000 feet. The floor of Kilauea just out­
.side of Halemaumau to the southwest had been heating,
fuming, building cones, and flowing from cracks for four
years. It was undermined by tunnels along the line of
the Kau Desert rift, and the largest portion of these tun­
nels close to the pit, caved in and engulfed a crescent of
Tim rock, as shown in the picture.

An object of great interest in this picture is the three­
armed lake of lava, which wa~ building up the inner floor
in the autumn of 1923. An i land stands at the meeting
point of the three arms. This clover-leaf arrangement of
the inner lakes had happened repeatedly during many
years prior to this time. It appears to mark a tendency
of the inner heap to fracture by tumescence into three
.sectors, and there is some reason to suspect that the larger
domes of Kilauea and Mauna Loa have tendency to a
similar breakage. Thu about the Mauna Loa center there
are cracks to the northeast, the southwest, and towards
Hualalai; about the Kilauea center there are cracks to the
;southwest, to the east, and towards Kulani north, (a cone
in the forest between Kilauea and the northeast rift of Ma­
una Loa).

The second airplane photograph of Halemaumau, taken
November 25, 1930, again during a period of activity of the
bottom, exhibits the enormous pit left by the explosive
engulfment of 1924. This is also an oval, its greatest
length determined underground by the Kau Desert cracks,
-which appear in the background. It has now become 3,500

feet loug, and a very striking feature of this picture is the
tendency to concentric rim cracking, shown especially at
the left by faint lines of black close to the rim of the pit.
these cracks showing clearly the effort of nature to make
a perfect circular funnel. This is the more remarkable as
the rock which is so breaking is more than 700 feet back
from the edge shown in the upper photograph. This en­
largement will be realized if the reader will compare the
irregular elliptical broken area of the outside lava surface
at the south, which in the picture of 1923 lies away from
the rim, and in that of 1930 is on the rim. The road
terminus of 1930 is entirely different and far to the left
of the road loop shown in the 1923 picture. This older loop
would now lie far inside the pit, if it were redrawn on the
photograph of 1930. The tendency to circularity by col­
lapse, like the tendency to circnlarity by upbuilding, must
be occasioned by a highly centralized shaft.

This picture of 1930 shows the inner dome of the
Kilauea floor surrounding Halemaumau pit, and this dome
expresses not only the overflows of the peak of the cycle,
but also the tendency to swelling which had been charac­
teristic of that time. This tendency to swelling is also a
characteristic of the larger volcanic edifice, and its
measurement with tilt instruments is one of the most
fundamental scientific procedures for interpreting what is
going on inside a volcanic mountain.

The history of pulsations of rising and falling lava, as
creating a constructional smaller pit of effusion, and then
a destructional larger funnel of subsidence, and this within
a short cycle of 11 years, is indicative of the larger pro­
cess that has made the greater craters through larger ages
of activity. The crescent niches at the border of Hale­
maumau, in the pit of 1913 and the pit of 1923, are closely
imitated in the lunate platforms of the Mauna Loa crater.
and the two similar ones at the northeast (Sulphur Banks
flat) and southwest ends of Kilauea Crater. To such ex­
tent as the Mauna Loa niches represent outlying lava
pits, they are like Keanakakoi and Kilauea Iki outside of
Kilauea at the east. There is a tendency for the walls of
the Halemaumau funnel to assume at times a rounded
pentagonal outline in plan; the same thing is true of the
general plan of Kilauea Crater, and of the inner cauldron
of Mokuaweoweo. All of these features are also charac­
teristic of many of the craters on the moon, so that to a
volcanologist there is no appeal in the impact theory of
lunar craters. T.A.J.

TILTING OF THE GROUND FOR NOVEMBER

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 plumbline in
seconds of arc, in the direction given.

November 2·8 2.3 seconds
November 9·15 0.7 second
November 16-22 1.2 seconds
November 23-29 1.0 second

E.G.W.

