
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/


THE VOLCANO LETTER
No. 503 u. S. Geological Survey

PUBLISHED BY THE UNIVERSITY OF HAWAII

U. S. GEOLOGICAL SURVEY: R. H. Finch, Volcanologist

UNIVERSITY OF HAWAII: T. A. Jaggar, Geophysicist

THE MAUNA LOA ERUPTION OF JANUARY, 1949

By GORDON A. MACDONALD and RUY H. FINCH

U. S. Geological Survey

January-March, 1949

HISTORY OF THE ERUPTION

~[auna Loa re umed eruptive activIty on January , 1949,
after a period of quiescence f G years and 8 month. The erup­
tion which was confined to the 'ummit caldera, ~[0kuaweoweo,

and'to the upp I'm .t part of the southwest rift zone, is to be
c1as:cd as a ul1lmit eruption. Following the Aank eruption of
1942 on the northeast ri ft it thus c ntinue the alternation of
summit and Aank eruption' which ha existed since 1926.

At 4: 15 p.m. on January 6 a dull rumllin Y \Va. heard at the
Hawaiian Volcano Observatory, apparently onglllatlllg at the
summit of 11auna Loa, 20 miles away. From the b ervatory,
the summit was hidden by a heavy cloud layer along the south­
east rn lope of the m llntain; but from Hilo to "Mountain View,
on the ea tern slop. the vit;w f the summit was unobstru ted.
,\t about 4 :00 p.m. B. F. 1f omaw of the 1\ational Park Service
saw, frOI11 the highway a short distance southeast _ f Olaa~ a puff
of fume rising from the summit, t about 3 :4:J or 3 ::>0 p.l11.
Mrs. \Valter 'klunr! observed fum at the ,ummil of the moun­
tain, from th' highway in southern Kau. The reg-istratioll of
c ntinuous tremor nn the Bosch·Omori eismograph at Kilauea
began at 3:47 p.m., indicating the movement of magma in th
conduit at that time.

Th precis time of beginning of the eruption thu i uncer·
tain. It seem probable that some harmonic tremor may have
preceded arrival of the magma at the surface. and therefore the
probable time f beginning" of 'urface la\'a activity may e
placed between 3 :50 and 4: I5 p.m. The arrival of lava at the
slldace may have been preceded by an increase in the amount
of fume being liherated at the summit of the mountain.

The heavy rumblin sound, audible 20 miles a Yay, indicate
that some f the early bursts f ga liberation \\'ere of explo ive
violence. There i no kno\\'n pre\'ious in lance of such s und.,
originating- in summit activity of ),J auna Loa, being- audible at
Kil uea. The audibility may ha\'c been partly thc re~ult of
reAection fr m a high cloud layer which extended above thc
summit of ~Iauna Loa at the time. The strength of the early
bursts is further indicated by the finding- of pumice at 11,000
fcel altitude n the northea tern flank of the mountain, 7 miles
frolll the nearest lava fountain., and of PcIe's hair at Kulani
Camp, 20 miles east of the fountain:.

The lava broke out along a fi sure which xtended. uth­
southwc ·terly across the floor of ~Jokua\\'coweo caldera from a
poi nt n rth of its center, up O\'er the bmllldary cI i ff of the cal·
dera. and about 1.7 miles down the southwestern Aank of the
mountain. The distribution of glow, as seen from thc olcano
Observatory indicated that la\'a fountaining \\'as nearly, if not
completely: ~ontinuous along this crack, a distance of about 3

milcs. On the morning of January 7, D. H. Hubbard of the
. 'ational Park ervice observed the acti\'ity from the air and
reported that t\\'O fountain areas \\·e.re till acti\'e n the south·
west rift. HO\\·c\'er. b\' the mornlllg of January 9 a\'lators
reported onl\" fume along the fis ures outside the caldera, excepl
for Yen' we-ak intermittent fountaining and hart Ao\\' at one
point. ,.\5 is u 'ual with ummit eruptions of Iauna Loa, activity
outside the caldera la ted only a relativ Iy few hours. \\'ithin
24 hours it was largely O\'er, and within 72 h lIrs activity was
entirely confined within the caldera.

The short-! i\'ed fountains, on the upper part of the s uthwest
rift out. ide th crat 1', "'a\'e \'ent to a copious outpouring f lava
during the fir t few hour. of the eruption. This la::a formed
se\'eral short Aows in addition to me long Ao\\' \\'!lIch move
rapidly westward just north of, an~1 partly overlying, the lava
Aow of 1851. (See fig'ur 1.) In Its first 24 hours. thIS Aow
advanced about 6 miles. It was ·hort·lived. howe\'er; with the
dying of fountain activity outside the caldera the 'upply of lava
wa. cut off, and by January 8 the flo\v appeared to be essen·
tially dead. The lower end f the Aow reached an altitude of
about 8500 feet. 6.5 miles from its source.

On tl~c afternoon of ] anuary 7, lava fountain activity within
the caldera itself had become reo tricted to t\\'o hort lengths of
the fissure. Xorth of the 1940 cinder c ne, near the middle f
~[okuaweoweo, a nearly continuous line of fountains hal f a mile
lon' played to an average height of about 50 feet with occa·
sional bursts up to about 150 feet. nearly as could be ascer,
tained. the e fountain' \\'ere situated on or close to a zone of
fuming fissures which had been bserved b~' ~lacdonald and
PO\\'er in ctober 1948 (\'OLc'\XO LETTER 02). From these
fountains a mall lava stream moved \\'est\\-ard. forming a pond
of la \'a twcen them and the we tern caldera wall; another
larQ:er Aow wa moving ea tward,

The other active portion of the fi sure was ituated at and
clo. e to the base of the southwe tern wall of the caldera. There
a small fountain played intermittently from the fissure directly
at the base of the wall, with cca ional purt fr m the fis ure
part way up the wall; a much larger and . teadier fountain
play I a short di tance out from he wall on the caldera Aoor.
The larger fountain hot con-tantly to heights of 150 to 200
feet. with occasional bur. ts as high as 300 feet. T 1e fountain:
at the southwestern dge of the caldera sent a Aow northward
int the caldera \\'est of the 19-10 cone joining th A \I' fr m the
more northerly group of fountains, and another Am\" eastward.
The flow to the east divided. s nding one branch in the direc­
tion of South Pit and anothcr northeastward along the base of
the aldera wall. The latter branch joined the Aow from the
northern fountain-chain. leaving the 1940 cinder cone and part
of its surrounding lava shield protruding as an island in the
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PLJ\TE 1. Eruptive fissure extending up over the southwestern wall of Mokuaweo\\'eo caldera and on c!u\\'n the
south we t rift z ne of 1faulla [oa, on the morning of January 7. 1949. Large lava fountain are playing from the
fissure at tbe base of the caldera wall, and smaller ones 'all be seen in the background along the 'lluthwe~t ri ft.
In the f reground, new lava is pouring onto tbe caldera floor, and to the left into South Pit. OFl'ICf.\1. PIlQ1'OCHAPJI,

u.... XAV\'".

Pun: 2. Spatter rampart and small lava fountains along the fuming- fissure n the upper part of the sCJutll\\est
rift zone on the morning- of January 7, 1949. The upper part of the western lava flow is vi"ibIe ju,t kit of the
fi ·surc. 1fokuaweow 0 caldera and the summit of Mauna Loa are in the background. OFF1 ·f.\L PUOTOGH.\i'll, 1;. S.

XA\,Y.
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ne\\' lava. The eruptive fi. sure split the 1940 cone and the cone
\\'as fuming strongly. l)uring the earliest h urs of the eruption
a slllall amount of la\'a 'pilled from the fis nrc at the base of
the cone. but by the morning of january 7 these AO\\'s were dead
and had been partly I uried by lava frolll the northern and
southwestern fountains. BI' the afternoon of January 7 more
than two-thirds of the alciera Aoor had been flooded with new
lava. largely pah choe.

The fountain-chain ncar the cent I' of 110kua\\'eoweo was as
short-lived as the fountaining oUbide the caldera. J\t 2 :00 p.m.
Oil january 9 a :\avy pilot reported that the fountains i'n the
middle of the caldera had entir~ly stopped although the spatter
rampart built hy th 111 \\'as still fuming str ngly. At that time,
and for the n xt sev ral days, reports from plane Aying over
the mountain indicated that the fountains at the base of the
southwest wall were continuous but were varying greatly in
the strength of their activity. Lava from them continued to
pour both into the caldera and into South Pit. Pountain acti\'ity
\\'as building a cinder cone against the caldera wall.

For a week or more the southw stern fountains appear to ha \'C

remained of mall, although variable. size. A fter that, however,
they greatly increased in height, ultimately becoming what Illay
ha\'e been the highest fuuntains yet ob en-ed on 1faulla l,oa.
On January J9, a Cnited Airlines pilot t'eported t\\'n large
f untain . 400 to 500 feet high. n January 21. Frank Hjort
and James Orr of the l\ati na! Park Sen-icc reported two
fountain., one shooting from the fissure in the lower part of
the calrlera wall, and the other on the caldera floor about JOO
feet from the wall. The fountains were huilding a compound
cinder and pumice cone. The wall-fountain was th smaller
of the two. Th larger fountain they estimated to be 300 to .100
feet high. On january 23, Orr and D. H. Hubbard estimated
the height of the large fountain to be well Over 500 feet with
some of the higher bursts p0ssibly I' aching 1110re than 800 feet.
These very high fountains. together with strong shifting winds.
resulted in wiele distribution of Pek's hair vel' the southern
part of the island, from ):apoopoo on the western coast, 21 miles
from tlte summit of 11 auna Loa, to the Kau Desert and Kilauea
caldera, an equal distance southeast of the summit. Tlte higlt
fountains produced an exceptionally large amount of pumice.
The accumulation f this pyroclastic pumice around the vent
built up a pumice cone which was banked against the aId ra
wall and ventually o\'ertopped it. projecting approximately 100
feet abuve the old rim of the caldera at that pnint. and resting
pat-tly on the outer slope of the mountain. ( ee figure :2.) \\'est
of the cone a blanket of pumice c vel's an area about a mile
long and half a mile wide anel attains a depth of as much as
20 feet ncar the base of the cone.

!cljort and Orr rep rt that on the night of January 21 the two
fuuntains w re inclined somewhat toward the cast ,md that mllst
of the ejecta fell into a pool of la\'a at the eastern, breached side
(If the con. Thence the Java mO\'ed eastward in a pahoehoe
river about 7.1 feet wide, spreading into aa AO\\·, about half a
mile from the Yent. During the afternoon and evening there
was no evidence of lava moving into South Pit. At 3 :00 a.m.
on january 22 there occurred a moderate earthquake, which
apparently broke the rim of the pool at the east base of the cone
and allowed two new Aow of aa t(l pour into South Pit. .\t
that time most of the early Aoods of pahoehoe on the caldera
Aoor had been buried by later flows of aa. The ~ outh ] ,unate
Platform, which in 1914 furmed a conspicuous crescentic bench
at the southern end of the caldera, had been almost wlwlly bmied
by new flow. lts north-facing e carpment, now totally obliter­
ated, had been progressively lessened in height by infilling of the
inner pit of the caldera in J933 and 1940.

Cln Januar_" 23. Orr repurts, the fountains were pulsating, the
wall-fountain with a period of about.) seconds ilnd the larger
fountain with a period of about J :econd. The temperature of
the wall-fountain app ared to be a little higher than that of the
larger fountain.

The lava fountaining was accompanied by the liberation of
huge yolumes of fume, smelling strongly of sulfur dioxide. On
january 261he pale brown fume cloud could be seen extending
at least 30 mile'S soutll\\'est of the. ummit of the m untain. Cln
Februarv J and 2 sulfurous fume was noticed bv residents from
l\orth ](ona to \Vaimea, 40 mile north of the: summit of the
mountain.

The lava pouring into South Pit gradually filled it to the
point of overAow. On January 2.1 Ercell Hart of the Hawaiian
School of Aeronautics reported that the lava fill had reached the
le\'el of the low southeastern rim of the pit; late on the same day
the pit overAowed. The lava stt-eam m()\'ed southeasterly, and by
the e\'ening of the 26th it had attained a length of about 2 miles

from South 1 it. or 3 miles from its sourc at the fountains.
On the morning of January 27 the Aow \Vas moving in three
branches, and hy the evening f that day the longest of these
had reached a point about 3.'2 mil s frum South I it. Thereafter
the speed of advance of the Aow greatly decreased. ,11lel on the
evening of January 28 transit angles from the Volcano Ob,erva­
tory indicated that it had advanced only about 0.2 mile in the
preceding 24 hours. By thl' evening of january 31 the Aow­
front had reached a distance of about -l miles from South Pit.
but after that day it advanced very little. .

On january 29 or 30 a new braneh of the Ao\\' broke out ncar
, outh Pit, and this new branch appears to ha\T robbed the older
one of its supply of lava. The ne\\' stream ach'anced downslope
just ea t of the older on alld partly overlapping it. It moved
more slowly than the earlier Au\\' and eventually attained a length
of only 2 miles from South Pit. On the morning of February 7
it wa still advancing very sIO\\'Iy. Its advance probably ended
on February 8, t\\·u days after the cessation of lava fountaining
at the vent. On February 7 a small amonnt of movement was
still yisible ill the older flow also. Thi continuatiun of Illove­
ment of the Aows after the end of lava extrusion at the yent
pI' >bably resulted from draining of the still-Auid lava from the
feeding tubes in the Aows on the upper slopes of the mountain.

