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A STUDY OF THE VISCOSITY OF LAV A 

By 

Harolcl S. ]'almc>r 

No. 1 

Very little is k11ow 11 as to the visc·osity of li\·c l::n-a . The typica l statl•111c11t 
in geologic tc>xthooks is t hat lavas IOI\' i n silica may flow like water, hut that 
Javas high i n silicri arc more viscous. Laboratory experiments clo 11ot seem 
likely to yield i nformation on this point bc>cause of the difficulty in rrprod uc­
inz:: 1,atmal l:l\·as which arc morr or less charged with gases wh ich affect the 
viscosity. It seems that a rough <'Stimate of the viscositY, though inexact, is 
better than no estinU1tc at all, ,rnd i n the present paper the attempt is made 
to compare the known veloc it)' of a certain lavn stream "·ith the velocity of a 
compara hle· watc-r stream, thus en ah ling one to compar e the viscosities of the 
two fluids. Tho yelocitv of t he lava stream was observccl in the fie ld. 'l'he 
Yclocity of the water st;·cam is computecl in the office. 

Becker* romputecl t hat t he 1840 flow from Kilauea, whid, reached the sen 
at Xana,rnle flowCll nt a rate of 22 fret per minute (0.37 feet per second ) 

* B ecker, Georgn F., Some quc>ries on 1·ork cliffcrcntiation : Am. J·our. Sci., 
-Uh Ser., Y ol. :I, No. ]3, p. 29, January, 1897. 



down a g rade of 2 pl'r ee11t1 as it hail i Is sourc·c at 124! feet cleva tion and 
aclvancccl 11 nLiles in two clays. Ho snys "\V:1ter in a stream of such a cross­
section 011 s uch a grade would flow at about 6 miles per hour (8.8 feet per 
seconcl) or abou t 2! times as fast. Since lava is about 2.5 times as d ense as 
water, these data roughly indicate for the kinetic viscosity 2.5 times 24 or 
60 times the v iscosity of water.'' B eek er ' s data al'C taken from the report by 
Rev. Titus Conn published h.l' B righamt . It nppe:ll's that Becker used the aver­
age i-ate nt which the front of the flow ad\'ancecl which would he slower than 
t h e movement of t he lava once a ch::mnel hacl hocn established. 'l'hc front oI' 
a flow advances slowly as a whole, bec;iusc it does so by making various 
tongue-like extensions whi<·h become blocked so that the Jaya is turned ba rk 
an cl diverted to make new extensions. },urthcrrnorc, the ad\'ancing flow \\·ould 
have to fill depressions in the t c rrn11c beforn it c·oulcl go on, ancl this ponding 
would delay the advance. Therefore Becker's estimate of tho Yelocity is 
probably too low, and in consequence his estimate of the Yiscosity is ti)(, high. 
His estimate is a lso probably too high, as he used a speeific gmvity greater than 
that of Ii ve lava. 

In 1919 Dr. T. A. J"aggarf obserYecl tho pahoehoe stream in the main channel 
or gutter of the Alika Flow to be moviug at tho rate of 11 miles per hour, 
or about 16 feet per seconcl. Ho bclie\·os th:1t the channel was from 20 
to 40 feet wiclo and from 13 to 30 feet deep. R ecent topographic mapping 
sh ows the gradient of the channel to be about 500 feet in % mil<'. or al,out 
12.6 per cont . 'l'he rate obsenred by Dr. J"aggar is compared in the pre•<>nt 
paper with the rate at which water would flow in a channel of like cross ~e~fion 
a1,cl gradient . 

The velocity of water was computed by use of tho Chezy and Kuttcr form•t­
Jas, familiar to hydraulic engineers. The Chczy formu]a is 

V=c 'I/rs, 
Where V is the mean YClocity in feet per second, c is a coefficient de!>ending on 
the dimensions and roughness of the chaimel, r is tho hydraulic radi11..>. and , 
is the slope or tangent of the angle of inclination. The eoefficient. e. i- n~ually 
computed by .'u1:ericnn engineers from the Kuttc1· formula. 

c= 

] . 811 0.002, 1 
--+ -I] .6.3 +---

n s 

ll ( 0.002''1) 
I+-= -U.65 +---

v' ,. s 

in which ·s and r arc lite same as in the Chez'" f.,rmula. n i- a eoe&· t. ex­
pressing tl10 roughness of tho channel surfaces, :md :he ,arion- nmnme:il 
coeflicieuts arn those derh-ecl cmpiricall? from experiment• wi:h eh:a~- of 
many t ypes. The gradients invoh·ecl in the present disens,ion e:xettd -zreatly 
the gradients usecl in the basal experiments. Therefore the experimoal d:l:a 
are strongly extrnpolatcc1, ancl the computed ,elocitie~ mu~t he ;aken a- !!inr:: 
little more than the order of magnitude of the wloeit~· of the hypotbe.k:11 ..-att'T 

stream. 

t Brigham, William 'l'., Notes on the Yolcanoes of the Hawaiian I,!31!:d-: 
Mcm. B oston Soc. Nat. Hist., Vol. I, part iii, pp. i0-7!, 1868. Reprin:cd in Bri::­
ham, 'rbe volcanoes of Kilnuea an<l )[amia Loa, 11cm. B. P. Ili bop :Yu- um. 
Vol. II, No. 4, pp. 50-54, 1909. Also ahstraeted in Dana, James D«-i;h:, C!:.:.:­
acteristics of Volcanoes, pp. Gl-65, 1890. 

t Oral communication. 
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The hydraulic radius is defined as the ratio of the area of the cross-section 
to the length of its wetted perimeter. As seen by the cross-sections in the 
right hand part of Figure 1, channels of quite different cross-sections may 
have the same hydraulic rndius. 'fhus four 1iear the bottom of the diagram 
have each an hydraulic radius of four fert. If of like roughness ancl slope 
the~- would carry "·ater with the same mean Yclocity. It may be 11oted that 
in Yery "idc streams the hydraulic radius hecomes almost eq ual to the mean 
depth. 

The Jh·e curYcs in Figure 1 show the velocities of streams of " ·atcr occupy­
ing channels with ( 1), a gradient of 12.6; (2), hydraulic raclii of 4, 6, 8, 
10, a11d 12 feet, respectively; and (3), varying degrees of roughness. The 
clotted line sunounds the 1·egion of the graph that inclucles the probable 
hydi-aulic radii and clegrees of roughness of tho main gutter of tho Alika flow. 
Tho meclian velocity in this "probable ai-ea" is about 155 feet per second, 
tl; c range bci11g from 115 to 200 feet per second. 

The probability is that Dr. Jaggar observccl the velocity of a surface t hreacl 
11oar the miclc11c of the channel. Such a thread woulcl have a velocity 5 to 15 
pe1· cent greater than the mean velocity of the stream. Therefore the p reced­
ing velocities ai·e increased by 10 per cent, making the median 170 feet per 
second (range 125 to 220 feet per seconcl) . These are tho veloci ties which 
should be compared with the 16 feet per scconcl observed by Dr. Jaggar. 

It appears that the lava was ilowing about one-eleventh (16/170) as fast 
as water would haYe flowed if i t had fillecl the same channel, altho the ratio 
lllay have been as great as one-eighth ( 16/125) 01· as small as one-fourteenth 
(16/220) . 