KILAUEA REPORT No. 1038

WEEK ENDING DECEMBER 13, 1931

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

On December 7 at 9: 50 a. m. there were the usual
steaming cracks about Halemaumau pit and on the Kilauea
floor which are always seen during damp and cool weather.
The fume at the principal sulphur patch on the bottom of
the pit appeared denser and rising in puffs. The crack
No. 25 at the northeast rim of the pit. which has recently
widened. with subsidence of the block on the inner side
of it, showed further widening as did other cracks. A
small slide fell here at 10: 06 a. m. At 3: 30 p. m. this rim
block fell completely and made an avalanche. A block of
the rim fell in from 100 to 150 feet. long and from 1 to 20
feet wide. New cracks appeared in the ash for 250 feet
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Map of Kilauea Crater, U. S. Geological Survey, showing Halemaumau August 13, 1921, prior to the first collapse
and enlargement shown in Cut 2, but after the overflows which had obliterated the conditions of Cut 1. The lava
flow of 1919 had filled north corner of Kilauea Crater about 60 feet, and the lava flow of 1921 had filled the south
corner and slightly overflowed through a gap as shown by dotted line. From the Postal Card IRift (Cut 1) had
arisen flows to the north which created the Postal Caverns. The hot cracks had originally been used by tourists

for browning postal cards.

to the north but not to the south. Several small slides
were observed after 4 p. m. at the northeast wall, and
fresh bowlders lay on the northeast talus. The perceptible
earthquake of 10: 20 a. m. December 8 dislodged three
slides, respectively SW, SE, and NE of the pit, the last
the largest. The quake was perceptible at the SE pit rim
as a NW-SE swaying. On December 10 in calm weather
the fume from the sulphur spot on the bottom of tht> pit
rose in sufficient volume to be seen from a distance rising
above rim of pit. This had diminished December 12. After
the slides of December -8 the crack widening ceased and
some cracks showed a slight closing.

The seismographs at the Observatory recorded 57 dis-

turbances, including twice as many tremors and three
times as many small earthquakes as occurred in previous
weeks. There were 46 volcanic tremors, 9 very feeble
shocks one of which was felt, 1 feeble shock at 12: 30 p. m.
December 13, and 1 moderate earthquake 10: 22 a. m. De­
cember that dismantled instruments. This indicated
origin 14 miles from the Observatory and persons near
Mauna Iki in the Kau Desert reported noise seemingly
from Mauna Loa progressing underfoot, and rocks were
heard falling down cracks. The tremors indicated origin
distances of 6, 9, and 14 miles. the other earthquakes dis­
tances of from 9 to 23 miles. Microseismic motion for the
week was moderate, and tilting of the ground was light E.
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Mokuaweoweo Crater December 1, 1931, looking southwest from the rim salient between it and the northesat em­

bayment. The smooth lava in the left foreground is the floor of the crater, described in the text, which broke out

years a~o simultaneously with one on the rim behind the camera. Photo Doerr.

SUMMIT OF MAUNA LOA 1931

Through the courtesy and cooperation of Supel'intend­
ent Leavitt and Chief Rangel' Christ of the Hawaii National
Pa:k, two members of the Volcano Observatory staff were
enabled to make the ascent and spen'] two nights at the
summit of Mauna L:Ja ob erving volcanic conditions and
making preliminary geologic investigations. As no Ob­
servatory party ha. been to the summit crater since R. M.
Wilson's trip in 1!J27, and as the clo e of one of Mauna
Loa s four and one-hair year cycles has passed (the last
activity being in the spring of 1926), ancl renewecl activity
may be expected at any time, it was deemed advisable to
make an inspec ion at the present time before the winter
snows set in.

The party which left the Park headquarters at 6: 10
a. m... 'ovember 30, 1931, was composecl of Naturalist
Doerr of the. 'ational Park. in charge, Powers and "'ingate
of the Ob ervatory staff, and Rangers Brumaghim and Lpp
of the _-ational Park. The party went by automobile a, tal'
as the Ohaikea tanks, where Levi, packer and gUide, had
the riding horses and pack animals read)' for the trip.
Chief Ranger Christ was on hand to superintend the tart.

The path from Ohail{ea leads across country for about
a hal[ mile where it joins the new Park trail, from Brown's
ranch and the Bird Park, to the summit. The new trail
as far as the Rest House at Puu Ulaula is an excellent
one. crosRing two tongues of the Keaumoku flow and con­
tinuing upward through lovely, grassy glades and groves
of koa, mamane, and ohia. Ohelo, aalii, and pukeawe are
shrubs which are found in abundance. The stone wall
marking the upper boundary of the Kapapala grazing lands
"was pas ed at 9 a. m.. and from that point the vegetation
quickly thins out. At the Rest House, elevation 10,000 feet,
which was reached at noon, only a little scattered grass
and ome stuntecl ohelo and pukeawe are to be found.

Rangers Brumaghim and Lee left the party at this
point to mal{e camp at the Rest House for several days

while marking the uppet" part of the trail. The rest of
the party, after a short rest for lunch, continued on to the
summit which ,vas reached at 5 p. m. Camp was macle in
the "Hotel de Jaggar," a par~ly collapsed lava tube on the
northea t rim of Mokuaweoweo. The guide returned to
the Rest House with the animals which he reached about

:30 p. m., after a trying trip in the dark.