During the night of February 4 the fountain activity at the
southwestern dge of the caldera \Vas still moderately strong,
producing a pronounced glow on the rising fume colullln. By
mid-morning on February 5, ho\Ve\'er, fountain activitv had
become very weak and irregular, only occasional small -hursts
of liquid lava spray being visible in the cone. La va was moving
underground through a tube almost to the \'all of outh Pit.
Th re it issued in a small amphitheatral depression in slightly
older J949 aa, Aowed as a pahoehoe stream to the edge of South
Pit. cascaded down the wall, and spread slowly over the Aoor
of the pit as a sluggish aa Aow. The speed of movement of the
liquid la\'a in the cascade was estimated to be generally about
10 miles an hour, rea hing about IS to 20 miles an hour in a
short steep portion of the descent. On the floor of South Pit
the aa Ao\\ was spreading at a rate of only a few feet an hour.

bout 2 :00 p.m. a sudden increase in la\'a lib ration greatly
augmented the volume of the cascade and caused a brief rapid
spreading of aa tongues in South J it. "-ithin half an hour the
voluminous burst of lava was over. and by ;) :00 p.m. there was
nn further e\'idence 0 f mO\'ement of la\'a down the cascade into
South Pit. The Aows on the caldera Aoor also appeared to be
lifeless except for many small secondary fumaroles. On the
morning of Fel ruary 6 the cinder cone at the southwestern edge
of the caldera was visited; no further signs of activity could be
detected, other than slight glow in the iountain pits and yolumi­
nou. liberation of SO"-rich fume. Eve11 on its outer slopes, the
COlle was still red-hot only a few inches beneath th~ surface. The
!a\'a-pool and Aow-channel cast of the cone had been completely
drained, and collapse had exposed the end of the empty lava­
tube leading toward South Pit. Thus this phase of the eruption
came to an end on the a fternoon of F bruary 5, h'l\'ing lasted
just 30 days.

From February 6 to the dat of writing (?-Iarch 22) fume
frequently has been visible at the mountain top. On se\-cral
nights hsen·er. at scattered points on the southern part of the
island have also reported a distinct glow at the summit. Tllis
glow may have resulted from brief weak resumptions of lava
fountaining' or quiet outwelling of lava, or possibly from slump­
ing of portions of the h t cinder cone or of the cascade into
South Pit. exposing glowing material. However, at no time
when observers were actually present at the summit or Aying
over it in planes could any glow or lava movement be seen.

THE CONE

During the 'arly hours of the eruption th "curtain of fire"
which issued along the upper part of the southwest rift zone
<lutside of the caldera built a long row of spatter ramparts and
small spatter cones. These ranged up to about 20 feet in height.
but were mostly less than 5 feet. \ similar ,patter rampart
was built by the fountain-chain in the central part of the caldera.

The tr 1e cone building was restrict d to the hill', long-lived
fountains at the southwestern edge of the caldera. The cone
built there is one of the largest on ~I auna Loa, rivaling in size
that of the 1 40 eruption. The big cone is built on a broad
!<l\'a shield which overJi s the former South Lunate Platform.
The cone itself is compound. f\ n outer con , breached on the
eastern side, consists largely of fine cinder and pumice and rests
partly on. the outer slope of the mountain and partly on the
caldera Aoor and against the boundary cliff. (See figure 2.)
The top of the outer cone is about 100 feet above the former rim
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Fr<;CR( 1. ~fap showing the
approximate I cation of the 1949
la\'a flows and vents on Mauna
Loa.
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o 1000 feet

[:::::::'):-:'J Pumice and cinder cone

Cinder and spotter cone
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............

South
Pit

FIl; CRE 2. Sketch map of the
cOile area of the 1949 eruption.

of the caldera wall and 250 ket above the la\'a shield at its
base. Its maximum diam tel' is about 1,500 f ct..\t the eastern
edge of the large COIH.:, and partly enclos d within it, is a small
double conc of coarse cinder and ,patter, built around the final
sites f the two lava fountains. Each rater of the small cone
also is breached on the eastern side. The inner cone probabl)
\,-as built during the stag-e f reduced gas pressure and lower
fountains which directly preceded the end of the eruption. This
decrease in gas content nf the la\'a in the declining tage al 0
result ~I in the deposition of a few rather dense black "pan­
cak .. and riblXHl bombs on the surface 0 f the pale brown pumice
on the s uthern lope of the outer con .

The thick accumulation of eje ta against the h lUndary cliff
of the caldera app ar to ha\'e ca'u,ed the northeastward migra­
tion of the smaller uf the two one-building lava fountains. On
January 23, when the cone wa visited by Orr and Hubbard,
the fountain was ituated directly again t the caldera wali. I y
the end uf the eruption. however, it had moved outward to
the .outhernmost ,f the two small cinder and . pat! 'I' 'one5,
about ISO feet northea t of the ba e of the wall.

La\'a escaping from the cone formed a pool on the lava shield
just east of the cone. then drained eastward through an open
lava river channel, anel 'outheastward through tubes toward
South Pit. At the end of the eruption the lava pool was drained
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white sulfo-. alts. On the surface f the pahoehoe near the zone
where it issued from beneath the aa there was form d a series
of minute, tensional fault scarps. up t 8 inche high, facing
down-Aow. n the face of some of these scarps th re is fund
a modcrately good development of dcndritic lava. Downslope
the pahoehoe gives place to aa, and most of the southern flow
is aa, averaging 10 to 15 feet thick.

The approximate area and v lume vf the 19-19 lava and of
each f its principal division are shown in table 1, The figur s
are not of great accuracy, and indicate only an ord'r f magni­
tude. The total volume of the lava. 71 million cubi yards. is
somewhat less than the volume of the la\'a of the 1940 and 1942
eruptions, each of which approximated lOa million cubic yards.

TABI.E: 1. AllJo:A AXI) VOLU~[li OF 1949 LAVA

Temperature mea~urements with an optical pyrometer were
made on the lowing interior portion of a thick aa AOI\" in ~outh

Pit on the aft moon of February' 5. The glowing porti n of the
Aow was well exposed in a large crack. Three ob ervations
were made, all yielding readings close to 7 O· C. This tempera­
ture is believed accurate within 50°. The flow was e.sentially
motionless. hut was till crc ping a little.

Geiger counter observations were made by D. C. C x on the
hot lava in and close to 'outh Pit on the afterno n of Februarv
5. The number of cli ks in the earphone ranged from 38 to 45
per minute. This is of the same order of magnitude as results
obtained on the nearby lavas of prehistoric age and only sli htly
higher than those obtained by 11 rs. B. ]. Loucks on lavas of
Kilauea volcano ranging in date from 192J to prehistori·. The
results arc of the order f magnitude to be expected from c smic
radiation, and may have been caused by that alone. Dental
X-ray films were m lt1lted on a rock monument at the ummit
r st-house, 1.5 mile from the lava fountains, and exposed to

and its walls collapsed, exposing the m uth of a large la\"a tube,
about 35 feet hig-h. leading toward South Pit. (See figure 2.)
The large cinder and pumice cone also partly collap ed, pro­
ducing a northea ·t-fa ing scarp 10 to 15 feet high aero s the
top of tbe cone. Th po ition of the scarp \\'as o-overned by the
underlying caldera wall. ~ 'Iumping also produced minor scarps
on the outer slope (the cone.

THE LAVAS
Th early la\"a fl \\ S in ~l kua\\'eoweo caldera were almost

entirely pahoehoe, but as the eruption progre sed these \\'en~

largely covered by later Aows of aa. The depth of the fill in
?llokuaweo\\"co is difficult to estimate. but probably averages
about 20 feet.

The lavas erupted al ng the upper part of the southwest rift
arc pah ehoe ncar the I'ents, but a the flows m ved down lope
they gradually chang d to aa. The average thicknes of the
aa in the lower part of th flo\\" is pr bably about 10 to 12 feet.
:\Tear the vents the pahoehoe flows are very thin, averaging
from 2 to 3 feet thick. The flows near the vent were very
rich in gas and produced typical shdly pah ehoe with many
open tubes and 1listers covered by a rust nly a few inches
thide The surface of much of this pahoeh e i. a thin "hell of
brown pumice. similar to that formed n many paboehoe AQlI's
in the summit region of )'Iauna Loa. ( ee \' LCA);O LE'J'TER
502.) Downsl pe the paho hoc becomes denser and less shelly.

The lava. pilling into outh Pit was partly pah eh and
partlyaa. In cascading ver the cliff which .eparated outh PiL
frOI11 i\1okuaweoweo s me of the pahoeh e changed into aa,
probably because of the intense stirring of the liquid and loss
of gas. Many exotic blocks which tumbl d down frOI11 the older
lava flows exposed in the walls of the pit are recognizable in
th aa. Th depth of the fill in South Pit is about 50 feet. At
the low gap in the rim of the pit. at its southeastern side, pa­
hoehoe issued from beneath the aa. n arcuate ridge faa, 10
to 15 feet high, marks the underlyinf?; buried wall of the 1)it.
This ridge appear to have been pushed up by the pahoehoe
which issued from ben ath it.

Just sOlltheast of uth Pit the lava is pahoehoe, much denser
and 111 re massive than that of the earlier flow fr m the upper
end of thc southwest rift. The surface of the flow Ilear South
Pit is largely a very r ugh "shark- kin" type: over the major
tubes it shows an accumulation of ublimated sulfur and some

OII']'1 ,'OF TilE 'FLO\\'

1 r kuaweow () .
~ outh Pit . ..
\\' stern flow ..
Southern flow .

Total ..

AREA
(SQ. ]\fILE:

1.9
0._
31
0.6
58

I'OL JIlE
(cu. YARD )

40,000.000
8,000,000

16,000,000
7,000,000

71,000,000

Pl.ATE: 3. 1lokuaweoweo caldera. looking southwestward ')11 the morning of January 7. 1949. In the right fore­
gronnd is the northern fountain-chain and the lava flow leading eastward from it. In the middle distance the fis­
sure can be seen cutting through the 1940 cinder cone. which IS fuming strongly. OFFIe]tI!. VIJOTO(;RA1'H, u. s. :\.\\·Y.
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1 UTE 4. Lava fountain and
upper end of the \\"estern flo\\"
along the upper part of the
~ollth\\'e,t rift zon on the tnOnl­

ing- of January 7, 1949. The
spalter rampart ancl the main
1;I\'a ri\"(~rs (If the Row are clearly
\·isihle. I-I ualalai volcano is in
the hackground. OH'rCf,\1. I'IIOTO­
l.RAPII, \., S. X.\\'Y.

PLATJ' 5. La\'a fountains and flo\\" at the . ulh\\"estcrn cdg-c of ?I[okuaw O\\eO caldera on the ('vening- f Jan­
uary 19, 1949. The smaller fountain on the left i' the wall fountain. The larger fountain is about SUO feet high.
PUOTOGR.\PH BY K. OTAKI, ACE PORTRAIT STUDIO.
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radiation from the fountains for a period f 12 days, from
January 24 to February 5. These films sho\\-ed practically no
fogging_ ample, f th early lava from ?If okuaweoweo and
pumice from the fountains were te t d for radioactivity by Dr.
Harvey Whit of the 'niversity of alifornia. but no radio­
activity was f uncI.

i\fost of the quakes during D cemb r were tremors with
shallow foci. Although a few of them originated under Mokua­
weoweo, most of those whose ori ins were determin d orig­
inated under the ea t slope of Mauna L a or on the northeast
rift. The stranO' st earthquake immediately preceding th' erup­
tion occurred all De emb r 13_ Its origin was at a shallow focus
under the northea t rift about 2 mile from J\Iokuawe I o.

PETROGRAPHY

The 1949 lava i a basalt containing approximately 3 per cent
olivine. The rock of the more massive c ntral portiollS of the
'outhern flow, both aa and paho hoc. is es entially cry. talline.
c ntaining only a small amount of glass. It consi ts largely of
labradorite and pigeonite (optic angle very small). with Ie s
abundant iron ore. olivine, and dark bro\\-n, interstitial glass_
A roughly stellate arrangement of the feld par microlites .is pr s­
ent in some thin sections. A few of the olivine grains have the
dimensions of phenocrysts, with len'Tth up to 2 mm.. but the
texture is seriate rather than truly p rphyritic.

The rock of the upper portions of the -we tern flow contains
a larger prop rtion of glas , but is otherwise similar to that of
th sonthern flow_ Th glass of the pumice from the fountain­
has a rdractil-e index of 1.597 (± .003).

EARTHQUAKES AND GROUND TILT ASSOCIATED
WITH THE ERUPTION

l\'o distinct earthquake pattern preceded the 1949 outbreak
of Mauna Loa. Howev r, the number f earthquakes rccorded
in December on th Jauna Loa sci. m graph, at an altitude of
6.600 feet about 13 mile from the northern cnd of ;\lokua­
wcowco. greatly exceeded those rec rded in any of the pre­
ceding 5 months. ( ee tahle 2.)

TAJlJ.c 2. E,IR'I'J-IQ 'AKJ::S R":COROI':O 0" MA::'; Lo.1
SEIS~rOf.RAPII D 'RIxe 1948

MONTH

Dec mber ..
•ovem ber __ ..

October .. __ . __ .
September _ _ __ ..
Augu t __ _._ _ __ ..
July - -- -----.-- ..