Tho rate of flow of tho Jaya is assumed to have been steac1y, in which case 
tho driving force would have been just enough to overcome the viscosity or 
internal resistance of the lava, hut with no excess of driving force to accelerate 
the lava. Since the gas-charged fluid lava has a specific gravity of the order 
of 1.4* the force clriving tho Javn ,;tream would be about 1.4 times as great 
as the driving force of a comparable water stream with unit specific gravity. 
If streams of two fluids were alike in all respects except specific gravity, then 
tho driving forces would be in the same ratio as tho specific grnvitics. Ancl if 
the velocities were the same, tho Yiscosities would be proportional to tho specific 
graYities, that is, to tho clr i,·ing forces. 

Since the velocity of a stream is inversely proportional to the viscosity, 
we may write the equation, 

specific graYity 
Viscosity= a constant times - ------

velocity 
Substituting l .4 as n rensonahle Ynlue for the specific gravity of tho Alika 

lava, 1/11 (or 1/8 or l/14) for the rclath-e Yelocity, we find that the viscosity 
of tho hwa on this occasion was very likely 15 times the viscosity of water 
nncl lay bet"·ccn 11 and 20 times. 

There arc four sources of error in tho computations of the velocity of the 
hypothetical stream of "·ater. Two refer to the assumptions as to (1) the 
dimensions of the channel cross-section, a11cl (2) the roughness of the channel 
wn Us. A considerable range is allowccl for these variables in tho graph which 
is based on computations for 45 combinations of roughness ancl hyclraulic radius. 
Another source of error lies in the assumption (3) as to tho g raclient. A m 11n­
ber of aclclitional cases were computed assuming graclients one-tenth steeper or 
less steep than that assumed previously. It was founcl that such a ch1mge 
in grndient woulcl produce only 4 to 7 per cent change in velocity. Fm·ther­
more, it is believed that t he graclicnt assumed is very ncm·ly correct. The 
fourth source of cnor comes from ( 4) extrapolation of the Kutter formnl:i 
beyoncl the range of the c:-.1lerimental clata on "·hich it is basecl. Two ad<li-

* Jnggnr, T. A.: Bull. H VO., Yol. IX, Ko. 2, p. 29, Fch. 1921. 



tional sources of error refer to the p roper ties of lava, :wd :Hll as f ollows : 
(5) 'l' he amount of efferYcscence and Hs effect on specific gnn· it.v and velocit.v. 
(G) The amount of soli<lification on wall of channel and i ts effect Oil roughness 
of cha n11cl walls a11d on hypothetical cross•section. 
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2 

~ I 30'x4a I V C: 
~ 

:B'.030 
., r • IZ.' 

r• IZ' r • 12' 
<> u 

"' i 20·,4o· I l25'x.l3t,•I u ~ .025 
.._ 

\ 
~ 

..c: r • 10' r = 10' 
g' r • 10' 
0 

""' 
116·,32· I 0 ! 12·,z'fl J1s·,wl 

r• 8' r= 8 ' r• 6' r •6' 

-0.01 7 

0 ~ \!) 
0.015 ' 

r=6' r•'f r•lf-' 

0.013 ~ 
0.011 

LUMW'-.ILJJ.!2~"----..L..---.:,._1._ _ __c:,~_,...1-.::,.. _ __:::,,_,.L.:::::,,...!SS!.!!>==.L./a~5•c 
100 

F ig . 1. Channel Cross-Section and Btream Ydocities. (Artie](' b~- H. R. Palmer./ 

VOLCANIC CONDITION S IN JANUARY 

Activity of H alemauma u 
D uri11g this month Ilalc>niaumall' ga,·c some indiratioll of possible r eturn of 

lava, with incrc-asing sulphur deposits ancl rnther frequent a,·nh111<.ching. Heayy 
1·:i i ns the fi rst days of the month faile,1 to wash :nrn:v th<' hright yellow sulphur 
at the south tnlus. Blue> sulphurous fnmc- cloc-s not show at this place as it did 
formerly : the1·c is only white steam. 

F or t he> wc-ck c-ucling ,T:111uary 5 ther<' w<'re Hi ,-'c-rr fochle local c-ar thquakes. 
Mic roseisms were large after ,Tanuar_v 2, owing to a strong northeast wind. 
~'ilt was moderatc-1~• eastward. 

Fourteen \'Cl'.\' foc-hlc trcn1hlings "·ere> rc-gistcrecl iluring the next week. 
::.\iicroscisms <·ontin uccl strong to .Janu:ir.,· H. and th<'n climinishecl to normal. 
'l'ilt accumulated modcrntel,v W<'Stward. 

'l'he third week of the month hrought ahout some marl<cd changes : Increase 
in nrca of the> sulphurous pa.trhes; incrC'ase in the amount of a,·alan<'hing, and 
inerense i11 the number of c-nrthquakcs. The combination of these mean chem· 
ical a11,l physical distmhnn<·<'s that ma_v portend erupt ion. On January 15 and 
16 there were nndanc·hes loucl c-nough to hc- hea rd at the Obsen·atory. and 
dust from slides was seen frequently. The pit walls "·ere steadily "·orking. 
and much new debris wns added to the> talus slopes. There was a. total of 29 
Ycry feeble local earthquakes, most of them O<'cu rring Oil the ]3th. 1,Hh, and 
15th. One of the shocks hcgan at 5:07 p . rn . on the 14th and lasted o,er two 
minutes. Tilting of the ground ac<'umulated nr.r slightl.v to the east, which 
mny menn an inrre:ise of internal lava pressure under }.fauna Loa . 



Fig. 2. MAUNA LOA T,Ac1.TJ)SCAPES. August ]7, 1915. Looking clown on IGlnucn, with H alcmauma u smoking, from 
1-Ta lealoha , the tank camp, abont 7,000 fret c lc ,·ation, on Kapapala trail, ca st flank o f i\founa Loa. Direc t ion 
N . 80° E. Photo W ood. 



Fig. 3. A ugust. 2-i, J!lHi. Looking northeast clo""n l ine of cones along M nunn L on i-ift from edge of l\fokun\\"coweo 
C'rntcr. l';tc:1ming cone in middl e distan ce. E:1eh cone wns the sou1·cc of n ln vn flow. It \\":lS from these that 
sc ,·c1·:il no""s thrc:1tcncd ll ilo . Photo \Voo<l . 

··--



Fig. 4. West ,mil :incl bottom of s ummi t crater o f Mauna Lu:1 , Mokunweo ll"CO, August 23, 1915, showing l!l03 cones. 
J~:111chrnm:1tie plnte , ],' fil te r. Photo ·wood. 



l<'i g . 5. ~a mc, l ooking more to t he south,,·est, 1 s 1owing 1914 cone. P h oto Woo<l. 



In the latter pa rt of the mo11tlt th,:, 11eriod of antlnnching ceased nncl the 
walls became rather quiet once more, although rock fnlls were oceasionall~· 
heard when the pit was ,· isited. On Jnnuar:v 20 some dust was seen o,-er the 
pit. The bright ~•ello\\· sulphur cr)•stals 011 the south talus remained· fixed . 
though the1·c were hea,·y rains on the 26th, but the other sulphurous spots 
hetame paler. -

During the week ending .Jnnu:ny. 26 there were 25 earthquakes r econled, 
most of which were Yery fechle. One of these, at 6 :.J.9 a . m. J anuary 2-!, was 
s trong])' felt at Kona, and had an inclicatecl clistnnce to origin of -!± mil0s. 
A slight earthquake was felt at Yolcnno IJousc nt 6 :54 a. m. ,fanuary 2.J.. 
'!'here was also a dista11t earthquake rcgister C'cl, beginning at 3 :45 p. m. Janu• 
ary 23. Phase's of this shock i ndicated its distance to he ahout 3,580 miles. 
Tilt for the weC'k was slightly to tll(' southenst. 