The "Hotel de Jaggar," which bas been used for a
camp by parties staying overnight at the crater, and by
"Wingate's topographic party in 1925, was f:mnd in rather
shabby condition. 1 TO attempt at policing the camp ap­
parently had been made for some time.

Due to lack of precipitation on the mountain in the last
few yeat·s, cracks which held a quantity of ice in 1925 were
nearly dried up and such moisture as remained was frozen
SJlid to the bottom. An ample supply, however, was
chippecl out with a small pick and melted over the fire,
for water for the party.

The topographic party in 1926 and 1925 used two small,
one piece, kerosene stoves for cooking at the summit camp.
On the pre ent trip, charcoal wa carried up for fuel and
leadily proved its superiority, being much easier to pack,
and making a more even fire for cooking, as well as being
cleaner and les offensive.

December 1 was given to an exploration of the ea t
side of the north embayment. and along the east rim of
Mokua \\'eo \\'e 3 as far as "Wilkes camp ruins, from which
point the return to camp wa made by following the out­
lying fault cracks which parallel the east rim of the crater.
The party had intended to continue to the south end of the
crater, and the head of the upper 1926 flow, but the sky,
though dear until noon. had become overcast and threaten­
ing, and by 2: 30 p. m. snow wa falling. During the rest
of the afternoon and the evening of December 1 about
three-fourths of an inch of snow fell.

The observations made. from a volcanic ,tandpoint,
show some changes since 1926, but nothing significant was
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Hanalei Peak December 1, 1931, one of the huge cones of frothy lava and slag built
up along the northeast rift by the fountains at the source of one of the recent "rift

flows." Photo Doerr.

noted. The principal change appeared to be the shifting
of the main fuming area from the central part of the
crater, in the vicinity of and to the west of the cones of
1903, to the area of the main cone of 1914 in the south­
west part of the crater. This cone was steaming strongly
and considerable fume was vi ible at the sunken area we t
and south of it, and along a few cracks tJ the east. On
the northwest part of the sunken area west of the cone,
new patches of sulphur have appeared which are brilliant
yellow in color. Steam appeared over this entire area.

Some steam and a little fume were visible in the
central part of the crater, which Mr. Doerr said was less
than on his visit of November 10 of this year.

Steam along the northeast rift appeared iu about the
same places and amount as in 1926. Three spots on the
floor of the northeast embayment were seen steaming in
cloudy weather, and steam appears at one point on the
south lunate platform.

As a base for reports by future visitors, a map was
prepared showing the locations of the above points with
the approximate strength of steam and fume recorded,
based on the assumption that very voluminous fume might
become visible from the Yolcano House, 22 miles away, on
a clear day. It is hoped that by this means some check
may be kept on visitors' data at the summit crater.

A number of striking geological formations were hur­
riedly examined. The trail approaches the northeast end
of the crater for the last quarter mile over a very shelly
pahoehoe flow, which is mantled with khaki·colored pumice
and lava froth. The pumice was formed by lava fountains
in the northeast rift from which the lava wa extruded.
This surface flow was formed before the northeast embay­
ment of the crater had reached its present size and shape.
lt is plainly seen that the walls of the crater are being
extended by cracking and slumping of the lava at the
edge, and the blocks of wall, which have dropped down
most recently, are made up of the same pumice-covered
pahoehoe which forms the rim. The floor of the northeast
embayment is covered with younger lava which laps up
on, and partly buries, some of the huge blocks which have

fa~len in from the wall. The southwest wall of the north­
east embayment slopes rather gradually in its upper part,
then i cut off sharply by a cliff down to the la,-a 1!Jor. A
small gush of lava has broken out through the loose blocks
of the sloping part of the wall and flo'wed down into the
crater. However, this flow i cut off sharply at the cliff.
Apparently this small side flow poured out at a time when
the crater was filled with lava to the level of the top of
the present cliff. Since then, the whole floor of the embay­
ment has sunk many feet, leaving the small feeding flow
suspended far above the present floor.