XU~1BEIl OF
I:ARTlIQ AKJ,S

72
38
-17
26
23
37

Of the approximat Iy 60 earthquakes recorded on the Mauna
Loa seismograph in January 1949, 16 oc uned on January 6,
the day the eruption started. The number f shake accom­
panying the outbreak of this summit 'ruption was less than
during flank eruptions. This is to be expected becaus of the
shorter distance of fissuring. During- flank eruptions lis. uring
e ·tends acro.s the sumlllit and als CCIllS far down the flank.
",herea in sUlllmit erupti ns it is reo tricted to the summit region.
One of the tr ngest shakes during the eruption ccurred at
3 :59 p.m. on January 6 at about the time of commenc m nt of
surface activity. Its origin appeal's to have been at a depth

f about 5 mile, approximately 2 miles northeast of l\[okua­
weowe . If, as seems probable. this quake ccurred at the time
the fissure across l\[okuaweoweo and a little wav down the
southwest rift was opened, the initial mov ment mu~t have been
at the northeastern end of the fissure.

Continuous harmonic tremor commenced on the Bosch- mori
ismograph at the northern rim of Kilauea caldera. 21 miles

from the cene of eruption, at 3 :47 p.m. on January and cea~(:d

to be apparent at 3 :00 a.m. on January 7.
During the year 194 there \\'as an accumulation of e'lstcrlv

ground-tilt at the northern rim of Kilauea caldera_ The eastwar~1
tiltll1g was especially strong during the first half of November.
Records of several eruptions of l\launa Loa seem to indicate that
ea terly tilt is an e idencc of increase of pressure under that
mountain. Despite the easterly tilt and the fact that the average
interval between fauna Loa erupti ns (about 4 years) had
already been exceeded by more than 2 years. the earthquake
pattern did not seem posjtive enough to justify a predi tion of
impending activity.
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1949

February

eruption, except for fuming, came to an end
VOLCANOLOGY

January

n eruption of ;\launa Loa started nn January 6 and con­
tinued through the rest of the month. llistory and a lack of a
definite earthquake pattern had led members of the Observatory
staff to believe that the next eruption would be at the summit.
There was but little positive data upon which to forecast an
imp nding eruption. how ver. trong ea tcrly tilt of seven
second. of arc ncar the northern end oi Kilauea Caldera in
l\"ov'mber 1948 was but little greater than similar tilts in 1946
and 194i. uch a tilt could be taken only as a suggestion and
not as a good indi ation of a pressure incre~se under l\J auna Loa
that mig-ht lead to surface activity. The Novembcr tilt and the
distinct tlue fumes observed in ;\lokuawcoweo during October
1948 do give some indications that lava was rising in 1Jauna Loa
J months prio!" to its appearance at the surface_

Sixty-se\'en earthquakcs were recorded during the month.
Filty-cight shah's wcre rccorded <ltKilauea and 51 at ?llauna
Loa: 1':hc Mauna Loa total is inc mpl te bE'caus the seismo­
graph was dismantled by earthquakes on two occasions. Thc
records of at least eight shakes were lost.

Stronp; outherl)' tilt continued throughout the month. Easterly
tilt continued until January 16 and then westcrly tilt a little
tronger than n rmal set in_

Th Mouna Loa
on February 5.

Sixty-four earthquakes lI'ere recorded during the m nth. 0 f
these 47 were recorded at Kilauea and 52 at ;\1 auna Loa.

Stron southerly tilt lVas continuous in February cxcept f r
eli tinc.t northerly tilt accompanying til str ng earthquake on
February 26. l'\ormal easterly tilt continued through ut the
month.

March

Fuming from l\Jokuaweoweo was c ntinuous throughout the
month.

Thirty-one earthquakes were recorded in i\farch. Thirty of
the shake. \\'cre recorded on the l\ fauna Loa seismograph and
16 at KilauE'a.

Northerlv tilt set in l\larch 6 and continued through the eml
of the mOI;th. \Vestcrly tilt was about normal for Marcil.

CRACK MEASUREMENTS

A few of the cracks near the cast rim of Halemaulllau open d
slightly. The other cracks that were measured showed no ap­
preciable movement.
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SEISMOlOGY

• Fur ridinitiull of local scbmkilY, :-iec VO\('UI1U Lt:Hcl :H 1.

The data of the following' local disturbances were determined
from seismograph stations operakd on the island of Hawaii by
the Hawaiian Volcano Ob'ervatory of the U. S. Gcological
Survey. Time is Hawaiian Stan lard, 10 hours slower than
Creenwich. The number preceding each earthquake is the. erial
number for the current year.

TELESEISMS

Februar\' 14. OR :30... light.
.\Iarch i-l, II :11. muderate. Off north California ·oast.

08:4-, \'ery feeble. ~rauna Loa.
09 :32. ven' feeble. :\1 auna Loa.
09 :46. \'er~' feeble.
21 :16. feehle. Kilauea.
If) :2.2.. \'en' feeble.
04 :48, fecl;le. Kilauea.
23 :55. \'ery feeble.
01 :02. \'en' feeh e.
13 :2.0. very feeble. Felt at Kapapala.
13 :54. strnng. Instrument· dismantled.

trongly felt from Hilo to :'\'aa1ehu.
Shallow focus. northea,t ri ft :\1 auna
Loa at 7.000 feet.

05 :13. \'en' feebk.
10:2.8. sliiht. South . lope. T-':ilauea.
13 :-15. feeble. Felt at Pahala.
17: 18. ieeble. East s[opc. :\[auna Loa.
I() ::8. \'en' fechle. ~(lrtheast rift "Iauna

[.oa.
1-1 :2.0. vcry feeble.
09 :31. \'cry feeble.
11 :.15. \,en' feebre. [-.: ilauca.
10 :SR. \,cr;' feeble.

26 February 20.
2.7. February 20.
28. February 20.
2. February 2.0.
30. Fehruary 21.
31. Fehruary 22.
32.. February 2.3.
33. February 24.
3-1. February 26.
35. February 26.

36. February 27.
37. February 27.
38. Fehruar;' 27.
39. Fehruary 27.
40. February 28.

41. :\[arch 2.
42. ~larch 11.
-13. ;..rarch 23.
44. ~Iarch 29.

Earthquake Data, January-March 1949

}Iinutes Locol
of Very }Iod- Seis- Tete-

Tremor Feeble l'eelJle Slight erJte titrong micity· sci m~

2 6 3 0 0 0 0 2.50 0
9 17 2 0 1 0 0 7.2.5 )

16 5 0 0 2 0 0 5.25 0
23 5 1 [ 0 0 0 2.75 0
30 13 3 1 0 3 0 14.75 0
6 1 0 0 0 0 1.75 0

13 1 1 () 0 0 0 0.75 0
20 6 8 2 0 0 0 5.-0 1
27 12 3 2 0 0 1 10.50 0
6 0 3 2 I 0 () 550 0

13 4 1 0 0 () 0 1.50 a
20 1 0 0 0 0 0 0.2.5 0
27 3 1 0 0 0 0 US 1

lI'eek
~;Illled

r-ebruary

:\[arch

january

1. January 4,
2. january 6.
3. january 7.
-I. january 8,

5. January 15,

(), january 15,
7. january 16,

8. january 20,

9. January 20,
10. january 26,

11. January 26,

12. January 26,
J3. january 27,

14. Januat-y 27,
15. january 28,

16. January 28,

17. January 29,
18. February 4.
19. February 7.
2.0. February 17.
2.1. Februar}' 19.
22. February 19.
23. February 19,
2-1. February 19,
25. February 19,

20 :20, very feeble.
IS :59, moderate. Near lokuaweo\\·eo.
03 :10, very feeble.
00 :49. moderate. 1{)-15 miles deep under Alae

Crater area.
00 :40, moderate. 2{)-25 miles deep above

\V od \'alley.
11 :16. slight. Cnder ocean west of Kohala.
14 :30, ·Iight. 9 miles deep. I au Desert ncar

Kilauea.
14 :27, very feeble. Deep. 10 miles suuth\\·e·t

of v\·aimca.
18 :09. feeble. 1 -ortheast rift },[auna Loa.
13 :06, feeble. Deep. 10 mile soutll\\'est 0 f

Waimea.
11 :45, very feeble. Deep under east slope

of ?llauna Loa.
23 :57, moderate. 5 miles deep ncar Ohaikea.
0:04, sli ht. 6 miles deep. ea·t slope of

}"Iauna Loa.
00: 16, very feeble.
15 :50, moderate, E-\\I dismantled. 5 miles

deep, cast slope of ?llauna Loa.
19 :45, moderate, E- \\' dismantled. 8 miles

deep. east slope of Mauna Loa.
03 :29, very feeble. East slope, Mauna Loa.
22: 16, very fe ble.
18:08, very feeble. Mauna Loa.
07 :33, very feehle.
01 :13. feeble.
04 :34, very fe ble.
12. :04, very feeble.
1-1 :47. very feeble.
17 '06, ,"cry feeble. Kilauea.

MICROSEISMS

:\1 icroseisms were strong from january 5-7 and from Feb­
ru,lry 28 to ~Iarch 1. On other days they were weak to mod­
erate.

TIlTING OF THE GROUND

There was a rapid easlerly tilt from January 1 to 10 when
seasonal westerly tilt set in and continued until :\larch 24.
There was a slight easterly swing from :\farch 25 0.28, then a
recovery to the wet. \\'ith the exceptinn of a sharp northerly
tilt accompanying the strong earthquake of Fehruary 26, so th­
erly tilt was continuous from January 1 to }'Iarch 6. From
).larch 7 to 31 there \\'as it slight accumulation of northerly tilt.

Table of Tilt at Observatory an Northeast Rim of Kilauea

lI'e"k EIl~cd .\mOllllt (1ln'l'linn

January 2 1.3" S25° W
9 3.l" S 30° E

J(, 2..9" S
23 2.4" S 49° W
30 4.1" S 68° \V

February 6 1.8" Si9"E
13 1.2" S 62.° \V
20 0.9" S 2.3° E
27 2.4" ~

:\Iarch () 1.6" S 39° \V
13 0.0" ~ 45° \\'
2.0 1.0" X 45° \\'
27 1.4" ~ 59° I~

HAWAIIAN VOLCANO RESEARCH ASSOCIATION
In cooperation with the UNIVERSITY OF HAWAII

The Hawaiian Volcano Research Association was found­
eel in 1911 for he I'ecordin a and study of volcanoes in the
Hawaiian Islands and around the Pacific Ocean. Its
equipment at Kilauea Volcano, Hawaii Island, has been
tran ferred to the Unit d States Geological Survey.

The University of Hawaii cooperates in maintaining a
research laboratory at Kilau a. The Association and the
Uni\'el'sity supplcment lhe work of the government with

research associates, instrumental quipment, and special
il1\·estigations. Dr. T. A. Jaggar is their geophysicist rcsi­
(lent at Kilauea,

The Volcano Letter, a quarterly record of Hawaiian
volcano obs l'\'ations, is published by the University of
Hawaii and supplied to members of lhe Research Asso­
ciation and to exchang lists of the abo\'e establishments.
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ACTIVITY OF MAUNA LOA DURING APRIL, MAY, AND JUNE, 1949

By GORDON A. MACDONALD and RUY H. FINCH

April-June, 1949

The 1949 eruption of Mauna Loa commenced on
January 6. and the major activity continued until Feb­
ruary 5. This activity consisted of outpouring of 1al'a
flow,' on the caldera floor and down the western and
southern flanks of the volcano from vent nea.r the
summit, and building of a large cinder and pumice
cone at the southwestern margin of the caldera. The
activity and cone have been described in VOLCANO

LE'rTER 503.
FolIovving the end of lava fountaining on February 5,

fllme rising from Mokuaweoweo was visible almost con­
stantly during the remainder of February and March.
It wa' obvious that the magma column must be stand­
ing at a very high level in the conduit. On several dif­
ferent nights a istinct glow was reported at the sum­
mit of the mountain. Thus. at 2 a.m. on February 19,
Charles I-Ioeppel of the U. S. Coast and Geodetic Sur­
vey observed a strong reddish reflection on the fume
column. 1-Iowever, at no time \\·hen ob 'ervers were
able to see into the caldera was there any sign of lava
fountaining or flow. At the time, there was some
doubt whether the ab erved glow was the result of
weak resumptions of lava extrusion, or of slumping of
surficial parts of the cinder cone or lava cascades, re­
vealing hot glowing material beneath. In view of later
developments, there is now little question that the o-low
resulted from brief quiet outwellings of lava.

The following table lists the dates on which fume
or glow was reported and the place from which the
observation was made. During many day the ummit
of the mountain was cloud-covered and invisible to
persons at low altitudes. 011 some clays when it was
visible, winds at the summit may have been trong
enough to dissi pate small amount of fume and make
it undetectable from a distance.

OHS£RVA'fW:-iS 0:-1 ACTlI'l1'Y or MAl·".1 1.0.\ fROM
Fr,;BR ARY 7 1'0 APR[L 7, 1949.