The month tlosed with 110 new changes in conrlitions in IIalemaumau, and 
thC'rC' wns littie or 110 aYalanch,ng . 

.JOURNAL, .JANUARY, 1927 

.January 5. .After sen•ral days of 110rtheast storm ancl rnin, the pit sho\\·s 
fixed bright yellow sulphur at the south talus. Thjs al'ea cloes not emit the SO~ 
hlue fume that "·as formerly so noticeable hC're, mixed with the wh ite Yapor. 
Xow there is OlllY the white steam. 

1'he northeast' torner of the pit, at the rim, has rnved :11rny profoundly, and 
thC' ta lus helow has fresh ro<>ks on it. The strong wind hns knocked 0Yer signs 
:111cl trig station flags. Rteam Yolume is not unusual. L arge a reas of white stain 
a re on the north and northeast walls . 

.January 13. s\t l :-10 Jl· 111. there was dust from a slide ha11ging 0Yer the pit . 

.January 15. At 11:43 a. m. an aYnlnn<>hc- in the pit was hc:ud at the Ob­
ren·nt9ry, an,1 all about noon dust from slitlcs hung o,·er the pit . .1-\t 4 p. rn. 
the nor th ancl north-northeast taluses WC'rc ~een to li e topped with fresh clehris, 
:111c1 there is a frrsh ,·on<·hoiclal lne:tk in th<' north wall. l\Iost of thC' sliding 
:·ppC':ircc1 to have hren at th<' west eontnet of thC' hig sill. 

From .J. to 4 :30 p. m. sliclC's occurr<'cl from the 110.-thC'ast, 11orth-northeast, 
1:orth, northwC'st, nncl ~outlrn·est "·alls. Evidently the wnlls a rc m1easy. 

1'he south tnlus nt two p laces hacl very bright c·ellow sulph ur spots. 
Stram is dC'nsest at thC' upper 11:irt of the southwest talus; and is t hin at 

I he other plnc·C's. 
Th<' higgrst pat<•h of wliit<' stain 011 the walls is under the northC'ast sta­

tion. 'l'he walls nn<l talusl'S arc ch~·, ancl the we:ither is c·IC'a r . 
.January 16. At 2 :;58 :30 p. 111. the re was a lJig avalanche roar, and a gray 

rloucl of dust arosC'. app<'ari ng first nt th~ 11orthC'ast corner of Halcmaumau. 
'!' here were othe1· milcl clispln~•s of rlust hC'forC' this. Th is was th <' noisiest slicle 
and t hC' biggest dust tloucl seen for man)· "'C'C'ks, though th<'rc was a nois)· 
slid <>, 11·ith little clust, ycstncln~• al,out 11:43 a. m. 

The pit wns Yisitecl at 4 :30 p. 111. 'fh<' :walan,·hcs had quietC'<l clo\\·11 , lrnt 
the walls were nnstC'nrly, with ti-ickl iug slides seen and henrcl repcnteclly· north­
east, north-uorthe:ist. north-northwest, no1·thwest. nucl southwest nC'a r the ri ft 
c·n,·C'rn. The north corner has a sear of anothe r avalanche, and the north tnlus 
is c·oYerC'cl with fresh red rlelll'is. This was prnhabl)" the slide that acrompan iecl 
t hC' eart hqu:1 kc of .\'C'Stenlay aftel'IIOOn. 'J'ocln.1· 's ~licle was appa1·C'ntly north­
northeast, wh<'r<' t here is a fresh w,1 Ii sr:1r high up. 

At thC' south station thC' snwll of spity sulphur is strong. This rises from 
thC' yellow stenming patc·h ni the south talus. 

ThC' ,n1lls tocla)· :ne 11·<'t and dark red . although n1ins last night were light 
in the Yir init~· of th<' Ohscn-ator)'. The salts on the rock hank at the base 
of the> southC'ast wall nrc C'ntirel~• wnshrrl away, :111cl the white area of the 
llortheast w:111 is smallC'r. 'J'her<' are man)· snits on the g round outside and 
south of t he pit. 'l'hC're nr<' .grc<'n rnoss patthC's ancl hlue g reen algae half,rnr 



doll"n the south and west walls of the pit. There is much moss and grass ancl 
other plants about the steam rracks east of the pit. 

About 100 yards south of the pi t is a bowlder of agglomerate three feet in 
cliameter showing flaky gray ash la~·ers aml other pebbly layers, the whole 
decom.poscd in place with flakes piled arom1cl the rotten heap; this is the lar gest 
sample of acid degenerat ion amo11g the 192-! ejecta yet seen. 

J anuary 18. At 4 p . m. there ll"ere rock trickles southwest, northwest, 
and northeast. Dust hung over the pit yesterday occasionally. 

The ar ea of the yellow solfatara at the south talus is growing larger. The 
little area of sulphur at the east margin of the south talus is bright with 
sulphur crystals. T here is much sulphur at two other places along the east edge 
of the bottom, and a faint yel low stain southwest of the center, abou t whern 
the July, 192-!, cone was. All of this development of sulphur is very new and 
m:-iy portend t he return of lava. 

The hot line of steam jets up the middle of the southwest talus, w it h a dry 
pntch in the talus, may t urn sulphur ous just as the south talus has clone and 
as the bottom of the northwest tal us i s doing. 

'.!.'he working of the wa 11 today seemed to be near the southwest-northeast 
rift, both on the sou thwest and northeast walls. 

J anuary 20. A visit to Halemaumau at 6 p . m. showecl 110 change. The 
weather was calm ll"ithout wind. T here were falls of stones nor theast and west. 
Fresh debris lay on the 1101·thern t aluses. Some dust was seen over the pit 
today. 

Rocks were heard falling in t he pit at 9 p. m. 
J anuary 22. During a visit from 3 to 6 p . m. a walk "·as made arouncl the 

pit. .A. few i~olatccl 1·ocks fell. '.!.'here was dense flocculent steam from the d ry 
patch at the miclclle of t he southwest talus. 

Tho west encl of the big sill is against 1·ocks t hat arc very reel. The new 
talus below is very red . 

The cast sulphur spot is at least 100 feet above the lava floor , ancl t11c south 
sulphur spots are at lenst 200 feet above the floor. 

No new <:racking of surface ash was observed anywhere around the pit. 
J anuar y 23. At 10:30 a. m. there ,,:-is no change in conditions at the pit. 

One slide occurrecl on the southeast side, hut was startecl by ho~·s throwing 
sto11es. There was a little slicling northeast. 

J anuar y 26. At 2 p. rn. there was one fall of rocks at the northeast wall. In 
the upper pa r t of this wall there is a large arch of jointing across all the beds. 

Heavy rain for the last two days has wet the walls and made them dark 1·ecl. 
The steam of the pit bottom has not increasecl. The smaller sulphur patches 
aro washed ancl paler thnn before. The solfatara of the south talus is still 
bright yelloll"; t he rain has not washed that away at all. 

J a nuary 28. From 3 to 4 p . m. nothing new was noted nt Halcmaumau. 
A jet of steam wns rising from :1 howlder in the midst of t he clry hot patch 
:it the cC'11tcr of t he southwest tnlus. There were 110 slides of any size. 