In the southeast side of the northeast embayment is
a pit almost circular in shape, much like Halemaumau only
a great deal smaller and a little over a hundred feet deep.
This pit does not appear on a map of the crater made in
1872, but is shown on one drawn in 1885 (see discussion
by T. A. Jaggar in Volcano Letter No. 360). On the east
wall of this pit are several patches of cascade lava,
remnants of a large la,-a fall which spilled over the east
rim into the pit. This pahoehoe flow came from several
large cracks in the outer rim of the main crater about a
half mile to the south, and at 200 feet higher elevation.
The la,-a poured out from the cracks, flowed north down
the steep slope till it reached the northeast wall of the
northeast embayment. Here it piled up high on the wall,
then spilled over westward into the small pit. As the lava
flowed into the pit, the level of the pond receded about 20
feet, leaving a "high lava mark" of cmst and spla h along
the northeast bank. Part of this same flow tumbled west­
ward over a 200-foot cliff into the main crater. At the
same time that the flow was pouring out of cracks on the
top of the rim, another flow with its fountains was pouring
out from cracks in the sloping floor of the main crater
200 feet below and almost beneath the fountains of the
rim flow. The lavas from the two vents, one 200 feet above
the other, flowed together on the floor of the main crater.
This same strange phenomenon took place in the 1851
eruption from the southwest side of the main crater, only
here the difference in elevation, between the floor foun­
taius and the rim fountains was over 300 feet.
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While at the l:;ummit all of the part)- suffered from
severe headaches and to a slight extent nausea, possibly
in part due [Q charcoal fume.

The lowe t temperature recorded on the trip \Va 22 0

F at 6 a. m. on December 2.

Very few goats were seen either on the ascent or
descent. The descent was made without event, though rain
fell over most of the region below the Kapapala toue wall.
Park headquarter was reached at 6:30 p. m. December 2.

E.G.W. and H.A.P.

KILAUEA REPORT No. 1C39

WEEK E~ -DlXG DECE:\IBER 2 , 1931

Section of Volcanolo~y, U. S. Ge)logical Survey
T. A. Jaggar, Volcanologist in Charge

Halemaumau pit remains stationary and inactive and
the increased eismi activity of the previous week proved
temporary. At the IJit a few rock were heard falling at
the north we t wall at 9: 55 a. m. December 14. rack
mea urements sh)wed a decrea e of width SE. and slight
widening E and I"E. Crack marh ,-0. 25, Which receutly

:..~ - -. -,.:-.-- ..

howej exce ive widening. i now stationary. A noi y
avalanche wa heard at 4:10 a. m. December 16, and ub­
sequent inspection of Halemaumau showed fre h debri on

TE talus. There were other fresh scar on the walls NW,
S, and SE. Crack measurement hawed no change in
the rim.

During this week the Park force has excavated a new
sei mograph cellar near Halemaumau and construction is
in progre .

Thirty-four ei mic disturbance were regi tered at
the Ob 'en-atory, of which 2 were tremor. and 6 were
very feeble earthquake . of which four indicated origin
di tance of 4. 9, 14. and 1 miles. The la t at 10 minutes
pa t midnight the mOl'11ing of December 16 wa felt at
Kapapala Ranch. It· duration was approximately 15 ::.ec­
ond and its estimated origin distance agrees with tho
ranch dislance within a mile.

Microseismic motion wa hea\'y December 14·16, mod­
erate to heavy December 17-19. and very heavy December
20. Thi was probably due to heavy sea on the Hamakua
cliffs. Tilting of the ground wa moderate E, "E. with in­
crea,e and chauge to the ea t beginning December 16.

Hotel de Jaggar, the collapsed lava tube which is used as a camp by parties staying

at the summit. The "bedroom" extends back about 20 feet behind the men in the
"'kitchen." Photo Doerr, Dec. 1, 1931.
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Map of Mokuaweoweo, the summit crater of Mauna Loa, by E. G. Win,:!ate, surveyed in 1925·26, U. S. Geological

Survey.
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The outporing of lava November 19, 1930, which prepared the floor for the eruption of December 23, 1931. The 

bright fountain at the left built a big cone, and the high ha lf-dome against the talus a t the back was the grotto 

of 1929. The new crack of 1931 extends straight across the middle of the floor between these two, and the new 
fill covers all of what is here shown by about 100 feet. 

JOURNAL OF HALEMAUMAU ERUPTION DECEMBER since 1924 has been one a year. The last outbreak ended 
23 27, 1931 

Ther e is mnch about this e rnption identical in character 
with those of 1927. 1929, and 1930, each of which tended 
to add 50 to 60 feet to the bottom of the pit after the Java 
had shrunk and solidified. and each tended to break out 
a long a crack either diagonally across the former floor or 
tangentially a long the former edge of the floor. The dura­
tion of these ern ptions varied from a day to three weeks; 
it is quite in order for such a n eruption to develop in­
cr eased violence of fountaining even when it is dwindling, 
as the spurting fountains are indicative of clogging vents. 