OA1'[': Loe TWX OJ' OBSeRVER TYPE OF AC'j'lI-LTY

Fcb. 15 ISummit I \\ eak fume but no glow
17 Kilauea I \Veak fume
18 Pahala and Naalehu vVeak glow and fume
19 Ncar Pahala TI 0 conspicuous puffs of

fum in early morning
19 Planes ovcr summit I Fume but no glow
21 Kilauea ITh'" rom, doc'''' rom,,'''.
21 Kulani Camp Glow in evening
22-27 Kilauea No fume visible
28 Kilauea Light [umc

iltar. I Kilauea Li "ht fume during rlay
1 Naalehu IDistinct glow in evening

16 Kilauca I Strong. fume column in
evcnll1g

18 Kilau a Stron"- fumc column in
evening

19 Kilauca \'leak fume
20-21 Kilauea Strong fume in evening
22-23 Kilauea \Veak fume
28 Humuula Pulsating fume cloud in

morning
28 Kilauea Glow in evening

April l-Q Kilauea Conspicuous fume

During late March or early April the quiet outflow
of la \'a became ssentially continuous. and was ob­
s ned at close range by staff members of Ha\\'aii
_ Tational Park. The account of the acti\'ity on pril
7 to 9 anel ~Iay 5 to 7 is based largely on the excellent
reports of Ranger James B. Orr. and the writers wish
to thank Mr. Orr for makin(T the reports Ct\·ailable.
The results o[ the activity were examined on the ground
by ilIacdonald. in company \\·ith Orr. on the seconcl
and third of June. after la\'a extrusion again had ceased.

The precise elate whell 1a\'a extrusion again hecame
fairly continuou. is uncertain. On ~Iarch 28 the [ullle
column rising fr0111 l\[okuaweo\\'eo ,,-as unusually con­
spicuous. and n the e\'ening of that day the glow \\'as
intense. On i\pril 1. harmonic tremor II-as recurcIecl for



Page 2 THE VOLCANO LETTER

a 1000 feet
! I

ICCRE I. Skelch map of Ihe

~oulhcrn portion of ~Iokuaweo­

weo caldera n June 3, 1949,
after the end of lava extrusion.

I. ILava cone of 1949 ~ Lava flows of 1949

[ • ICmder a spatter cone of 1949 11II Cmder cone of 1940

!t???/@i;1 Pumice a cinder cone of 1949 E,-,J Former north edge of
Sou1h Lunate Platform

a felY minutes on both the Mauna Loa 'cismo raph and
the Bo ch- marl 'eism graph at Kilauea. Orr's b­
.-ervati n' at the sUl11mit on prjl 7 in licate that al
that tim lava extrusion mu t already have been in
progress for several day', It appears probahle, there­
(ore that fairly continuous lava extrusion wa' resumed
sometime between rvlarch 28 and prill.

The activity of pril and lay was confined n-
tirely to the vent area un the floor of i\Iokua\\'e weo
aldera cI 'e to it southwestern wall. The large-scale

la\'a fountainino' of late January had built up a 'Jig
cone f fine cinder and pumice re'ting again t the
caldera \\'all and on the outer lope of the mountain .

.' e figur 2, or.C,\XO LETn:R -0,1) \ \'ithin the
hreached crater of this large cone, dimini 'hed fountain
activity in early February ha I built a 'malleI' doubl
cone f coal' e cinder and patter.

On pril the mall cinder and patter cone wa
rhythmically emittiner voluminou puff a fume, but
n lava. b ut 2"0 feet east of the fuming cinder cone
a small la\'a cone had been built, about 80 feet high
and 150 feet acros at the ba e, with a crater 40 feet
in diameter containin a "mall. surging pond f 111 Iten
lava, The lava cOlllposin o' the con was n tably dens l'

than thc hi()'hly vcsicular lav'lS which had characterize I

the earlier phases of thc eruption, The lava pond in
the crater hea\'ed ::.lo\\'ly up and clo\\'n, the lepth fr0111
thc rim to the pond surface rangino- trom a f winches
to Ij [eet during the (e\\' hours it was under obser a­
tion, However, no overflo\\' of la\'a occurred while

rr was there, from ,\pril 7 to 9, al though the cone
obviously had been built up by repeated overflows pre­
\'ious t "\pril 7 and continued to grow by additional
overflows later. From the \'ent area Ii luid lava m ved
through tube- beneath the surface, emero-ing about a
mile east-northeast of the cones to feed two 'Iugo-ishly
advancing flo\\', of aa, .\nother -mall slu gi h aa flow
\\'as mo\'ing southeast \\'arel into South Pit.

n :\lay - the height of the la \'a cone had increa ed
to about 9: feet, a' measure( from its southea tern
ba 'e. The lava - compo'ing it \\' re still relatively dense,
and the pond of m Iten la\'a \\'a' "till pre ent in it,
crater. The cinder ancl patter cone was the principal
'ource of fume and had liberated some sh rt flows of
lava \\'hich partly \'ene red it.. flanks. ome thi'
la\'a \\'a' dense, hut some was highly \'e 'icular and
shelly, "\ small pahoehoe flow \\'as spreading near the
base of the lava cone; another larger flow mo\'ed
through tubes, issuing alH)ut a mile northeast f the
cone to form a mod rately activc paho hoe flo\\'.
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The activity at the cones on May 7 showed a dis­
tinctly cyclic pattern, the cycles heing repeated at ap­
proximately 3.Vz-hour inten'als, Succes~iYe cycles were
essentially identical. except for minaI' variations in the
duration of the parts of the cycle, The cycle COI11­

menced with a loud hissing and roaring within the
cinder and spatter cone, accompanied by c pious lib­
eration of pale brO\I'n to \\'hit fume, This lasted for
5 minutes, and was follo\l"ed hy rapid outpouring of gas­
rich pahoehoe accompanied by a liLLIe (ume, The lava
effusion lasted about 45 minutes, the rapidity of extru­
sion graduall, decreasing until all fI )WS cea 'e I. \iVithin
about 5 minutes after the lava ceased to flow, the his '­
ing and roaring lI'ithin the cone started a<Yain. At the
summit of the cone the escaping gas tilted large slabs
of partly cooled pahoehoe, lifting some of them a foot
or two, then dropping them back: into place. This
relatively violent escape of gas continued for ahout 10
tl1inutes. Immediately afterward the lava c ne, which
had heen quiescent with its crater empty, started to
fume copiously, and shortly thereafter fI uid lava en tered
the bottom of the crater from an openilw n it west­
southwest side, \ \'ithin 10 minutes the crater was com­
pletely filled. \Vith the entrance of lava into the crater
fuming was greatly diminished, and by the time the
crater was filled fuming had practically ceased. The
fluid lava bulged up ahove the crater rim as a broad
flat dome a f ot or two high. then the confining crust
ruptured and the lava poured down the flank: of the
cone, The crnst of the bulge of Jal'a at the summit
of the cone wa' continually broken up, forming large
irre,yular plates of still flexible pahoehoe which coasted
down the flows on the flank of the cone. crumpling
an I twi,tin er a' they encountered ob tacles, This phase
of overflow fro111 the lava con continued with varying
intensity for about an hour. Then the lava in the crater
drained away, accompanied by liberation of large 1"01­
Lunes of fume at the la I'a cone ancl by the rene~I'al of
the hissing and roaring in the cinder an I spatter cone.
This was folloll'ed by a 1eriod of Cjuiet lasting about
an hour. after which the entire cycle ,vas repeated,

The date of final cessation of the lava extrusion '.
uncertain, Flows ·till were mo\'ing actively on the
C<1.ldera floor east of tbe vent on May 19, when the
'U111l11it was visited by H. \J\ hitten. \\ hen rr and
j\Iacdonald reached the summit Oil J line 2 there lI'as no
'ign of mOl"ement in any of the flows, althouerh a weak
glow still was visible on the cinc! l' cone. The cone till
wa' fuming copiously on J line 2, hut by the after­
Iloon of June 3 the fume wa.' I' ry light and consisted
almost entirely of steam. During the remainder of June
no erlow, and only weak fuming. \"ere reported. Lm'a
extrusion ended 'ometime between May 20 and June 2.
probahly about the end of May. The eruption appears
to lJe over, although it is still pos. ibl that another
resumption of activity may occur.

On June 3 both the cinder cone and the lava cone
were climbed and examined in detail. The cinder cone
was an irregular dome, alJout 80 feet high, ",'ith no
sign of a crater. It was largely veneered with very
late flows of frothl' pahoehoe. (See plate 1.) The la\'a
cone was about 110 feet high, with a crater some 30
feet across and 50 feet deep. (See plate 2.) The late
la\'a', erupted at the lava cone aft r Orr's visit on
May 5, were shelly gas-rich pahoehoe, in contrast to
the denser. partly degassed lavas which I)uilt most of
the cone.

It is estimated that the volume of lava extruded in
the late phase of the eruption after February 5 \vas
about 4- million cubic yard, bringing the total volume
for the eruption to ab llIt 75 million cubic yards. The
late lavas were re tricted to the south rn end of Mokua­
\I'eoweo caldera. and completed th burial of the north­
ward-facing 'carp of the outh Lunate Platform. which
had already been partly huried by the la\'as of 1 33
and 1940, Only at its western end is there still visible
a topographic expre'sian of the scarp, mantled by cas­
cades of the 19+9 la\'a'. (See figure 1.)

It ha al ready been p inted out that the pahoehoe
lava which formed most of the lal'a cone was trikingly
dense. a ompared to the highly vesicular and she!!y
pahoehoe which characterized the earlier Ial"as of the
eruption in the area close to the vent. It resembled
111uch more closely the pahoehoe which for111s in long
Rows which have traveled through tuhes many mil s
from the vents. In the case of the 19-1-9 la,'a, the dens ­
ness resulted fr0111 loss f gas before the lava reache I
the surface. The cbange from eras-rich to gas-poor Ja 1'<1

a: the eruption progre'sed might have been explained
by assu111ing a gas-enriched "head" on the magma col­
U111n which was released during the early stages of the
eruption and gradually exhausted a' activity continued.
This explanation might be acceptable if tbe cbange in
gas content had been entirely unidirectional. But it was
not. The latest lavas of the eruption. instead of being
as dense a' or e\'en denser than those which buill the
hulk of the lal'a cone, lI'ere again frothy and gas-rich
like the earliest la\·as. The change \-\'as from gas-rich
to <Yas-poor. and then back again to gas-rich la \'as.

1\ possible explanation of the changes in density 0 [
the erupted lal'a is suggested by the time relation 'hips
of the density types to the character 0 f the rest of the
actil"ity. The lense lava' which built IllOst of the la\'a
cone, and also were erupted in early ?lIay or late April
at the cinder and spatter cone, lI'ere rupted follo\\'ing
a period of near!l' 2 Illonths duration during which
there wa' I'ery little surface outflow of lava. but nearly
continuous lil eraticin of large volume' of fume, Pos­
sibly during this pcrio I the upper part of the rna 'rna
colullln stooel undisturbed at levels high en ugh to
permit I'esi ulatiun. and for a period lono' enough for
a larg proportion of the gas bubhles to escape, supply­
ing the ga' for the fume clouel. 1-:1 owe\'er, at lel'eis
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PLATE 1. The small cinder and
spatter cone. largely velleere 1
with thin lava flows. "cell from
the northern rim of the pumice
cone. JUlie 3. 1949. PHOTOCRAPIl

BY (; ..\. ~ACDOXAI.D.

PLAT!; 2. Lava cone, seen from
ncar the summit of the cinder
and spatter cone, June 3, 1949.
PIIOTOGRAPJ[ BY J. B. ORR, NA­

TlO"l'AL PARK Sf.RYIC1',

below the depth at which appreciable \'e'iculation could
ccur the magma lost only the small proporti n of gas

which wa' dissil ate I upward by diffusion. Convection
probably would not b vcry effective in the narrow
fceding fissure which I d the lava to thc surface. \\'hen
lava extrusion "'as resumed after the 2-month period

of quiet. the first erupted. upper part of the maQ'Tlla
body was gas-po r and produced dense lava, But
as time went on the upper. partly degassed portion
of the magma was exhausted. and lava' reaching the
surface were ao"ain a' rich in gas. or nearly '0, as had
been the earliest Im'as of the eruption.
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April

About the end of J\1"arch, quiet lava extrusion became fairly
continuous in J\lokuaweoweo, and continued through April. The
activity is described in the foregoing article. Fume rising from
~Jokuaweoweo was visible from the \'olcan Observatory on
many occasions during April.

Thirty-two earthquakes were recorded in April. Sixteen of
these were recorded at Kilauea and 23 at J\Iauna Loa.

There was a small accumulation of northwcsterly tilt during
April. possibly indicating a slight increase of pressure under
Kilauea and a decrease under Mauna Loa.

10 :03, slight. Between Olympia and Tacoma,
\\·ashington.

15 :36, slight. South coast of Mindana , Philip­
pine Islands.

20 :05, slight. Kurile blands.

02 :59, very feeble.
09 :55, very feeble. ;\Iauna Loa.
16 :30. very feehle. ~launa Loa.
18 :40, moderate. both components dismantled at

~launa loa. I aoiki fault. Felt at Naalehu.
05 :02, strong. Kona seismograph broken. \Vest

sJope of Mauna loa. Intensity about 4 on
Rossi-Forrel and modi lied Mercall i scales.
Felt in Hilo. strongly at Puu laula, and
generally from Holualoa to Naalehu.
Many sleeper wakened, some ru. hed Ollt

doors. Some objects thrown from shelves
in the area from H naunau to Kealake­
kua.

12 :55, feeble. ;\Jauna Loa. Felt at Kapapala.
23 :26, strong, both components dismantled at

~Iauna Loa. Focus at about 12 mile' depth
beneath J\lokuaweoweo. Felt at Holualoa,
Kealakekua, :;..raalehu.