SEISMOMETRIC RECORD 

T here wei-e 8-3 local earthquakes ancl one teleseism recordecl on the Oh­
serrntory seismographs during the month endecl at midnight, Janum·.,• 31, 
1927. These and other phenomena are listed beloll". The time used is IIa­
waiian Sta11clarcl (time me riclian is lii7° 30' W.), which is JO hours ancl 30 
minu tes slo\\·er than Greenwich. 

The grenter numbe1· of the very feeble local shocks, countccl in the list, 
make such minute 1·ecorcls thnt the charac·ter of the disturhnnce is not nhnrrs 
apparent. Some are true earthquakes; othe1·s a1·e perhnps the pnrts of greater 
amplitude of a continuous or protractecl tremor, which at other times may be 
too fcehle to record; some seem to he records of \·ibrations set up h~· avalnnehes 
in the 1>it of H'alcmauman. 
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Abbredations used belo"· arc as follows: vf, very feeble; f, fcehlc; s, 
slight; m, moderate : d, instruments dismantled; fl, felt locally; 6, indicated 
distance in miles ; *, continuous tremor. 

Local E arthquakes 
January 

1 12:44 a.m. d. 
1:17 a.m. vf. 

2 4:41 p.m. vf. 
3 5:49 p.m. vf. 

7 :43 p.m. vf. 
9:27 p.m. vf. 

-I 7 :16 p.m. vf. 
:5 6:31 p.m. vf. 
6 4:57 a.m. vf. 

7 :30 a.m. vf. 
7:00 p.m. vf. 
7 :17 p.m. vf. 

7 3 :59 a .m. vf. 
12:45 p.m. vf. 

8 10:41 p.m. vf. 
9 3 :29 a .m. vf. 

10 4 :09 a.m. vf. 
2 :49 p.m. vf. 

10:17 p.m. vf. 
] 1 1:57 p.m. vf. 
12 8:3-1 a.m. vf. 

11 :32 a.m. vf. 
8:41 p.m. vf. 

13 1:25 a.m. ,f. 
3:47 a.m. ,f. 
4:39 a .m. vf. 
5: 03 a.m. vf. 
6:20 a.m. vf. 

J 1:04 a .m. ,f. 
]].:JO a .m. d. 
Jl:24 a.m. vf. 
11:52 a.m. vf. 

-1 :03 p.m. vf. 
11:35 p.m. vf. 

Teleseism 
.January 23 

iP 2:-1:3:03 p.m. 

l-1 11 :28 :1.111. vf. 
5:07-5:09 p .111. vf. * 
7 :42 p.m. vf. 

15 5:59 a .m. vf. 
6:14 a .m. vf. 
3 : 37 p .m. vf. 
3 :45 p.m. vf. 
5 :08 p.m. ,f. 
8 :21 p .m. vf. 

JG 2:59 p.m. vf. 
-1:28 p.m. ,f. 

J7 2 :34 a.m. vr. 
5:08. a .m. vf. 

10:08 a.m. vf. 
18 12 :40 p.m. vf. 

12:51 p .m. vf. 
19 12 :52 p.m. vf. 

3: 16 p .m. vf. 
3 :21 p .m. vf. 

20 1:14 a .m. ,f. 
3:19 a .m. vf. 
5 :13 p.m. vf. 
5:23 p.m. vf. 
6:04 p.m. vf. 

21 1:12 a.m. vf. 
6:02 a.m. vf. 

11:26 a .m. vf. 
11 :30 a .m. vf. 
11:46 p.m. vf. 

R 2:52:26 p.m. Disl:111cc 3,-380 miles. 
L 3:01:00 J).m. 

Harmonic Tremor 

22 3:17 p.m. Yi. 
23 2 :28 p .m. vf. 
24 4 :38 a .m. vf. 

6 :49 a.m. vf. 6 H 
1:23 p.m. vf. 
1:35 p.m. vf. 

10 :37 p.m. vf. 
25 6 :54 a.m. s. d . fl. 

l],:15 a.111. \"f. 
26 3: 21 a.m. vf. 

11 :24 a .m. vf. 
27 12 :01 p.m. vf. 
28 2 :07 a.m. vf. 6 22 

9:35 a.m. vf. 
3:46 p.m. vf. 

29 2 :58 p.m. vf. 
10 :43 p.m. yf_ 

30 1:11 p.m. vf. 
9 :45 p .m. vf. 

31 ] :25 p.m . vf. 
2 :09 p.m. vf. 6 37 

11:53 p.m. vf. 

This movement was not recol"(lecl during the month. 
Microseismic Motion 

:M:icroseisms began to increase in amplitude about January 2, 
maximum on the 4th, diminishing to 11ormal again by the 6th. 
normal cluri11g the rest of the month. 
Tilting of the Ground 

December 29-Jauuary 4 . .. . .... 0.5 seco11cl N . 
January 5-11 ................. 0.8 " WSW. 

,, 12-18 .................. 0 ,, 
" 19-25 . ................ 0.3 W . 

reaching a 
'l'hcy were 

'' 26-February 2 ......... 0.6 '' SE. 
'r . . \ . . JAGGAR, 

Yolcanologist. 



1<..ILAUEA 

Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and corresponclence should be addressed HAWAIIAN VOLCANO 
OBSERV .A.TORY, Volcano House, Hawaii. 

The Observatory is operated by the U. S. Geological Survey, and its work 
is supplemented by the Ilawaiian Volcano Research Association. The main 
station is on the northeast rim of Kilauea Crater. Subordinate scismogrnph 
stations arc operated by the Research Association under the clirection of the 
,·olcanologist in Kona, Ililo and Hilea. 

'l'he Kilauea station operates horizontal pcnclulums of the Bosch-Omori type 
ancl rcreives t ime by wireless from the Ilonolulu Naval Station. Obsernitory 
Lat. 19° 25' 54.3" N .; L ong. 155° 15' 39.6" W .; Elevation cellar )214.6 meters 
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums. 
'fheir seismograms are sent to the Observatory. 

The Ilawniiau Volcano Research Association founded the Observatory in 
1911, transferring the plant to the Government in l!Jl9, but continuing coopera· 
tiou in experimental work by furnishing funds and apparn.tus and workers as 
needed by the Government Volcanologist. It is a corporation unde•· the laws 
of Hnwaii, go,·ernecl by a board of clirecto1·s, and :financed by the subscriptions 
of its members anil patrons. Its aims are iilentical with those of the Obsen·a· 
tory, namely, (1) To keep record of Tiawaiian Yolcanism, (2) T o attract vol­
canologic specialists to Ha"·aii, and (3) 'To promote worldwide knowledge of 
volcanoes and earthquak('S and the foundation of more volcano observatories. 

s 
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e1IA P AXD ST A'l'JOX DA'J'A 

NOTE ON THE EARTHQUAKE I N THE AZORES AUGUST 31, 1926 
By J . Agostinho 

'l'he epif,•ntcl' of the earthqunke was situatec1 in t ho ch:rnncl between t ho 
isla11ils of l'ieo anc1 J<'ayal, some 20 km. to tho west of the hig vokan ic cone of 
Pico- n mountain 2,274 mckrs high , which resembles rem:u-lrnbly Fujiyallla 
,incl whoso volcani,· adivity has only been mal'kecl the last fou r centuries hy 
some lavn outhl'caks frnlll its slopes. '!'ho last occuned in 1720. E::u-thquakcs 
al'e frequent. in this region, :rncl some suhmarinc ernptio11s hnvc been signalcil 
very recently. 