There has been a series of events pointing to the coming 
of this eruption. T he interval average for seismic ~nd 
volcanic cr ises in Hawaii during the last 20 years has been 
one year, and the average of outbreaks of H alemaumau 

December 7, 1930. so that now an e ruption was expectable. 

The tilt instrnment near the southeast edge of Halemaumau 

has s hown 50 seconds of tippin g of the ground away from 
the cen ter of the pit since the last eruption, suggesting up­
ward pressure. The tilt in s trument at the Observatory on 
the northeast rim of Kilauea Crater has shown tilt away 
from the crater center of 5.4 seconds to the northeast be­
tween November 30 and December 20, 1931, suggesting up­
ward pressure in the mountain. Finally came th e rim 
block avalanche on the northeast edge of H alemaumau 
December 7 and th e excessive number of seismic disturb­
ances for the week ending December 13, 1931, followed on 
December 23 by the smart local earthquake in the forenoon 
that left 15 scars of avalanches on the big west bluff of 
Kilauea Crater , and left the walls of Ha lemaumau pi t con-
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tinually sliding for hours. This was undoubtedly the actual 
rending asunde r of the inner heap which constitutes the 
floor of Kilauea Crater. 

December 23. 

W hen the dust cleared after the earthquake of 10: 38 a. 
m., Wingate saw that avalanches had fallen around the 
northern walls of the pit, scattering debris and dust on the 
1930 floor. There wer e scars on the walls and in some 
places r im rock had fallen, while 15 whitish scars on the 
great west wall of the big crater m arked places where 
avalanches had fallen. Before the ear thquake the rim 
cracks measur ed had shown no opening and the sulphur 
patches on the 1930 floor shown no fume, this being at­
tributed to dispersal by strong northeast wind. After the 
earthquake there was no visible increase in fume. Sixteen 
crack points on the edge of Halemaumau were measured 
and showed increases in width up to more than an inch in 
places. A la r ge block on the east rim had moved as a 
whole, and fresh cracks in the dirt appeared along the 
north, east, and south rims. Small slides wer e continuous 
for hours. After 2: 15 p. m. six large slides were counted 
in 20 minutes. About 2: 40, when he was working at sur vey­
ing stations back of the rim, Wingate heard a low, rumbling 
noise not like an avalanche. He ran to the edge, where 
heavy fume clouds had already reached the rim level and 
were spreading about the inte rior of the pit. The whole 
floor was rapidly cracking open along a straight line 
athwart the middle of the bottom beginning at the south­
west under the rift tunnels. Lava fountains ther e started 
up and spread to the northeast along the crack. 
Voluminous fume followed immediately after the 
first cracking, and the molten lava a ppeared following the 
fume. The whole t ime consumed for th e break was prob• 
ably less than half a minute. It was just at this time, 
2: 36 to 2: 39 p. m., that the seismographs at the Observa­
tory showed s udden development of continuous harmonic 
tremor from slight to strong. 

Wingate reported visibility bad, but the botttom crust 
appeared rather to be pulled apart than to be heaved up 
and broken. There was undoubtedly tumescence. He was 
in imminent danger of asphyxiation, but went to the Park 
phone and could get no answer. He returned to the rim 
for a few seconds and saw spatter from the fountains 
blown high over the rim wall. Some of this from later 
fountains has been collected, ligh t brown basaltic pumice 
like the "thread-lace scoria" of the Kilauea Iki r egion, and 
like the first ejecta of the Mauna Loa cones. Hasty count 
showed him 17 large fountains with the two strongest at 
the northeast end of the crack across the bottom of the pit. 
Then h e ran for his car, badly gassed, and succeeded in 
escaping to the Keanakakoi sandspit where the air was 
clear. The s un was obscur ed for a time, appearing as 
though viewed through smoked glasses, bluish over the 
pit against a dark background, and reddish brown in trans­
mitted light where it blew away and was seen against the 
sky. This was the first time that a scientific observer 
here watched details of first outbreak inside the pit, and it 
will be remembered that it was Mr. Wingate's party, en­
gaged in topographic surveys, that was camped n earest to 
the place of summit outbreak on Mauna Loa in 1926. 

The outbreak at the Observatory was observed by the 
change from rising dust to ris ing fume, and by the sudden 
development of harmonic tremor at the instruments. Also 
there was sudden change at the time of the earthquake in 
tilting of the ground from northeast to south. 