03 :26, very feeble.
[7 :02, very feeble.
10 :54, very feeble.
O[ :06. feeble. West slope of l\fauna Loa. Fdt at

Holualoa.
02 :2", feeble. \ Vest slope J\launa Loa.
08 :38, feeble.
10 :01, feeble.
10 :24, moderate, both components dismantled at

~Iauna Loa. South slope Mauna Loa near
Kapapala. Felt at Kilauea and Hookena,
strongly at Pahala.

15 :10, very feeble.
14 :44, very feeble.
17 :30, feeble. West slope J\[auna Loa. Felt at

Holualoa.
01 :04, feeble. Kaoiki fault near Ainapo.
04 :[8, feeble.
04 :05, very feeble.
14 :12, moderate, both components dismantled at

r.launa Loa. ::\ortheast rift of i\launa Loa,
shallow.

18 :07, very feeble.
05:41. very feeble. ::\ortheast rift of J\Iauna Loa.
08 :05, very feeble.
05 :49, very feeble.
05 :05, very feeble. Mauna Loa.
12 :53. very feeble. ~launa Loa, northeast rift.
15 :34, feeble.
15 :45, feeble. Focus at about 10 miles depth

under south slope of J\launa Loa near
Punaluu Kahawai.

19 :27, slight. Location same as number 74.
08 :43, very feeble.
01 :57, feeble. Mauna Loa.
04 :53. very feeble. J\(alma Loa.
07 :03, very feeble. Kilauea northeast ri ft, shallow.

:-Iay 2,

April 29,

67. June 9,
68. Junell,
69. June 11,
70. June 17,
7!. June 19,
72. JUlie 19,
73. June 23,
74. June 25,

52. ~[ay 9,
53. May 9,
54. J\(ay 14,
55. May 21,

56. May 21,
57. May 21.
58. 11ay 21,
59. ·Iay 23,

60. May 25,
61. ~'1ay 26,
62. May 28,

63. J\l.ay 29,
64. J\l.ay 30,
65. June 3,
66. June 8,

50. May 2,
51. May 7,

45. April 4,
46. April 7,
47. April 8,
48. j\pril J1,

49. ~lay 2,

75. June 25,
76. June 26,
77. June 27,
78. June 28,
79. June 30,

TELESEISMS

April 13,

The data for the following local di turbances were determined
from s ismograph stations operated on the island of Hawaii by
the Haw'aiian \'olcano Observatory of the U. S. Geological
Survey. Time is Hawaiian Standard. 1 hours slower than
Greenwich. The numb r preceding each earthquake is the serial
number for the current year.

Earthquake Data, April-June, 1949

~linllt{'::; /'o"al
of Vcry )Iod· Scis· Teic·

Tremor 1,'('t.'IJ!c Fl'ehlt: :-;1 i~llt crate StI'OIl~ llIicity .... sei.sl1ls

3 15 3 0 0 0 0 5.25 0
10 7 3 0 0 0 3.25 0
17 9 0 0 0 1 0 5.25 1
24 3 0 0 0 0 0 0.75 0

I 8 0 0 0 0 0 2.00 1
8 3 0 0 0 2 0 6.75 1

15 3 2 1 0 0 0 2.75 0
22 266 0 4 0 0 0 70.50 0
29 13 1 3 0 1 0 9.75 0
5 7 2 0 0 0 0 2.75 0

12 3 3 0 () 1 0 5.25 0
19 3 3 0 () 0 0 2.25 0
26 5 1 2 1 0 0 5.75 0

April

June

May

Quiet lava effusion in Mokuaweoweo continued through most
of May. It came to an end sometime between J\1ay 20 and June
2, prohably about WI ay 30.

Forty-three eartliquakes were recorded during" 1Iay. Of these
31 were recorded at Kilauea and 38 on 11auna Loa. In addition,
about 225 tremors 0 f Mauna Loa origin werc recorded on the
Mauna 1.oa seismograph on May 20 and 21. These resembled
the records produced by small explosions, rather than by ordin­
ary small earthquakes. J\lany of them were recorded al 0 at
Kilauea, and some on the Hilo and K na seismographs.

Three earthquakes were felt lrlCally during fday. The strong­
est occurred at 5 :02 a.m. on ~1ay 2. It originated in Kona,
where some objects were shaken from shelves, and the sei mo­
graph at Kealakekua was broken. As in October and Kovember,
1947, several of the larger shakes originated under the west
slope f Mauna L a, inland from Kealakekua Bay.

There was an accumulation of south tilt. and a little east tilt
during May. The latter is normal for this time of ycar.

~Iay

June

Both Mauna Loa and Kilauca remained quiet throughout
June. total of 32 earthquakes were recorded, 28 of them at
Kilauea, and 27 f them on Mauna Loa. Of these. a moderate
earthquake originated at a shallow depth on the northeast rift
zone of Mauna Loa on June 8, and two feeble earthquakes at a
depth of about 10 miles under the southern lope of Mauna Loa,
near Punaluu Kahawai, on June 25.

A small accumulation of southerly tilt occurred during June,
probably indicating either a slight decrease f pre 'sure under
Kilauea or a slight increase under the northeast rift of Mauna
Loa. Almost no net change in tilt in an ea t-we t direction was
recorded during the month.

The average interval between summit eruptions of Mauna
Loa and followilF flank eruptions during the past century has
been 20 m nths. On this basis, assuming the 1949 summit erup­
tion to have ended about the end of May, a flank eruption of
Mauna Loa might be expected about the en 1 of January, 1951.
However. it is imp rtant to realize that' the average interval
means little. Sometime a summit eruption of l\fauna Loa is
f Ilowed by another summit eruption, not by a flank outbreak.
Even \\'hel1 a summit eruption has been followed by a flank erup­
tion. the inten'al h tween them has ranged from (j to 38 months.
Prediction of Mauna Loa eruption entirely on the basis of his­
toric precedent is highly uncertain. and thus far there is Iit. 'e
else on which to base a forecast of the next ruption.

Week
Ended



Page 6 THE VOLCANO LETTER

MICROSEISMS

~Iicroseisms were slight from April 1 to 9, moderate on
.\pril 10 and 11, slight from April 12 to 19, moderate fr m April
20 t 28, and slight frOI11 April 29 to June 30.

CRACK MEASUREMENTS

:--f0 t of the crack. mea ured showed no appreciable movement.
However. the crack at the observation ar a at the ea trim 0 f
Hal maumau opened 2 millimeters at its northern end during
the interval from \Iarch 31 to June 30. During the inten'al
since August 31. 1948, it has opened 12 millimeters. The amount
of opening decreased southward. reaching essentially zero at
the 'outhern end 0 f the crack.

TILTING OF THE GROUND

From April 1 to 22 there wa' very little tilting of the ground
::iurface in a north- outh azimuth. From pri! 22 to ~lay 4
th r was a slight northerly tilting, from 11ay 4 to 29 a distin t
southerly tilting. from \ifay 29 to 31 a small northerly tilting,
and from 11 ay 31 to June 30 a small accumulation of south rly
tilting. In the east-west azimuth, there was a small accumulation
of westerly tilt between April 1 and 29, a n arly equal accumu­
lation of easterly tilt between pril 29 and May 27, and a slight
accumulation of westerly tilt from May 27 to June 30. The net
westerly tilting is normal for this quarter of the year, although
the tiltin during J ttne is normally slightly to the east instead

of slightly westward. The accumulation of southerly tilt during
)'lay and June j, abnormal. tilting during these two months gen­
erally being distinctly northward .

Table of Tilt at Observatory on Northeast Rim of Kilauea

"'eek EJllk-d .\mount Diri'ftion

:\pri 3 0.9" X -l5° \V
10 0.7" 883° W
17 0.0
2-l 0.7" ~ 39° \\.

\lay 1 0.6" .- 80° W

8 0.7" S 56° E
15 0.6" S 19° \V
22 0.5" S -l5° E
29 0.4" S 34° E

June 5 1.0" XWW
12 0.5" S 45° \V
19 0.6" N22° W
26 1,1" S 56° E

----

HAWAIIAN VOLCANO RESEARCH ASSOCIATION

In cooperation with the UNIVERSITY OF HAWAII

The Hawaiian Volcano Research Association was founel­

ed in 1911 for the recording and study of Yolcanoes in the

Hawaiian Islands and around the Pacific Ocean. Its

equipment at Kilauea Volcano, Hawaii Island, has been

transferred to the United States Geological Survey.

The University of Hawaii c perates in maintaining a

research laboratory at Kilauea. The Association and the

University upplement t.he work of the government with

research associates, instrumental equipment, and special

il1\·estigations. Dr. T. A. Jaggar is their geophysicist resi­

dent at Kilauea.

The Volcano Letter, a quarterly record of Hawaiian

volcano Observations, is publish d by the University of

Hawaii and supplied to members of the Research Asso­

ciation and to exchange lists of the above establishments.
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REPORT ON PRELIMINARY WORK FOR RADIAnON SURVEY

By RUTH c. LOUCKS

July-September, 1949

INTRODUCTION

In ugust, 1948, a seri~s of experiments lI'as initiated tu
determine to what extent availahle materials could be used to
make a SlIr\'ey of radiation f1'0 III volcanic sources. t that time
available materials con isted of X-ray film and a small spectro­
graph. Later a C:eiger type survey meter lI'as made available
to the Hawaiian \Tulcano Observatory,

X,RAY FILM

Since X-ray film registers radiation both lunge l' and shorter
than the X-ray range, it appeared to he a possible medium for
recordmg any short-wave radiation that might b present. ;';0
X-rays arc expected because of their nature but ultraviolet
radiation and gamma radiation may be rec()rde~l on X-ray film.
Dental pack film was selected for this work becau' , of the ease
of handling.

The first series of films, exposed for 10 weeks at Red Hill
(10,000 feet) and th rim of 1fokua\\'eo\\'eo, showed heavy
fogging of unshielded films and no fogging of slightly shielded
films. By accident two films were exposed back to back. The
front one II'as fogged, while the one which was shielded bv the
two lead foil backing sheets lI'as ullfogg'ed. The fact that -evell
masking tape, with which the films were taped t rocks, pro­
duced a shadow on the films indicated that the radiation recorded
lI'as of l'elatively long wavelength. Temperature changes from
below freezin'" to above 70° F. apparently did no damage, One
film was left for a year deep in a 'revice in the roofed cave near
the rim of North Bay known as Hotel de Jaggar. It showed
sli yht darkening, po sibly due to the small amount of radio­
activity in Hawaiian lavas, Film exp sed t Hawaiian lava
for 12 weeks showed no darkenin , but the longer expo ure ,.,f
a year may have recorded the slight amount of radioactivltv
pres nt (Piggot: Amer. Jour. ~ci., 5th 'er., 22(127): 1931). '

,The econd serie. was tested at the Kilauea region to deter­
mllle whethel' the film pack was actually light tight (for visible
light) and whdher any of the darkening' could be attributed to
co mic rays, The film tested for light tightnes was unfogged.
Cosmic rays produced no measurahle darkening on any of the
films tested. The only darkening lI'as due to radioactil'e lead
in the masse of the tiltmeter in the L'wekahuna ault. The
radioactivity of the lead was later checked with the Geiger
c unter. Th e..xposure of 5 weeks produced slight darkening
on the film at a distance of 12 to 15 feet from the radi actin,
lead. This darkening served as a ch ck of the sen itivity of the
film to CTamma radiati n.

~rhe third series of tests was made at Red Hill using- un­
shielded film and film shielded by aluminum foil and various
thicknesses of lead. Film was pia -ed in four slots of a lead­
covered box. One film was uncovered, one cover'd hI' 0,11 mm.
nf aluminum fiJil, one hy 3.5 ml11. IIf lead, and one -by lamina­
tions so arranged that une third was uncovered, one third cov-
red by 1.75 mm. of lead. ami one third by 3.5 mm. of lead.

These \\'ere exposed nearly (J months, The unshielded film
was darkened, lI'hile the film 'hielded by aluminum foil and the

lead was undarkened. Thus it appears that the darkening en,·
countered wa due to ultraviolet radiation and may be dim,·
mated by encasing the film in aluminum foil. The writer wishes
to acknowledge the as. istance g-iven by the dispensary of Kilauea
1! IlItary Camp in developing all X-ray films.

SPECTROGRAPH

The spectrograph (Gaertner, Model L 250-\>\1) was 'hecke
and calibrated in the laboratory by Harvey E. \Vhite of the
Univ<;rsity of California Phy, ics Department, during a visit to
the \ olcano bservatory. This i a I I\'-dispersion instrument
mounted. a as to be u ed with a tripod in the field. It appeared
that an easy way to re ord the exact object, toward which the
sp ctroO'raph slit I\'as pointed, would be by the use of a small
camera mounted on the tripod with the spe tr graph. D. C. ox
donated a camera for this purpose.