'l'he earthquake occurre,1 on the 31st August, Hl26, at 10 h. -!O m. G. 1\I. 'l'. 
'J'hc zone affected "·as \"e1·y small, hut the damages in its ccntrnl J)nl't wel'C \"Cl"Y 
impol'taut. It is to ho 1·cmnl'ked that some places on tho island of Pico wel'C 
tho scat of gl'eat damn!?e, though they were vel'y fur from tho ep iecntral zone. 
'l'his is probably due to tho ronstitution of tho soil whirh changes remarkably 
from place to pince in this island much affected by volcanoes i n older times. 

!) 



Da mages i n H orta (a small sca-po l' t toll" n, 7,000 inhabitants) wcl'C mainly 
(lue t o bad const,.uction. The number of houses totally destroyed ll"as not very 
g,.ent, b ut ma ny w cl'e so bad ly cracked t hat thc.v ha d to be demolished (10% 
t o 15% of the total) . Only n ine p erson s were k illed, a ncl nearly 200 wel'e hur t . 

Some rema rks on t he cal'thquake as felt in Fayal ancl Pico follow. Duration : 
P l'e liminar~• t l'cmo 1·s, one 01· tlvo seconds; intensity incl'casing instantly ; total 
d uration 11ot gl'eater t han fh-c or six sceon cl s. D i1·cct ion of initial shock: Sec 
Fig ul'e 7. I n H ol'ta the i nspect ion of the ruins sholl"S the evidence of a 
v iolent shock coming from the' :Ji:~J~; some evidence, too. of vertical motio n. 
Crn ck s on the so il : Only a few, vcl'y s mall, divel'sely d irected. Lancl slides 
frnm t he cliffs borclcring the cast coast of the islancl of Faynl. No chn.nging 
of l e ,·cl, n or cha ngings in the sp l'i ngs. Noise as of a multitude of motor t ars . 
Shock hc:n-il.v felt on boarcl sh ips in hal'hor. Small wa,·es (two feet high) 
v:rn ishecl in a fell" mi nutes. :Xo tsuna mi 1·em:nketl in t he other islands. 

T he s hoc·k "·as frlt also in t he fol loll'ing is l:lnrls : St. Gcol'g<'s ( intensity V), 
Grnciosa ( intens ity TH), ' l'en·ril':1 (inlpnsit~· TU-I V at 10 h. -J.1 m . 51 s. G. M. 'l'.) . 
and San 1'Jig ne l (in tensit.v JI, l'C<·onl h~• i r ilnr s<'ismogrn ph nt Ponta Delgada 
P 10 h. 42 Ill. 00 s .; ::\1 10 h. -13 Ill. '.:!J s.; .I!' 11 h. 04 Ill. 00 s.) . 

VOLCANIC CONDI TIONS IN FEBRU ARY 

A ctivity of H alemaumau 
::\fa n.v slicleR took pl.t<· I' from th,, \\'alls of lra lC'nrnumau ,l u1·ing th,• month. 

'l'he s ulphul' v at<· h on the sonth taluR ('Onti111wd to intt·case in an'a, thou gh 
occas ional toat ings of dust clim111,•!l thC' t·olo l'i ng-. Asiclc from othC'I' slight 
t hanges volcn n it eon,litio ns l'C'mnilll'<l the same. 

An a,·al anchc from llH' tl(ll'thC'ast \\'all of th" pit on l?chn1a ry l fillerl thr ail' 
\\' ith d ust fo t· ahou t half an houl'. Rmall sli,lC's o,·c·u1TN1 011 .fo llo\\'ing <la.vs, and 
one a t 5 :20 p. 111. Fehrua,._,. 5 was rather noisy. On this cla~• a lnrge section of 
t he n ortheast r im "·ns seen to htl\·e fallen in. 

A distaut enl'thquake w:1s faintly r('corrled on Fehrunry 1. Jts preliminary 
wave anivccl nt 7: 36:10 a . m . JTawniian Time. Bigh t v cr~· feeble local earth­
quak es we1·c 1·egisterrcl durinir the first week of F chruary. One of these at 
11 :26 p. m. on t he 2ncl showed a clistanec to or igin of 45 m iles. 

There wel'e eYidcntcs of hig slides in the pit nbou t the miclclle of t h e month. 
l\fuclt 11ew clebl'is lay on the northern talus, ancl cl 11 st <·o,·e,.ec1 th,, lav a floo1·. 011 
the 14th consi<lera!Jlc clnst from sli1lt-s \\'HS sr<'n to rise from t h <• pit, t he lal'gcst 
clou rl be ing a red on,, ahout ~ p. m. 

For t he week e 11Cling Pehruary Hi the c·ount of earthquakes was 12 Iota! ancl 
o ue d ista nt shock. \\'incl squalls hct\\'een ;1 :15 :111<1 7 :30 a . m. on t he 16th 
made t h e instruments in th<• s!'is111ogr:111h tC'llal' ,·ihratl'. 'rhr <l ist.m t ea rt h­
quake was recorclccl on }'ehruan· 15 an<l was lOl':ILl'rl hv t he U . S. Coast an<l 
Geod etic S un·c~· as originating 'at -!;3° north latitude a;Hl 153° east lo ngitucle 
a t 1 :35 :22 Greenwich Time }'chruar~· 16, in the Kurile I slauds, 3,230 m iles from 
llonolul u. 

T ilt fol' this "·eek was ,·er~· slightl.v wcst-nortlrn·est. 
As the mo nt h wore on the sulphur spots grr"· nt the hot1 om of the pit, in­

dicating that lava gas was emerging. Some nois~· slides from the walls occunecl. 
Seis mic conditions were ,·('1·." quil•t at Kil:1u"a fol' the wc>ek ending February 

23. Only eight lorn! earthquakc>s were 1·etorclecl1 ancl six of these tame on the 
21st ancl 22nd. Tilt :1ccumulatecl mocleratch- to the south-soutl111·est. On Fch· 
rua ry 21 t il t hegan to c·hange from southwC:st<.'rl.v to soutll!'nstcl'l,\'. anrl hy t lw 
23rd i t was n ear ly clue <.'ast. \\'ith th<' !'lianie of til t thC'I"<.' was an inr-rea•c in 
t he num ber of earthquakes, a total of 10 ha,·ing been registered on the :?3rc1 
and 24t h . 
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JOURN AL FEBRUARY, 1927 

February 1. Some sli,lcs occuncll :ibout 4 p . 111. At 5 :4ii w hite cl ust rose 
in a thin c·lou<l, beginning :it the northeast corner ancl grndually co,·cr ing the 
whole pit an,1 remaining aboYe it fo r 30 minutes 01· more. 

February 2 . T here was dust o,·er the north corner at 7 :30 a . m. 
F ebruar y 3. Dust i ndicated small anLlanches at the pit several times clur ing 

the day. 
F ebrua r y 5. At 4 p . m. them \\'a s fresh matNial on the nor theast talus. T h e 

sulphur patch on the south talus is g1·o"·ing much larger, ancl t he yellow gl'Cen 
sulphur stain is spreacling 0Yet· the talus. 

'l'he south-southeast wall is hlackenecl by sulphur 0\'Cl' the sulp hur steam. 
Sl ides occlll'rccl from the northeast corner of the pit at 5 :10 and 5 :20, a ncl 

the setoncl \\'flS 11oisy. A large slice is rcportecl to have fnllen from the r im. 
'!'he st eam tratks southwest and west of the l)it arc l)Ut'l'ing strnngly, as 

though water "·err boiling below. 'J'his p uning is Yer.v stro11g, a 1·eal steam 
pressure, in the hot ,·cnts of the Sulphur Bank flat south of the ma in road 
north of J,Ci l:1t1c:i C.:rnte1·. Dors this mean tha t after the "· inter rainy scaso11 
thel'(' is liquid water !>0iling unclcrgrnun!l, and may it be that the ash seepage 
:incl ll'aSh of 1924 has made s uhtcnanean water r eservoirs by scaling t he rock, 
just ns ice on t op of Manna Loa and Mnuna Kea makes a sen! to hold water '? 