At 4 p. m. the volume of fume rising was greater than in 
any recent eruption s ince 1924, and the eddying tornado 
effects due to convection from the large number of foun­
tains, including the four enormous dome fountains at the 
north end of the bottom crack, coupled with the high wind 
from northeast, submerged ·the road terminals u nder clouds 
of sulphur dioxide. The fume and grit were bad on the 
r oadway from Uwekahuna to leewar d of the pit. From 
the north lip of the pit about 30 fountains were counted 
making a great roar, in a nearly straight line, after dark• 
ness began to fall between 5 a nd 6 p. m., but the seeing 
was poor. There was a lready a great lake with bright 
lines between the skins, spreading out over the whole of 
the inner mound of 1930 lava. At 4 the glowing froth had 
been seen flowing away from the fountain line, at 5: 30 it 
was already a flat lake covering the irregularities of the 
1930 floor. T herefore the volume of inflow in the firs t three 
hours was enormous. The poisonous blue fume tended oc­
casionally to spread in a low layer to the eastward, so that 
it was n ecessar y to make a wide detour. A fortunate 
photograph at 7: 30 p. m. by Higashida s howed four large 
fountains at the corner s of a square under the northeast 
s ill, with a small fountain in the middle, and a grotto 
fountain against the bank, while the line of smaller foun­
tains extended southwestward across the middle of the 
lake in the line of th e two eastward big gusher s of the 
square. The c;rack proved to be very slightly offset to the 
west from the rift tunnels in the southwest Halemaumau 
wal l. The inward convectional draft was from the north 
and west, and the brown clouds boiled up and rolled off 
over the desert to t he southwest and southeast. Spurts 
from the big fountains were probably several hundred feet 
high, but they could not be measured. Pellets of pumice 
and Pele's hair fell to leeward. The line of smaller foun­
tains were partly merged, and partly isolated, and there were 
some outlying fountains, with concentric patterns of bright 
lines clear to the edges of the big lake. where there were 
outward-pushing toes and some minor grotto fountaining. 
The illumination at night was so brilliant that every detail 
of the ground could be seen by pedestrians. 

December 24 

At 2 a . m. the amplitude of th e· continuous tremm: dimin­
ished to about half, and at 5 a. m. increased slightly, and 
thereafter continued. This was the index of the cessation 
of the big northeastern fountains . At 3 a. m. Powers re­
ported the fountaining almost stopped except for a few 
bubbling spots a long the rift line. The bright-line pattern 
of the lake s urface extended to the edge of the new fill. 
The liquid lava had reached the rock cliff, covering the low 
talus NNW. Both 1929 and 1930 s patter cones appeared to 
be covered. 

At 10 a. m. the botttom appeared to be a continuous leaf• 
shaped lake with nearly flat floor, the line of fountains 
making a short belt of big domes southwest of the center. 
This was extended by small bubble fountains in both dir ec­
tions, ending at the southwest in a small grottto fountain 
at the bank which was increasing in size. There were 
traces of crust islands at t he southeast about where the 
1930 cone had been. The shore line of the lake bad made 
a nearly continuous rampart of congelation and piled crusts, 
interrupted at one place between the nor thwest and west 
taluses where the liquid lava appeared to be nearly against 
the rock wall. There was a cross line of small foun tains, 
nearly straight and at r ight angles to t he main fountaining 
line between the central group and the southwest grotto. 
There was another straight line of fountains parallel with 
th e central line across the northwest part of the lake. 
The crust nortwestward from the central fountains showed 
a pattern like a flow or belt of streaming. Small islets 
wer e forming in front of the southwest grotto, and the 
central fountains showed s igns of migr a t ing southwest­
ward during the day. There wer e concentric skins of 
pahoehoe pattern. The northwest edge sh owed some cliffs 
in the rampar t facing inward. The southeast edge showed 
toes of flowing through the rampar t. The brightness at 
night was moderate. 
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Oecember 25 

At noon the nature of the activity was in general as 
before, but the gas pressure at the fountains was increasing 
.and there was apparent a change in the cross line of small 
fountains to become the arc of a circle concentric with the 
Jake instead of a straight rectilinear belt. The southwest 
border fountain was building a higher grotto against the 
talus, bright lines were radial from this grotto, and there 
was a cliff!et or infacing scarp along the northeast rampart. 
Rapid moving puffs of blue fume rose up the west wall 
from the fountains. The liquid lava about the centr al 
fountain belt made slow waves outward. The fountaining 
waxed and waned, some individual spurts going up 200 
feet during a t ime of high pressure, and the noise was lil,:e 
surf on rocks. There was a fine-meshed pattern about the 
central fountains bounded by a U-shaped curve of contact 
to the southwest with a broad horseshoe of coarse-meshed 
bright lines extending from the southwest grotto as a 
center away to the east and west so as to envelop the 
central more liquid pool. It was evident that the north­
eastern region was cracking and solidifying so that the 
1·ampart belt was widening inward, a nd measurements later 
_proved that the southwest was becoming a center of eleva­
tion with individual pools about the several fountains. and 
these tended to stream and make overflows northeastward, 
over something that was solidifying below. The lake was 
definitely against the WNW wall of the pit, without any 
rampart. 