GEIGER COUNTER

, Geiger-)'Iueller counter (EI-Tronic', Inc.. ,'ur ey )'leter
~G:\1-18. ) was receIved hy the Observatory early in 1949...\
fell' tests were made to determine what might be expe ted in
the way uf background radiation (cosmic rays),

1949 ERUPTION

1'11'0 series of X-ray films were exp sed at the summit of
:\launa Loa during the 1949 erupti n. B th were expos d near
the re thou e, about 1 mile or more from the neare·t activitv
T\I'ice during January, 1949, film was taped to the stolle mon~~
ment in fr nt of the rest house and exposed for peri ds rangin
from 17 hours to 17 days. Smce the films were unshielded, there
lI'as no noticeable darke\1l~lg other than that which might he
exp cted from ultraVIOlet lIght. .\t that distance one could not
expect to record gamma radiation,

G. A. .:\1 ~cdonald and D. C. Cox took the Geiger counter
to the summIt of '\(auna Lop and made some observation. Their
readings were no higher on nell' lava than on the old lava, How­
ever, when they attempted to make readings in a hot crack, they
got no r~~dl~l'" because the counter does not register correctlv
above 12~ F. -

The field conditions were Ucll that it seemed best not to
take the spectrograph to the summit.

CONCLUSIONS

. It appears that none of the lI'ork done durillg the 1949 erup­
tion constItutes a conclUSIve test of radiation associated with
volcanic activity, particularly the possible presence of short­
lived, radioactive substances in the gases liberated in the big'
lava tountallls. The films exposed lI'ere too far from acti itv to
he significant. and the (;eiger counter readings lI'ere not com­
plete enough tu be cunclusive. 1-1oll'el'er, the I\'()rk done so far
serves to pc\int out II'hat shuuld be done to make such tests valid.
The year's 1I'0rk sholl'S that among- the three recardin CT d vic s
the radiation spectrulll from clbmic rays duwn thr~ug'lt tlt~
visible range i,; co\'eree!.
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THE HOLLOW CINDER CONE OF THE 1949 ERUPTION OF MAUNA LOA

By GORDON A. MACDONALD

The mall cinder and patter COIle. which de\'e1oped within
the breached crater of the larger rimier and pumice cone during
the late stag-es of th 1949 erupti n of \1 auna Loa. ha. been
de,cribed in I're\'ious issUl': of the "OI.C.\O\'O LETTER. Previous
to mid-.\pril the cone had consisted entirely of coarse cinder
and spatter. Ret\\'een .-\pril 9 and \Iay 6 the cone started to
erupt short tlin lava flows. I'hi h by early June had almost
entirely covered its slopes. hiding the cinder core.

\Iokuaweoweo caldera \\as again vi 'ited by the writer on
July 26. in company with Ranger J. B. Orr of Hawaii :\ational
Park. and Tad :\ichuls. photographer. It was then found that
the cinder and spatter cone ha I partly caverl in, revealing a large
cavity in its center. The hole fanned by the collapse was on the
northea:;tern side of the cone. and its walls clearly displayed
a cross section tlf the cone. 1\ t the surface was the veneer of
lava. averaging (, to 8 feet thick. and consisting of a complex
of many thin pahOl'hoe flows lying parall'l to the surface of
the bnried cinder cone. 1I1any of the flo\\'s showed cross sections
of (died or partly filled pahoeho tubes. Beneath the lava veneer
the cone consisted of coarse inder and. patter. largely weld d
to~ ·th r, and crudely bedded. The fragments ranged up to about
2. feet in length. although ll10st \\'ere less than 1 foot. \fost were

PL.ITE 2. The open challlbcT in the ccnter of the small imler
amI spatter cone, The chamber is lin d with a thin layer of
pahoehoe la \'a, and on the ri, ht the nearly vertical fl(l\\'-banding
in the pahoehoe lining- is clearly visible.. \1 the top a flow-banded
dike leads upward through the cin(kr. The chamher is approxi­
mately 20 feet aeros'. 1'11111'0 n\' (;..\. \/.\CDO"".\LU.

irreg-ular. althoug-h "Ol11e were fairly regular Hawaiian type
("cow-clung") bomhs.

By far the most interestinll: feature of the cone wa: the open
chamber at it enter. The chamber was roughly the shape of
an artillery projectile. about 25 feet across. with nearly vertical
walls which arched il1ll'ard to a point at the top. The op ning
\\'as abo It 40 feet hig-h. hut had heen hig-her, as the visible Aoor
\\'as formed of loose rubble which resulted from the collapse of
the cone. The \\'alls clf the chamber were lined with a layer of
pahoeh e 2 to 4 feet thick. in which the Aow-lines and Aow­
planes were dispose I parallel to the lI"alls of the chamber and
nearly vertical. At the apex C)f the chamher the pahoehoe lining
lI"as continued upward as a 3-foot dike II"hich leel to the t\\·o
small spatter conelets at th' summit of the cone.

pparently the lava rose into the cone. making room for itsel f
by removing the material which in earlier stages formed the
core of the cone. There is no evidence whether the r 'moval lI"as
by stoping or by redissolving the hot cinder, or both. t the
end of th eruption the magma column \\·ithdre\\,. leaving the
center of th cone empty, but the lI"alls of the cavity vcncered
with a thin layer of lava.

I.FFT

PI..\TC I. \'ie\\" of the cone ar~a of the 1949 eruption. frol1l the
top of the caldera wall to the north. In the fureground and on
the rig-ht can he seen the big pumice cone built on and against
the calcl~ra rim during early ,tages of the eruption, The fissure
arc the result of partial collapse of the cone. and the white area.
arc the result of alteration and deposition by escapin!\" ga es.
In the middle distance can he seen the hollo\\' cinder and spatter
cone. ami to its left the lava Conl:. PIIOTO nv c..\. ~IA '00i\" ,11.1).
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SEISMOLOGY

Earthquake Data, July-September, 1949

(Based on Bosch-Omori 'ei mograph on rim of Kilauea caldera.)

~Iinlltes LO"al
of Very ~lod- :'f..'is- Telo-

Tremor I'l"'1Jle Feeille 'ji~l1t croate :-:t;"nng mieity" -il'iSIllS

2 6 I 0 0 0 0 2_0 0
9 13 2 0 0 1 0 7.25 0

16 3 0 0 0 0 0 0.75 0
23 J 1 0 0 0 0 1.75 1
30 3 1 0 0 1 0 4.25 0

(i 6 1 0 0 0 0 2.0 1
[3 7 2 0 0 0 0 2.75 O.
20 2 4 0 0 0 0 ? .- 0_.J

27 9 2 1 0 0 0 3.25 2
3 I 2 0 1 0 1 7.25 0

10 11 0 0 0 0 0 2.75 0
17 4 2 I 0 0 0 3.0 0
24 9 3 0 0 0 0 2.75 0

1 6 2 0 0 0 0 2.5 1

July 5,
July 8.
July 19.
JLIly 28.
July 29,

81.
82
83.
84
85.

The data for the following local disturbances were determined
from seismograph stations operated on the island of Ha\l-aii by
the Ha\l-aiian \-o!can Observatory of the U. S. Geological
Survev. Time is Hawaiian Standard. 10 hours slower than
Green~\'ic1L The number preceding each earthquake is the serial
number for the current year.

80. July 5. 00 :44.muderate_ East rift of Kilauea ncar Ka-
poho. about 12 lllilt:s deep. Jot reported
as felt.

17: 13. very feeble.
12 :42. \'erv feeble_
09 :55, \'Cr~, feeble.
17 :36. very feeble_
20 :52. moderate. Both components of Mauna Lua

instrument dismantled. Felt strongly at
[·'apapala. weakly fr m Hawaii :\ational
Park to Hilo. Focus about 6 miles deep
about 3 mile - r.~E of Mokuaweoweo.

86. August -. 14 :49. very feeble.
87. August 8. 18 :35. very feeble. On west Rank of :'laul1a Loa

n<:al- Kaunene, 12 to 15 miles deep.
88..-\ugust 12. 19 :05. very fecble. SOllthea. t slope of :'Iauna Loa

between Ainapo and Ohaikea. shalloll'.
89. August 16. 02 :20. very feeble. Suutheast slope of Mauna Loa

about 7 llliles northwest of Pahala.
90. _'\ugust 16. 16 :2.1. very feehle. I\bout 2 miles south of Polio­

kea\l'e Pali. south of Kilauea caldera_
91. .-\ug'ust ]9. 07 :15. very feeble . .-\bout 10 miles deep. ncar thc

shore nurthwest of I-I uehue Ranch.
02. August 19.19 :24. \-ery feeble. '\ortheast rift of \/auna Loa

at about 7,500 feel.
93. :\Llgust 21. 18 :49. f eblc_ F.lt hy a fell' persons in \-olcano

district. Offshore. s'Jutheast of Kilaul'Cl
caldera.

October

:)eptelllber

,\ugust

July

Week
r:nnrtl

1947). There is no indication that the end of the quiet period
IS near. ~either ground tilting nor earthquakes appear to indi­
cate activity f h::ilau a or lIfauna Loa in the close future.

Forty-seven 10 'al earthquakes were recorded on the seismo­
graphs of the Ha\l'aiian Volcano Observatory during. eptemher.
Of these. 40 \I'ere recorded at Kilauea and 41 at the :'Iauna Loa
station. On September I a sharp earthquake was felt stronp;ly
from Kapapala to :\aalehu. and weakly in Kona and fr0111 Hawaii
:\ational Park to Hilo. It originated 3 to 4 miles northeast
of the Kapapala [.(anch headquarters. on the Kaoiki fault %One.
A smaller earthquake. less generally felt. originated a little
farther northeast on the same zone of faulting on September 14_
. n earthquake felt by a few persons in South Kona 011 September
}(, had its origin near the coast about 5 miles south of Hookena.
possibly on the Kiholo Pali fault.

On September 27, the seismographs recorded a distant earth­
quake \\'hich occurr<>d in or near southern Alaska.

During the month of September the tiltmeter at the north­
east rn edge of r ilauea caldera recorded a slight easterly and
a moderate northerly tilting of the ground surface \I'hich is
llorma[ for this season of the year.

VOlCANOlOGY

September

The Ha\l'aiian volcanoes remaincd juiet during Septcmber.
The morning of September 6 marked the anni\'ersary of the be­
ginning of the last eruption of [(ilauea. The 15 years since that
eruption constitute the longe_t quiet period in historic record.
The 13 years from 1894 to 1907 saw lillie lava activity. hut
f 'ming was alrnu't continuous. and g-Io\l- in Halemaulllall \I'as
frequent. and one brief period of tal-a cxlrusion in Halelllaumau
?ppears to have occurred in 1902 (see YOI.C.\Co:O LETTER 4'17.

August

i\lauHa Loa and I<:ilauea remained quie-t 'luring .\ugust. al­
though light fUI11e \I'as observed at the summit of !llauna Loa
late on the afterIloon of r\ ugust 30.

Forty-se\ en local earthquakes were recorded on the seismo­
graphs during the month of _\ugust. Of these, 33 were recorderl
at I ilauea ami 44 at the station on the eastern slope of lIlauna
I,oa. t\ moderately strong earthquake which \I'as felt in the
area cast of Kil,lUca crater at 2 :26 p.m. on ugust 30 had ib
origin at a depth of 20 to 25 mile,>. ahout 8 miles south-souiheast
of . pua Point. An earthquake. \I-hich originated at a depth
of about 30 miles under the southwest rift of :'1 auna Lua at 7 :22
p.m. OIl . ugust 31, was felt weakly in Kona.

On ..\ugust .3 the seismographs I-ecorded the great earthquake
\I'hich caused tremendous damage and several thousand death' in
the regiun around 11Ibato. in Ecuador. On _\ugust 21 they re­
corded the (Treat l'arthquake in British Columbia. This earth­
quake \I'as of considerahly greater magnitude than that of
:\ugust .3 in Ecuador. and the smaller amount of damage must
be attributed to its occurrence in an unpopulated area. It was ,u
yiolent that it dismantled the seismographs, of c mparati"ely loll'
sensitivity. at the \'o!c"no Observatory. 3.000 miles from its
origin_ It probably is the strongest distant earthquake thus far
recorded at the \'olcalll) Observatory..-\fte-rshocks of the British
C -Iumhia earthquake were reconled until August 23_

During ugust the tiltmeter at the northeastern edg-e of
Kilauea caldera recorded mod rately strong northerly tilting of
the g-round. which is norlllal flJr this season of the year. There
was almost no tilting- in the east-\l'est directioll_ Because therc
is normally an ea,tcrly tilting during this sea on. the lack of tilt
in the east-\l-est direction probably indicates a decr asc of \'01­
callic pressure under i\f auna Loa.

July

Since the cnd of lava extrusion about the end of :'fay. 1Ilauna
f.oa has remaincd quiet. :'{okua\l-eo\\-eo was \'isited on July 26_
:\0 signs of lava activity could be detected although the nell'
cone built during the early l110nths of 1949 was still hot and
fuming weakly and a faint pall of bluish fume hung over the
crater of the 1940 cone. The small cinder and spatter cone within
the cratel- of the larger cinder and pumice cone of the 1949 erup­
tion had partly collapsed. and the center of the cone was seen
to be occupied by an upen chamber linerl with a thin layer of
pahoehoe.

.Forty-six local earthquakes were recnrd d on the seism ­
gTaphs of the \-,,!cano Obsen'atory during the month of July.

f these. 31 were recorded at Kilauea and 34 at the seismograph
on the easter II slope of :'Jauna Loa. (The total is not the same
as the sum of those recorded at each of the stations. becaus~

many earthquakes \I'ere recorded at both stations.) On July 5
a moderately trong earthquake occurred at a depth of IO to 15
miles on the cast rift zone uf Kilauea volcano, in the vicinity of
Kapoho. i\t 8:52 p.m. on July 29 a strong shallow earthquake
occurred on the northeast ri ft of 1\ Iauna Loa ncar the summit
of the 1110untailL This earthquake. \dlich dismantled both COI11­
ponents of the \[,lllna Loa seismograph, was felt. trongly at
Kapapala and much less strongly by mallY persons in the area
from Kilauea crater to Hilo.