Februa r y 6. Some slicks ocrunc-d in the pit on this clay. 
F ebrua r y 8. At 3 to 3 :~0 p. m. there 11':I S a light south ll'ind, a nd t he pit 

\\'HS st ill. 'rhe ~·elloll' stain continues to groll' in a1·ca on t he south talus . A 
frw rocks fr ll on the north\\'CSI and northeast taluses at long intervals . A 
s light s111cll of spi,-~· sulphur was pc-rtc-ptihlt• at the south station. 

F ebruary 9. 'l'h<•t·<• 11':tS a rnmor that firP h:ul been seen in the pi t, b u t a 
v isit to the pit at G p. 111. shull'<·d that there \\':ts nothing ncll'. T he \\'Cathe r 
was wet and fogg,v. 

F eb ruar y 12. At G p. 111. th e hlatk, crater-l ike :\l'c:t in the sulphur patch of 
the south talus appeared a little l:lrger. There was :i 110\1· scar in the middle 
of the w all over t he northeast sill, and ne ,\' debris on the rniclclle talus u nder 
the sill. 

F ebruary 14. Ahout 3 p . m. thrrc ,ms n strong red dust cloud rising from 
1Talc·m:1um:111, :rn<l there w:is clust there at other tinws. 

'J'hc pit wns dsite<l at 6 p. m., and at t he north <·Orner, west of the e nd of 
the llig sill, thrrc 11':ts a prolonged s111:tll :n-:1lanchc falling, making reel <lust 
:11HI :l roar, ll'ith numc1·ous ft-C'sh starts from :ihout mi<l\\'ay u p t he wal l. 

'l'h<' 11orth a n<l nMthll'C'St t:ilusc-s 11·erc to,·en;<l \\'ith fresh r eel debr is, a nd th e 
t·t•<l dust ext,,ndc<l a<·•·oss the- hottom of the pit. 'J'hcre had c,·idcntly hccn some 
hig sl ides. 

F ebruary 16. At 10 n. nt. there wns a stl'Ong south \\' incl. 'l'he p i t wa s \'Ct'." 
dry, nncl pink clust \\':JS hlo\\'ing ft-om the desert 0\'Ct' the whole of K il au cn. 
Rorks were sl iding a little at the north . 'J'he yello11· solfat:Ha was dusty. '!'he 
Ynpot· Yolume was ,·c1·.v thin at :ill the steam patches. 

F ebruary 20. At 3 p . m . the sulphur spots were again increas ing. A fc\\' 
roeks were falling ll'Cst :incl not'th . The pit was \'Cl',v <lry a ncl free f t·om steam. 

F ebruary 23. I n the :1ftcrnoo11 thrrc ll'('l'C somt' 11oisy a,·:i!an('hC's. One \\·:ts 
Jt,,:11·,l from th,, Ohscn·:1to1·~· at !l p . m . 

SEISMOMETRIC RECORD 

~'hrrr ll'Cl'C' •Hi lo,• nl e:nthquakes and h1·0 telC'seisms reconle(l on t he Obscn·a· 
tory seismogrnphs <llll'ing the mon th cnclccl at midnight Fehrnar_y 28, 1927. 
'l'ltC'se :1 nd othN phC'nomcna a rC' 1 istc<1 hclo,L '!'he ti me use cl is H n 11':1 i ian 
Stanclar<l ( time meri<lian is 1:57• 30' 'i\ ' .), whieh is 10 hours allll 30 m inutes 
slo11·C't' t h an GrC'C'llll'ith 'I'imf'. 
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' l'h<' gl'<'atcr numhrl' of thr vr1-y fr<'hl<' loral shorks, romitc>,1 in th<' list, 
n1al«• su d , minute rl•eords tl1:1t thp <·h:11·:1dN of th(• distu1·l,an,·e is not alwavs 
:q1pare 11t. Sonll' :i re trnr earthquakes; othl•,·s :1rl' IH'rh:q1s ll1C• pa1·ts of gre:11·,•r 
amplitudl' of " to ntinuo us or p1·otrndc<l tn•rnor, whith at othl'r ti rn cs may lie 
too feeble to 1·e<·ord; some S<'l'n1 to he rctol'lls of ,·ilirntions sd up hy :1n1lanl'h<'s 
in t l, e pit of ll :1lemau111au . 

A bbreviations USl'd IJclow nrc as follows : vf. ,·r,·~, fr<'hle; f, freblc; s, slight; 
111, moilcrntr; cl, instruml'nts <lismantkd ; fl, felt lotally; 6,.1 indil·ah't1 distante 
in miles. 

Local E arthquakes 
]i\1 hrua1·y 

1 :-i :5.3 n.m. vf. 
2 3 :4.4 a.m. vf. 

7 :0G a .m . vf. 
10 :02 a.m. vf. 
11 :26 p.m. f . 6,. 45 fl. 

3 5 :12 n.m. vf. 
4 12 :48 p .111 . vf. 

(i :08 p.m. vf. 
6 2 :11 a.m. vf. 

1:42 p .111. vf. 
5 :52 p .m. vf. 

!) 1 :40 p .m. Yi. 
1:45 p.m. vf. 

10 11 :48 a.m. vf. 
2 :03 p .111 . vf. 

11 5:19 a.m. vf. 

Teleseisms 
February 1 

cP 7 :36 :10 a. m . 
S ~ 7 :44 :35 a. lll. 
S ? 7 :49:5± a. Ill. 
L 7 :52 :H a. m. 

l:,cbruary 15 
L q 3 :30 :00 p . Ill. 

H armonic Tremor 

7 :08 p .111. vf. 22 6:48 :l.lll. vf. 
]2 10 :02 :1.111. vf. 6:0.Jc p .n1. vf'. 6,.1'.! 

11:45 p .m. vf. '.!:I 11::t, a. Ill . vf. 
14 3 :03 p.111. vf. 7 :33 p .m. d'. 

5 :48 p .m. vf. 8 :38 p .m. vf. 
15 11:1.Jc a.m. vf. !l :32 ]).Ill . vf. 6,.H 

2 :05 p.tn. vf. JO :O:; p.m . vf. 
8:-lii ]).Ill . vf. 10:07 p .m. ,·f. 

]6 :3 :57 a.m. d'. 10 :08 p.m. d. 1::,.:i.; 
17 6 :16 a .m. vf. 2-1 3 :58 p.m. vf. 
18 3 :53 p.m. vf. 5 :05 p.m. vf. 
21 5 :26 p .111 . vf. 5 :09 p.m. vf. 

6 :37 p.m. vf. 26 6:09 p .m. vf. 
6 :50 Jl.111. ,·f. 27 10 :16 p.n1. vf. 
'i :2:J p.nl. ,·f. 28 11:27 :I.Ill. vf. 

Later information gives Solomon Islands as origin. 

Vcrr faint record . 

T his type of mo,·emcnt was not recorded during the month . 