December 26 

At 9 a. m. a new fountain had developed to the northeast 
of the elongated central belt, and the southwest grotto was 
now dominant with a large crescent niche behind it built 
against the talus. The lake edge was here irregular. At 
noon it was apparent that the northeastern fountain was 
sending streams radially outward to the nor theast and that 
the central fountains occupied the most liquid portion of the 
floor with a fine greenish pattern to the skins. This area 
was a thick crescent with two horns northward. The big 
strong fountains of the southwest grotto had built up a 
high canopy of spatter on the bank, a crescent wall with 
overhang which broke clown from time to time and imme­
diately built up again. A coarse bright-line pattern ex­
tended out to the north and east from this grotto with a 
surface in daylight like black satin. The central fountains 
were smaller and more separated. There were fresh over­
flows between the rampart and the talus at the east. 

December 27 

Measurements by the Observatory engineer on this day 
showed that lava covered the top of the 1930 cone to a 
<lepth of 50 feet, and the depths of the new covering 9n 
the irregular r elief of the 1930 mound were as follows: 

West Bay, 85 feet 
North Bay, 96 feet 
Northeast Bay, 98 feet 
Southwest Bay, 115 feet 

As there are shallower places over the big 1930 cone, the 
:average depth of the new fill was about 90 feet, its size 
2600 feet long northeast-southwest and 1950 feet wide, 
~overing an area of about 80 acres. Its volume is estimated 
.at 260 million cubic feet, which would amount to some 
20 million tons. If this had been distributed over the 
inter val fr om the beginning it would mean about 45,000 
-cubic feet per minute from all the vents. The height of 
lava lake above sea level at southwest grotto was 2773 feet, 
making the depth of the pit from the southeast rim 971 feet. 

At 10 a. rn. December 27 fountaining was more violent 
-and the lava from the central group of fountains had en­
croached on the southwestern crusted belt and on the 
11ortheast fountain pool. The later was fountaining steadily 
but with decreased strength. 

At 3 p. m. the northeast margin of the floor for perhaps 
one-eighth of the area had become bench lava. Marginal 
overflowing was active SE and N. The southwest horse­
.shoe lake was feeding flows at the edges, and the middle 
lake was spilling over a bench magma slope at the north­
east. At 5: 30 p. m. the northeast fountain was making only 
-a sluggish gushing, but the southwest grotto had become 
a very powerful continuous fountain with a high grotto 
behind it, and this was beginning to develop the true 

Mauua Loa type of spraying jet. Detonations now accom­
panied som e of the viscous bursts of the central area. 

At 11 p. m. the southwest fountain was sometimes 400 
feet high, overflow continued southeast, the lake was 
shrinking, and gas bubbles burst with loud reports. T.A.J. 

KILAUEA REPORT No. 10~0 

WEEK ENDING DECEMBER 27, 1931 

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

The past week has produced a new outbreak of lava in 
the bottom of Halemaumau pit about 2: 36 p. m. December 
23. This was preceded at 10: 38 a. m. by a strongish ear th­
quake highly localized and not generally felt at other 
points on the island. Mr. E. G. Wingate was close to the 
pit when the outbreak occurred, and heard a low rumbling 
which led him to look over the edge, where he saw heavy 
fume clouds filling the interior, and Java fountains star t ing 
at the foot of the southwest talus. The floor cracked open 
from southwest to northeast in less than half a minute. 
The floor broken a ppeared to be pulled apart with some 
tumescence. Spatter from the fountains was blown high 
over the rim wall, and 17 large fountains were counted with 
the two largest at the northeast end of the crack. Then a 
gale of dust, sand, and fume overran the tourist station and 
it was necessary to retreat to avoid asphyxiation by sul­
phur dioxide. The sun was obscured by a brownish cloud 
seen to be blue in reflected light. Lava during the next 
11 hours foamed into the pit in e normous volume estimated 
6500 cubic feet per second, and the density of the fume 
cloud was very g reat for Kilauea. The two or three 
enormous fountains at the northeast end of the line inside 
the pit ceased action about 2 a. m. December 24, the fume 
climinished, and normal conditions were restored wher eby 
the southeast road terminal became accessible. The foun­
taining continued in a belt of big centra l gush er s and a 
grotto fountain at the talus at the southwest end of the 
line. Before the cessation of the big fountains, the brilli­
ancy of the pit at night exceeded anything seen thereafter, 
and about 30 fountaining points were counted along the 
straight line of vents that crossed the middle of the b:ittom 
of the pit in the direction of the Kau Desert rift. 