011 .July 23. at 12 :35 a.m .. the Busch-OnlOri seismograph re­
corded the long waves of a heavy earthquake \I'ith its origin
near the ::\ ell' Hebrides Islands. •

During the month of July the tiltmeter at the northeastern
edge of Kilauea caldera accumulated a small amount of nnrtherly
tilt of the ,ground surface, but there was little change in tilt in
the east-west direction. There is generally weak hut pro­
nounced easterly tilting and moderately trong northerly tilting
at this season of the year- Hence the absence of appreciable
easterly tilting- and less than normal northerly tilting probably
result from a slight decrease in pressure hene-ath !llauna Loa
and Kilauea.
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98. ,ept. 1,

MICROSEISMS
::'Iicroseisms were slight from July 1 to 10, moderate from July

11 to 22. slight fmm July 23 to 29. moderate ft, m July 30 to
August 6, slight from, ugust 7 to 20, moderate from August 21
to 27. slight from August 28 to September I. moderate from Sep­
tember 2 to 10, strong from the afternoon of September 10
through September 14, and moderate for the remainder f the
month of 'eptember.

TELESEISMS
July 23, 00 :35. slight. \: e\\' Hebrides Islands; provi ional

epicenter.
August 5, 14 :43, moderate. Central Ecuador, centering

around Ambato.
August 21, 18 :09, very large. Both components of Bosch­

Omori seismograph at Kilauea, and the
north- outh componeut of the ~I auna Loa
seismograph were dismantled. Queen
Charlotte Islands. off coast of British
Columbia. Caused 2-foot tidal wave at
Ketchikan, Alaska.

August 23, 10 :38, slight. Probably an aftershock of the Drit­
ish Columbia earthquake.

Sept. 27, 05: . slight. Origill probably near Juneau, in
southern Alaska.

Direction

N 40° V.,r
NI2°W
SMo E
\: 32° E
S 16° W
)J 16° W
N 45° W

N
S 70° E

N
To:

N .120
S 18° W
N 76° E

1.4"
0.6"
0.4"
0.9"
0.7"
1.1"
0.1"
1.1"
0.3"
0.2"
0.1"
0.4"
0.6"
0.8"

.\mount

2
9'

16
23
.10

()

13
20
27
3

10
17
24

1cl.

Aug.

Sept.

lI'el'k 1':11<10(1

July

Table of Tilt at Seismogroph Vault on Northeast Rim of Kilauea Caldera
,

TEMPERATURE MEASUREMENTS
\Veekly measurements of the temperature at the steam well at

Sulfur Bank were resumed on September 10. The following uni­
form procedure has been adopted. The )1-inch plug at the top
of the casing of the more easterly f the t\\·o drill-holes is re­
moved, and the well is allo\\'ed to blow freely for 10 minutes..
maximum thermometer is then ompletely inserted into the
aperture and allowed to remain 5 minutes. To date. the measured
temperature has been uniformly 206° F.

::'1 easurements at steaming' cracks at Sulfur Bank have ranged
from 203° to 208°, probably because of non-uniform exposure.
Change in the amount and direction of the \\'ind appear par­
ticularly effective in altering the mea ured temperature.

TILTING OF THE GROUND
There was a net northerly tilting' of the ground surface of 3.5

seconds of arc at the northeastern rim of Kilau a caldera be­
tween July I and .\ugust 21. 1finor reversals to southerly tilt
occurred during the periods July 9 to 12. 25 to 30, and August
9 to 10. There was slight southerly tilting from Augu t 21 to 23,
slight northerly tilting from . ugu t 23 to September 17, and
slight outherly tilting from September 17 to October 1. The
net change from July I to October I \\'as a northerly ttlt of 3.4
seconds of arc. In th east-\\'est azimuth. there was an accumu­
lation of 0.5 second of easterly tilt from July 1 to July 5. From
July 5 to Septemher 1 there were minor oscillation' from easterly
to westerly tilt, but no net accumulation of either. From Sep­
t mber I to 4 there was a sharp w~sterly tilting. fall wed by a
moderate easterly tilting' during the remainder of the month.
The net accumulation of ea -terly tilt from July 1 to October 1
was 0.9 second of arc.

CRACK MEASUREMENTS
::.rost of the crack measured shulI'ed no appreciable move­

ment. Howevc.-, the crack at the observation area on the ea t
rim of Halemaumau continued to open slightly. During the
inter al from 'une 30 to Scptember 30. stations ncar the n rthern
end of this c~ack showed opening of 2 to 3.5 millimeters, and
stations near the southern end sho\\'ed opening of about 0.5
millimeter.

Sept. 23,
S pt. 26,
Sept. 28,

Sept. 2.
Sept. 12,
Sept. 14.

94.
95.
96.

105.
106.
107.

ugu t 24. 0(; :03. very feeble.
August 24, 14: 18. very feeble. . , _,

ugust 30, 14 :27. slight. B neath ocean. about 8 mIles SSE
of Apua Point, 20 to 25 miles deep. Felt III

Volcano eli trict.
97. ,.\ ugu't 31, 19 :23. very feeble. Felt at Holualoa. endel'

southwest rift of ::'launa Loa, about 30
mi les decp.

12 :53, moderate. Both components of ::'launa Loa
instrument dismantled. Felt strongly from
Kapapala to :\'aalehu. weakly from \'01­
cano district to Hilo and in Kona from Pa­
hoehoe to Holualoa. Origin on Kaoiki
fault, about 3 to 4 miles northeast of Ka-
papal a Ranch headquarters.

02 :31, very feeble.
03 :46, very feeble.
16 :47. feeble. \b ut 6 miles deep, on Kaoiki fault

about 3 miles west of Uwekahuna. Felt in
Hilo.

102. Sept. J(,. 14 :08, very feeble. Felt in South Kona. Origin
near coast, about 5 miles south of Hoo-
kena.

103. Sept. 18, 20 :38, very feeble.
10·1. Sept. 22, 01 :31. very feeble. uneler slluthwest edge of Ki-

lauea caldera, about 8 miles deep.
21 :08, very feeble.
08 :27. very feeble.
12: 13, very fe ble.

99.
100.
10L
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BOMBING TO DIVERT LAVA flOWS

By RUY H. FINCH and GORDON A. MACDONALD

October-December, 1949

Probahly the first attempt to alter the ourse of a
lava flow by artificial means occurre I during the 1669
eruption of Etna volcano. The flow was advancing
toward the city of Catania and 'eemed likely to destroy
it. I n an attempt to a ve the city, several dozen men
c vered them 'elves with wet cowhides for protection
against the heat and duo- a channel through the wall
of hot lava at one ed<Ye of the flo\\'. The operation was
initially su cessful. A tream of lm'a escal d through
the gap thu' created and moved away at a high angle
to the direction of the original flOII', parLly relieving
the pressure on the stream moving to\\'ard atania.
Un fortunately, however, the new flow moved towan!
the town of Paterno, and some 500 irate citizens )f
I hat town descended upon the m n of Catania and drove
them away from the newly dug Im'a channel. Left un­
attended, the gap in the flow "'all soon clogged up with
cooled lava, and the main branch of the flow continued
toward Catania, partly destroying it (Rittmann. 19:29.
pp. 95-96). This early attempt, although it ended in
failure. demonstrated the possibility of di\'erting pa t
or all of a lava flow to a new course by artificially
breaking down the confining wall of the flow.

Digging al\"ay of the edge of the flow, by hand or
by machine, is a difficult and pas ibly dan<Yerous pro­
cedure. It is easier and lluicker to blast away the la\'a
by mean of explosives. The late Lorrin . Thurston
suggested orally in the early 1920's that in the case of
pahoehoe lava flows descending Q'entle slopes. high ex­
plosi \'e' might be thrust out o\'er the flow on long poles
and dropped through windo\\'S in the feeding- tulle near
the flow S(J I1l'ce , shattering the tube, forcing the lava
to :pread out ag'ain near the source. and rClllll\'ing the
supply 0 f lava jroJ11 the advancing lower elld of the
flow (1'hur ton, 1929). Similar methods had been
under discussion for 'e\'eral years by members of the

staff f the Hawaiian Volcano Observatory. Thurs­
ton's sugge tion wa accepted and advocated by Jaggar
(1931), and during the Mauna Loa eruption of 1935
J aggar introduced the method of emplacing the ex­
pia ive by dropping military bombs from airplanes
(Jaggar, 1936). This j- generally the 1110St practical
way of transporting and emplacing the explosive. In
some instances shells from nearby big guns might be
more effective becau'e of the greater accuracy with
which they can be directed; but for the most part
potential diversion ites are too inacces ille to be c n­
wniently or quickly reached by artillery.

There are three principal ways in which bombing
can bring about diversion of the fluid la\'a, thereby
rohbing the older flow below the point of diver~ion

of it- supply of lava and cau ing stagnation of the lower
end of the flow. These are: (1) bomhin o' of the nat­
ural levees along the open la\'a river of an aa flow or a
young I ahoehoe flow in which tubes ha\'e not yet
formed; (2) bomhing of the main feeding channel of
,t mature I ahoehoe flow in which tubes have lJecome
well de\'eloped; and (3) bombing of the walls of the
cinder cone at the ource of the flow,

In well-e tablished lava flows on little-dissected ter­
rane the liquid lava of the main feeding channels com­
monly is confined within tuhes or between natural levees
and is at a level se\'eral feet higher than that of the lanel
surface adjacent to the flo\\'. \Vhere the la.\'a ri\'er is
still open and confined hetween 1e\'ees. breaking down
of the levee therefore will allo\\· the liquid la\'a to escape
to one side and fortll a new flow, rohhing the old flow
oj part or all of its supply of liquid b\·a. 1f tOjl(wraphic
conditions are iavorable. th ne\\' flow may move f(

at a high angle to the direction of the older flow. and
reach some entirely different destination. l'vlore com­
monly, howe\'er, b cause the older flow was guided by
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the direction of ste pest 'Iope or pre-existihg topo­
graphic depression , the new flow follovvs the same
direction and moves downslope along the edge of the
older one, If it does so, it may eventually reach the
same place at which the older flow terminated. HolV­
e\'er, the advance at the lava as a whole is greatly de­
layed, because the diverted flow may take days, or e\'en
weeks, to I'each the point attained previou ly 1Y the
older flow. \ \Then the second flow has recLched the dan­
ger point, it also can be bombed, thus still further de­
laying the achance of the lava front.

long stretch of the flow, or several separate points
all the flow., may be suitable for bombing, If so, in
general it appears advisable to select the lowest suitable
site for bombing first. If it then becomes necessary to
bomb the flow again at a later date the higher sites are
still available. On the other hand, if the higher sites
are bombed fir t the new lava streams advancing along
th edge of the older one may so alter conditi ns that
the lower sites are no IanO'er suitable. In general, it
appears desirable to wait as long as is safely po sible
before bombing the flow. Every day which lambing
is delayed brings the eruption that much closer to an
end, and, in general, sees the rate of extra \-asation
diminished. Premature bombing may result in the
process having to oe repeated, whereas a single bomb­
ing might ha\'e ufficecl had it oeen delayed a littl
longer. Care must be taken, howe\·er.. to allow a suf­
ficient margin of time to cover the po sibility of periods
of bau weather \\'ith low vi'ibility (when bombing is
impossible) and rapid forward spurt of the flow.

The practicability of hr aking down the levee of an
open lava strecun by aerial bombing was demonstrated
during the 1942 eruption of J\[auna Loa (Finch, 1942,
p. 4). Disruption of the levee by bombs resulted in at
least one new lava stream which poured out through
the break in the wall. Topography was not favorable
to direct the new flolV away from the course of the older
one, and can equently it flowed along the edge of the
older one for a short di 'lance and then rejoined it. Even
such a brief diversion may ha\'e some effect in retarel­
ing the advance of ,he front of the major flow, owing
t the rapid cooling of the channel of the main f101V

oelow the point of diver ion, and consequent chilling of
the next lava to enter it, with the accompanying ten­
dency to clog the chatU1el.

The method of bombing the main tubes of a pahoehoe
flow was tried during the 1935 eruption of rauna Loa
(Jaggar. 1936). Bombs dropped on the roof of the
tube may break in the roof and cause the tube to become
clogged with solid fragments. Or hombs dropped into
the litluid lava within the tuhes through the roof or
through windows in the roof mav cause sufficienth'
violent stirring of th liquid t transform it from pa­
hoehoe to aa, \\'ith increase in viscosity or even local

congelation. If it is not 'wept a\\'ay with the current.
this mass may cause a pllwging of the tube. If in either
way the tube becomes cloO'ged. the result is an 0 'erflow
of liquid lava from the tube at the point of clogging and
a partial or total relllOl'al of the supply of liquid from
the tube farther dO\l'llslope. The la\'a which overflows
at the break forms new tongues which advance dO\\ln­
slope on top of. or along ide of, the older flow. If the
eruption continues 10nO' enough these tongues may de­
velop new major tuhes. and may in time reach or pass
the terminus of the older flow, but the advance of the
lava as a whole will ha\'e been delayed and the end of
the eruption will he that much closer. It may be pos­
sible to repeat the bombing if necessary.