Microseismic M otion 
M icroscisms were stronger than normal on Pehnrn.ry 9, 10, and 11, thereafter 

diminishing to normal by Pehruary 14. On February 16 high "·in(1 was the 
cause of a lmost . continuous irregular tremors \\"ithout, however, haYing the 
effect of increasing the nmplitude of microseisms. 

Tilting of the Ground 
B.v weeks this movement \\·ns ns follows, expressed ns nngulnr chnngc ancl 

direction of motion of tl,e plumb line: 
Janunr.v 26-Fchrunry 2 . .. . . . .. . ....... . 0.6 second SE. 
l:'c:-hrua1·y 3.9 . . . .... .. .. . . ... . .. . ..... . 0.6 second RS\\'. 

'' 10-rn . ............ ... .. .. .. .. LO second '\VS\\·. 
" 17-2:1 .. .... .. . .. . ... . .. . . . ... 0.8 SC'COJI(] SS'\\". 
" '.!-l-:\[a n· h l.. ... . . .. . . .. . . ... . 1.3 seconds E . 

T. A. JAGGAR. 
Yolcanologis t. 
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Figure G. Sketch map of Azores, showing the two nrtiYc zones in the mi<1<1l e 

ellip ses, and the non -seismic islets at each encl of t he gro up . B.,· J. Agos tinho. 
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Figure 7. Sketch map of Fny:i l and P ico, sholl'ing isoscists of the earth ­
qua ke of A ug ust 31, 1!)26. B ,v J. Agostinho. 



l'igurc 8. Da maged stucco bu ilding, H orta, August 31, 1926. Photo Agos­
tiuho. 
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ti n ho. · 

Run l co :'.\fei-t:Hlo :1ftei- t h e ca1· t hqu:1ke, . rn H ort n P l ' · ioto Agos-



Pigu,·e 10. Dnmag<' in Fla111 C'ngos, a . 111:111 Yillag<' -! km. t o the w est o f 
H o1·t:1, wh e re 11·as m:iximum dcstn1ct io n. Pho t o A gostinho. 
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Black spot shows location of Observato1·y. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and correspondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii. 

The Obsen-atory is operated by the U. S. Geological Survey, and its work 
is supplemented by the IIawaiian Volcano Research Association. The main 
station is on the northeast rim of Kilauea Crater. Subordinate seismograph 
stations are operated by tho Research Association under the direction of the 
volcanologist in Kona, Hilo and Hiiea. 

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

The Hawaiian Volcano Research Association founded the Observatory in 
i!lll, trnnsfcning the plant to the Government in 1919, bnt continuing coopera· 
tion in experimental "\\'Ork by furnishing funds and apparatus and workers as 
needed by the GoYernment Volcanologist. It is a corporation uncle•· the laws 
of I:bwaii, go,·ernccl by a board of directors, and financed by the subscriptions 
nf its members and patrons. Its aims are identical "\\·ith those of thr Ohscn·:i· 
tory, namely, (1) To keep rcco1·d of Hawaiian Yolcanism, (2) •ro attract YOl· 
oanologic specialists to Ha,rnii, and (3) To promote world"·ide knowledge of 
,·olcanoes ancl earthquakes and the foundation of more volcano observatories. 
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Drilling wC'lls .'5 lo 20 md<'•·s cl\>t•p in lhP basaltic lams of Rilauea Crate,· 
was begun in Ap1·il, 19:!2. '!'he ll'Ork ll':1s finantcd b,v i lr. ,Tohn Brooks Hender· 
son a ud the ll :1waiia11 Vokano Researd, Associa tio n. '.l'hc tt'mperatures at 20 
meters depth wc,·c 96° C., 65° C. a nd 36° C. in different ])laces. '!' he gr:,dients 
werP errntic. At a lJoring in t he Sulphur Bank on tho upper rim of Kilauea 
the temperatu ,·e was 96° from top to bottom and the hole was chnrgecl w ith 
sulp hurous steam. In a secoml rim bore-hole tho three-meter intervals of depth 
gttve 36°, 39°, 37°, 37°, 37°, 36°. Under the Kila uea floor the temperatures at 
throe-meter inte,·vals of depth were 35°, 45°, 54°, 58°, 65°, 64° and 69°. 

The Kilaue:t Crater floor appa rently showed a graclient, nncl a ll the wells 
wore hot at tln~e meters dt>pth. In l!l26 a now proj ect wns begun, J1aving in 
view boring holes tlncc meters deep nncl 5 rentimetcrs diameter with com· 
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pressed air d ri l l. There hol es ,,.ere located 300 meters a par t at t he corners of 
equilateral t riangles over a sm ve~·ecl net. (Sec Fig . 12.) Every ho le is capped 
with a metal pipe and cover. This p ermits taking t he temperatures of a ll t he 
holes at s tated inten ·a ls and clet ennining isothermal lines fo r the crater floor 
a nd margi ns. T he object of the work i s to pl'OYi cle a mecha nism fo-r t aking 
J'Ock temperatures apart from t he t emperat ur<Js of vapor cr acks. It establishes 
,i method f or d iscovering the t rne temperatu re of vol rano gl'Ou ncl. 

True t empernt ure may differ from nppar ent t emperature owing to d istrib ut ed 
solfataric c rncks wh ich y ielcl hot gases at hig her t emperature t h:m t he average 
temperature of the r ock. Using an nr t ifir ial hole, of standanl s ize a nd depth , 
for a standanl method of exposure of thC'l' lllOlllCte r, ~,iclds c•om parativc d a ta of 
qua ntitative Ya luc. 'With sur h ap pliances t hr ground ma~· h<' t est ed as to effett 
of seasonal air tempern t urc, of un,krgrouncl water, and of p orosit_v, lithology, 
etc. Thus a 1, as is is lnid for repeatecl tem pera t ure lllCasurement in the same 
dis tric t, determining g round i sot h ermals a t clifferent stages of volcanic activity. 
Inciclen t ally, th e h oles ex plo rn su rface ox idation of minerals, gas heating, gas 
composition, and moistu re a ncl uncle 1·ground struct ure, according to t heir depth. 

'rhern hnvo now been d ri lled 34 bo1·<' holes i n a ll, ancl the use of t he air­
hammer drill has been cont inued i n 1927. 'J' empC'ratures appear to b e highes t 
a long t he eastern margin of the fi ll of K ilauea ('rate r, ap:ut from hot solfa taric 
crncks in 01· adjacent t o H alcmaumrrn p it . It is probable t ha t t he wall-crack of 
t.he larger crater, 01· cont a c·t belt bC' tween the l.n·n fill and the pC'rip hernl wall, 
is sufficiently op en tu permit hot gases to ri se fi-0111 grc,Ltcr depths t ha n else­
where. Some of the holes cl r i llccl t h ree n1 C' L('l'S rkrp i n solid l:n-a show so li ttle 
r ise of temperat ure nt t he ir bott oms that it is C'SSC'nt ial to seal them a nd k eep 
t hem free from rain cll'ip in ord er t o measure t he temperature crit ically. Others 
:ire v ery hot , p l'Ob ably bet:Lu~e t hc_v cu t steam crn cks. It i s therefore app arent 
t ha t isother mal lines in pln n arc more l ikc-1,v t o b e g u ided b~- <·raekecl zones 
t han by a ny symmetrical sy stem of tempcrnt mC's in tli'e solid rock. 

T he following exhihit of centigrnd<' tl•mp<'rn t ures in t h e bottom of fh·e holes 
t hree m et ers cl eep i n t he Jani floor of 1 9-! flows , east of the cen ter of Ki lauea 
Crnter, shows the varie ty of t empei·a tures encountered. The holes arc mnn­
bered in a ccordance wit h a sun·ey of points to he drilled, 132 in all on Kilauea 
floor, 300 meters apart, as shown in F ig. 12. 