On December 24 there was a line of small fountains 
straight across the south end of tile lake at right angles 
to the main rift, and another line parallel to the main rift 
across the northwest part of the lake. Is lets of crust ap­
peared about where the 1930 cone had been. On December 
25 a more liquid pool was defined about the central foun­
tain, ther e had now developed a rampart all about the lake, 
and t he southwest fountain was building a grotto. There 
wer e brilliant radial and concentric patterns about the main 
fountains, and the gas pressure was increasing so as to 
fling up individual spurts 200 feet into the a ir. December 
27 there were three principal fountaining areas with 
streaming nor theastward in concentric horseshoes. The 
gas pressure was still stronger and tending to concentrate 
southwest in spraying jets sometimes 300 feet high, build­
ing a huge spatter niche, while the central fountains made 
detonating puffs of blue fume. Measurements showed the 
average fill to be 90 feet deep above the 1930 floor and 
about 260 m illion cubic feet of new lava had poured in. 

Prior to the eruption there were 11 tremors and 7 very 
feeble earthquakes recordecl. Four indicated origin dis­
tance four miles. The earthquake of 10 : 38 a. m. December 
23 was strong enough to over turn some objects, especially 
on Uwekahuna Bluff, and would rank as grade IV R. F. 
Two very feeble shocks occurred after the eruption. Traces 
of continuous volcanic tremor appear ed after the 10: 38 
a. m . earthquake, became quite continuous at 2: 36 p. m . 
December 23, reache d a maximum at 2: 39 p. m., and con­
tinued so until 2 a . m. December 24, when th e big foun­
tains stopped, and the continuous tremor diminished in 
amplitude. Decembe r 24 at 5 a. m . th is tremor increased 
slightly and has continued ever since. Microseismic mo­
tion has been moderate to heavy, and tilt changed suddenly 
at the time of the strongish earthquake from moderate 
ENE to strong S. The pit seismograph has for months 
been indicating tilt away from the center. 
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Map of the lava floor of December 1930 with 10-foot contours for the bottom area, showing the big 1930 cone and 

solidified lake at the south, from which the rest of the bottom sloped away as a mound. The cone of Ju ly 1929 is 

shown at the left. All of this is now buried by the new eruption, and the grotto center of 1931 is just south of the 

1929 cone. 

THE VOLCANO LETTER 

The Volr.a n o L etter combines the earlier weekly of that name, 
with the former mon thly Bullet in of the Hawaiian Volcano Ob­
ser vatory. It Is published week ly, on T hursdays, by the Ha­
waiia n Volcano R esearch Association, on behalf of the section 
of volcanology, U. S . Geological Sur vey. I t pr omotes experi­
m en tal recorJing of earth processes. 

Readers are requested to send articles, photographs, publica­
t ions a nd clippings about volcano and ea rthquake events, in -
11t rumen ts a nd Investigations, especially around the Pacific. 

Subcriptl on for non-members t wo dolla rs per year of 52 n um­
ber s. Address the Observatory. 

HAWAIIA N V OLCANO 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 t hree places near Kilauea Vol-

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

lllember ship in the H awaiian Volcano Research Association ls 
limited to patron s of Pacific science who desire personally t o 
aid in supporting the work. 

The work of volcano research so su pported is in collaboration 
with the work of the United States Geological Survey, but sup­
plements it with buildings, resear ch fellows, instrumental plants, 
explorations and specia l investigations for which there is no 
governmental provision. The Geological Survey maintain s vol­
cano station s in Alaska, California and Hawaii. 

The Board of Dir ectors includes Arthur L. Dean, President; 
Fra nk C. Atherton a nd ,valter F . Dillingham, Vice-Presiden ts; 
L . T enney P eck , Treasurer; Wade Warren Thayer, Richard A. 
Cooke a nd Wallace R. Farrington. 

Persons d esiring application blanks for m ember ship ,($5.00 or 
more) should address the Secretary, H awaiian Volcano Research 
Association, 320 James Campbell Building, H onolulu, T. H. 

The Volcan o Letter is not copyrighted. Editors please cr edit. 
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