The cinder and spatter cones formed at the source
of la\'a flows commonly contain pools of lava \\'hich
are held at levels several feet above the surrounding
land surface. Likewise. the liquid 'udace of a mature
la\'a flow issui ng from the cone is generally several
feet above the adjacent terrane. Breaking down of the
cone walls, either naturally or induced by bombiIJ<T.
therefore will allow the liquid in the cone to escape over
the surrounding ground, robbing the established lava
flow of part or all of its supply of new lava. Many o(
the cones on the ri fts of Mauna Loa have a form es­
pecially favorable for bombing. They are huilt by row'
of lava fountain spurtin"" from fissures, and are long
and narrow, with I' latively thin walls which probably
would be quite easy to break down by bombing. Bomb­
ing of th walls of the source cone has heen suggested
(Finch, 1942, p. 6: ~Iacdonald, 19-1-3. p. 255). but
has not yet been tried, However, during the 1942 erup­
tion of Mauna Loa there occurred a natural breakdown
of the cone walls liberating floods of pahoehoe. A new
flow advanced seaward parallel to the older channel.
A day later.. forward movement at the front of the
older flow had practically ceased.

Successful diver'i n of lava flows by bombing de­
pends upon a combination of several favorable circum­
stances, including: a lava river flowing in a channel or
la\'a held in the elltrCe one at a le\'el higher than the
adjacent land surface' narrow levees. thin cone wall',
or thinly roo fed tubes which can be broken open by
boml)s; and fa\'oralJ!e topography. The first t\Vo con­
ditions are commonly pres nt during eruptions of basal­
tic lan, but favorahle topography is not a general. On
the slopes of volcanoes which ha\'e been appreciably
dissected hy erosion. flo\\'s may be confined within val­
leys and diversion may be difficult or impossible. E\'en
under those conditiow, howe\'er. it may be po ible t
delay greatly the advance of the flow front by repeated
bombing and spreading of the la\'a in the llpper reaches
of the valley. n the und issected or little-dissected
slopes of young volcanoe" wbere erosion has not yet
Cllt valley'. bombing to divert the flow is both po sible
and practical.
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It must be pointed out that successful diversion is
only p sible where the Dow has continue I long enough
to establ ish well-defined channels, or build at least mod­
erate-sized cones. Probably little can be clone with the
voluminous bursts which occur during the early hours
of launa Loa eruptions when the flows are preading
rapidly in se\'eral directions and moving through many
shifting and anastomosing channels. Fortunately, these
early floods are generally high on the mountain \\·here
they con titute no danger. Like\\'ise, it must be realized
that time is relluired to prepare the plane' and load the
bombs, as well as to select the targets and put the plan
into operation. Therefore. diversion by h lllbing may
not be pas 'ible in time to aI'ert catastrophe where the
flow is advancing rapidly down steep slopes. or where
the point of uthreak of the flow is too close to the area
it is desired to save. Tt is difficult to place auy definite
limit on the distance of the vent from the endangered
area within which time is insufficient to permit bomb-

ing to di\'eri the flow. This lepends on the fluidity of
the particular la\'a stream, on the slope, and on the
general character of the terrcUle. For average Hawaiian
eruptions, with average slope conditi ns, it may be
about 7 miles. \Vhere the listance is Ie s than that,
or where slopes are steep and flow of the Java rapid,
only lava barrier such as tho e suggest d by Jaggar
(19-1-5) can furnish protection.
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• 11'ur c1dilritioll of local scismitity, see Volcano Letter 371.

The data for the follO\\'ing local disturbances were determined
from seismograph stations operated on the island of Hawaii by
the Hawaiian \"olcano Observatory of the .., S. Geological
Snrvey. Time is Hawaiian Standard, 10 hours slower than
Greenwich. The number preceding each earthquake is the serial
number for the current year.

also on December 11. It originated at a shallow depth under
the northern end of Kilauea caldera and \\'as accompanied by
a distinct r ar.

R. H. FINCH.

SEISMOlOGY

Earthquake Data, October-December, 1949

(Bascd on Bosch-Omori seismograph on rim of Kilauea caldera.)

Minutes Local
,reck of Vcr)' \10<1- Sci,- Tele-
Ended Tremor Fecili. "'eeule Sligl1l crate micity· seisms

October 8 7 2 1 0 0 3.75 0
15 5 0 0 0 0 1.25 0
22 7 2 0 0 0 2.75 1
29 2 3 1 0 0 2.00 0

X o\'ember 5 14 6 :l 0 0 9.50 0
12 2 0 0 0 0 0.50 1
19 0 0 0 0 0 O. 0 1
26 3 1 0 0 1 4.25 2

December 3 2 0 0 0 0 0.50 0
10 5 0 0 0 0 1.25 0
17 5 1 2 1 0 5.75 3
24 3 0 0 0 0 0.75 0
31 88 0 0 0 0 22.00 1

VOLCANOLOGY

October

A total of 39 earthqnakes was recorded in October. Of this
total 31 were reconled at Kilauea and 37 at the Mauna Loa
station. Two of these earthquakes, whose origins were deter­
mined, originated under ?Ifokuaweoweo. The stronger of these
two shakes was kit at Pahala at 07 :55, October 22. Four shakes
occurred in Ie . than 15 minutes during tbe evening of October
26. Three of the shakes were plainly felt at the Kapapala ranch
house. Th y originated along the Kaoiki f It ncar Kapapala.

The accumulation of northeasterly tilt at the north rn end of
I ilauea caldera during Oct ber was in ahout the usual amount
for this ea on of the year.

November

An unusual feature of this month was a swarm of earthquakes
under )'fauna Kea. Sixteen shakes occurred between 09:46 and
20 :31 on N vember 4. A few of the stronger shakes were felt
by hunters who were at an elevation of 10,000 feet on Mauna
Kea. and they were perceptible at scattered points on the island.
An earthquake which occurred at 07 :58, November 28, was felt
over most of the island. It originated under the east slope of
1I1auna Loa near )'Iokuaweoweo at a depth of 20 miles and was
strong enough to dismantle seismographs at Hilo, Kilauea cal­
dera rim, and on the east slope of 1Iauna Loa.

There was about the usual accumulation of northeasterly tilt
during the month.

A land slide from the walls of Halemaumau at 14 :21, Tovem­
ber 24, produced a larrre hrown dust cloud.

December

A distinct feature of the month was the recording of 262
earthquakes on the 1,fauna Loa seismograph on December 28.
Four of the shakes \\'ere registered as very feeble and the rest
were small tremors. About 80 of the shakes I\'ere recorded on
the B sch-Omori seismograph under the \'olcano House and
47 on the Kona instrument at I ealakekua. In at lea t two in­
stances 3 distinct tremurs " ere recorded in 30 ·econds. Shortly
before the shaking ceased, or at 23 :02, continuous tremor started
and lasted for 18 minutes.

The fre luency of the tremor and thc rather uniform small
amplitude suggest an intrusion at moderate depth under the
northeast rift of 11auna [,Qa at about 12,000 feet ur alove.

In addition tu the swann of earthquakes on December 28,
42 shakes were recorded during the munth. Of this total 39
were ree rded '1I1 the ~launa Lua instrument and 25 at Kilauea.
Two of the earthquakes w r str ng enough to be perceptible
and both originated under Kilauea. The first occurred at 03 :06,
December 11. It originated deep under Kilauea and was re­
corded on sei'm graphs on Oahu. The second occurred at 15 :09

108. Oct. 2,
109. Oct. 3,

110. Oct. 3.
111. Oct. 22,
112. Oct. 22,

11.1. Oct. 23.
114. Oct. 26.
115. Oct. 2(l.
116. Oct. 27,
117. Oct. 30,
118. ::\ov. 4,
oJ19. J\ 01'. 4,

01 :28, very feebl . South edge Kilauea caldera.
08 :44, very feeble. -1-5 milcs deep on Hilina­

Paliokeawe fault 8 miles southeast of
V olcano House.

16:57, very feeble,
03 :51, very feehle. East slope Mauna Loa.
07 :55, very feeble. Felt Pahala. South end 1110-

kuaweow('o.
10 :14, very f 'eble. East _lnpc ~fauna Loa.
17 :58, feeble. Felt at Kapapala.
18: 12. very feehle. I'elt at Kapapala.
03 :56, "ery feeble.
10:56, very feeble,
10 :37, very feeble.
10 :52, very feeble.



Page 4 THE VOLCANO LETTER

120. 0Jov. 4,
121. Xov. 4,

122. ~uv. 4,

123. XO\'. 4,
124. :\ov. 4,
1-5. Kov. 5,

126. Xov. n.
1.27. Xov. 25,

12S. Dec. 11,
129. Dec. 11,

130. O'c. 12,
13[ I ec.16,

TELESEISiIIS

Oct. 19,
'ov.9,

Nov. 19,
Nov.21,
Nov. 26.
Dec. 16,
Dec. 16,
lk .17,

Dec. 25,

II :44, very feeble.
12 :00, VCr)' feeble. 118 to 121 probably same

location as 122.
12 :12, feeble. Felt by hunter at 10,000 feet on

?\launa J ea. At a depth of 20 miles
und<:r summit of 11auna Kea.

13 :02, feeble. Same as 122.
14 :10, feeble. ~'ame location as 122.
18 :45, very feeble. nder east slope uf :Mauna

Kea.
02 :49, very feeble. Mauna Loa.
07 :58, moderate. Instruments dismantled. Felt

local'" and from Xorth rona to Hilo.
20 mi'le under east slope of :-1auna Loa
near :-Iokuaweoweo.

03 :06, f ehle. Felt locally. Deep under Kilauea.
15 :08, slight. Felt locally anel accompanied by

roar. t:nder north end of Ki lau a cal­
dera.

18 :56, feeble. Kilauea.
07 :35, very feeble.

11 :11, slight. Sololllon Island.
13 :32, .Iight. North of Easter Island.
22 :29, slight. Gulf of California.
IS :02, slight. Kermadec Islands.
22 :52, slight. Tonga.
21 :46, . light.
22:16, light.
05 :58, light. X car outhern tip of South

.\merica.
20 :45, slight.

TILTING OF THE GROUND

There \\'as an accumulation of north tilt amounting to 3.3
seconds of arc bet\\'een October 1 and KU\'ember 21. The ea­
sonal change to outherly tilt occurred earlier than ommon,
and from Xovember 22 to December 31 there was an accumula­
tion of 2.2 seconds of south tilt. The 4.8 second of east tilt
between October I and December 31 \\'as about the usual f r
thi eason f the year.

Table of Tilt at Seismograph Vault on Northeast Rim of Kilauea Caldera

Woek Ended Amount Direction

Oct. 8 0.7" :-\9° E
15 2.1" :\ 47° E
22 0,3" :\ 26° E
29 0.7" ~

~ "ov. 5 0.4" 34° \V
12 1.1" N 26° E
19 1.5" .' 76° E
2G 0.6" S 54° \V

Dec. 3 1.0" K 70° E
10 1.1" S 12° E
17 1.3" S 73° E
24 1.5" 39° \.
31 0.6" '\ 53 E

TEMPERATURE MEASUREMENTS

MICROSEISMS

~Iicroseisms were slight October 26-28 and . 'ovember 17-21
inclusi\'e, str ng from :\o"cmber 12-14, and moderate on other
day'.

CRACK MEASUREMENTS

The north rn end f the crack at the obserl'ation area on the
east rim of Halemaumau opened 2 millimeters during the 3
Illonths neling December 3[ .\11 other cracks that were meas­
ur d sho\\'ed little or 110 m vemellt.

There was a positive decrease in the temperature of the steam
well at Sulfur Bank. The decrease amounted to 2° F.-from
ZOoo F. on 0 tober 1 to 204° on • 'ovember 30. The tempera­
ture in December appear d to be nearly constant at 204° F.
:\ \'ent in the ,'ulfur Dank 'howed a imilar drop from 205 F.
on October 1 to 203° F. 011 December 28. The decrea e do s
not 'how a good correlation with heavy rainfall and perhaps
is a regular seasonal change.

The highest temperature found in the Ko oolau steaming
area 011 Xovember 4, 1949, \\·a. 190° F., or a little Ie s than was
common for everal year. after it wa n ted that tree were
being killed there in 1938.

At the A loi crater steaming area the highest temperature
found on • -ovember 4 wa' 194° F.
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Hilo Stotion:
Brother B, T. Pleimann, Saint Jo eph's School
Kealakekua Station:
H. :-1. Tat uno, Konawacna Sch 01

HAWAIIAN VOLCANO RESEARCH ASSOCIATION
In cooperation with the UNIVERSITY OF HAWAII

The Hawaiian Volcano Research Association was found- research associates, instrumental equipment, and special
d in 1911 for lhe recording and sturly of volcanoes in the im·estigations. Dr, T. A. Jaggar is thetr geophysicist resi-

Hawaiian Islands and around the Pacific Ocean. Its dent at Kilauea.
€,quipmenl at Kilauea Volcano, Hawaii Island, has been The Volcano Letter, a quarterly rec rd of Hawaiian
transferr d to the nit d States Geological Survey. vol 'ano obsen-ations, is published by the University of

The University of Hawaii 'ooperates in matntaining a [jawaii and supplied to members of the Research Asso-
research 1 bOl'atory at Kilauea. The Association and lhe cia lion and to exchange lists of the n.bove establishm nts.
University suppl ment the work of the government with
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