TEMPERA'l'U RES OF SUMPS ABOl:T THREE )!ETERS D E EP 

N o. A ir H ole Difference 
81 rn· 20 0 + 1 0 

8:{ 22° 23 0 + 1 0 

88 1r,• 17.;;• + 1.5° 
100 20° ~3 0 + 5 0 

101 21° -! 0 + 63 0 

'J'lw t a clcpth of t hreC' meters is \\'ithin t he a tmospheric t emperaLurc cffer t 
was shown by t he following : 

N o. 100 gave OJJe clay a ir 22°, hole 30° 
clo 22°, hole 27° 
,lo 1 °, hole 2-!0 

No. 100 clo rn•, hole 78° 
cl o 25°, holP !l0° 

'rhis hole N o. 101 appc:11·s to cut 11 latcrnl duc t or n :u·k (':t1..-yi 11g hut \':t por. 
Hcacl ing s 11· it.h resistance t hcrnrnmctcr ga,·e: 

At clepth -H r m. sn• 
clo 123 cm. 106° 
do 189 cm. 86° 
do 219 cm. 66° 

Hea c1i11gs with a men· u1·ial t hermometer on another cl:iy ga n· : 
At depth 123 cm. 90° 

clo 219 cm. 90° 
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Thus 011 lhl'eP diff!'l'!'nt cl:tys this hole gave rcacl i ngs near the bot tom of 66°, 
78° a nd !l0°, rcspc<·t iYely, ancl one of these <lays a point half-w:1y ilown was 
a t 106°. 

On two days it gave a rcacling of !l0° 123 cm. down, ancl on one of these 
days the bottom 300 cm. down was at 78°, ancl on the other it was at 90°. 

'J'hcse resul ts agl'ce with observations in cel'tain caverns of the Kilauea 
floor, which sometimes arc only warm, ancl at other times are very hot ancl ful l 
of steam. As the mountain is porous, it is quite possible that changes of air 
pr·cssul"e ancl of wincl clil'cction br ing about these differences. 

Tcmpcl'ature measul'ements of other bore-holes follow*: 

No. Air Hole Difference 
44 21° 21° oo 
4ii 22° 45° 23° 
46 24° 60° 36° 
46:i. 22° 64° 42° 
61 25° 25° o• 
62 24° 24° oo 
63 22° 22° oo 
66 28° 44° 16° 
67 26° 59° 33° 
84 23° 23° oo 

Hole No. 46a, which shows the greatest difference in the above table, is 
unc:ipped and only 1.27 meters deC'p. 'fhe other holes a re capped ancl abou t 
three meters deep. The re:ison No. 46a was not completecl to t he uniform 
clepth is that drills could not be mwle to go clccper; a ncl t herefol'C hole No. 46 
was borecl at a nea r-by point. 

Drilling in Ja,·a rock layel's with parting planes e,·ery few feet necessarily 
encounters Q])enings hctween t he separate Jani. flows. The opening may be a 
steam or ail' ch:imbcr. 'fhc1·cforc the ,el'tical temperature g l'aclient obtainecl by 
mcasm·i ng the bottom tempcratm·e at intervals " ·h.ile t he hole is being clrilled 
is likely to b e quite d ifferent from the grnclient of the finishecl _hole. The 
finish ccl hole permits com·ectional acljustment of t ho vnpors, :rncl also is likely 
to be influencccl by the w inc1 in t he lateral ducts as pointed out above. 

The surveyed 11et \\·ill afford basis .for :i. thermometric survey of t he tem­
peratures of natural floor cracks as well as of the artificial drill holes. It will 
be seen from the aboYe preliminary results that measuring the rock temperature 
of a pile of lava flows is far from s imple. It is evident that the time elemen t 
is important, ancl it will be nccess:u~- to equip some of the holes with self­
rccorcling t hemographs. 

V OLCAN IC CONDITIONS IN MARCH 

A ctivity of H alemaumau 
~' here was little decided change i u eonclitions at the volcano clul'ing t he 

111onU1. Wet "·eather " ·as prc,alent, increasing t he size of Y:ipor clouds, a ncl 
the three yollow sulphur spots on the south talus continued to increase in s ize. 
nfaur slides occunec1 from t he walls. Stripping of the nortlrn·cst wall by slides 
:it the b eginning of t he month sho"·od intense oxidat ion beneath the former 
sul'face. A t this pnrt there "·as cxcessiYe heat anc1 blue sulphurous fume in 
1923 ancl earlier. 

* 'l' hcse mc:isurcme11 ts were made 011 }.[a rch 1, 1928, anc1 :ne l1 cre insC'rtc<l , 
hiking :1ch·:1 ntage of t he fact t h:it publiration of t h is Bulletin is tardy. 
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'l'h<'1·e we,·<' (h·e l ot:il earthquakes and one telC'sC' ism rC'gistc,·e<l during the 
ll'C<'k en<ling March n. All \\'Cl't' vcr.v frchle. '!"he tlistant sho('k \\'aS faintly 
recorded for three-quarters of an hour, beginning at 11 :08 p. 111., a ncl :1ccorcling 
to newspaper 1·epor ts orig inat P<l in ,Japan. 'l'ilt fo1· the week acnunul:tted 
s lightly to the south . 

'!'he ro "·ere 14 Yery feeble earthquakes for th<' next week. One of these 
showed phases i nclira ting its origin to be 20 miles distant. Thel'C we,-c also 
r ecords of b lasts of dynamite used in road construction in t he vic inity of t he 
Yolcano. 

On 1\I:irc·h l!l t herr wcl'C sc,·era l <lusty sliclcs at Jiak mau111:u1, ancl the 1icxt 
cla ,v some l:ll'gc s lides occurrccl from the 11orthcast corner, probably caused by 
the earthquake that Mc·uncd j ust before 5 n. m. clescrihcc1 in thr next pa ragrnph. 

'l'hc large cnrthqunke of )farch 20 was the heaviest that has been reconlcil 
on ll,l\rni i for :l year. It is an intcrC'sting coincidence that a year ago, on 
.March 19, H)26, t here ottunccl at 10:33 p. m. an c•arthquake of like intens it.,· 
a ncl prnctically th<' same charactc r ist its as the one hc1·c describecl. '!'his is 
JH•rhnps 110 mol'C than a mer<' coinc i,lcnt<', _vet it must he 1·emembe,-eil t hnt 
these ,fa tes :ll'C' ve1·y 11e:1r the verna l equi nox. 'J'hc shock as r ecorded nt the 
Observnt.ory hnc1 its initi al mOY(•ment at the inst:111t of one of t he time lJJ·eaks 
on the seismogra m (sec .l<'ig. 14). '.l'his "·ns at 4:52 a . m. 'J'hus un foTtunatcly 
the needles were 11 ot on t he paper to record t he direction of t he first moYcmcnt, 
from which .i t might ha Yc been possib le to deduce t l,e '1ircction to the epi.center. 
'Phe inst rnme11 ts were both <lism:rntlecl after the first few seconds, so t hat the 
v:uious phases of the shock were not retonled. It has t herefo re b een impos­
s ible to estimate clistance to the orig in. Various 1·epor ts show that this enrth ­
qunkc was fr lt \\·ith about equal int<'nsity throughou t the islancls of thl' H:tll'ai­
i:tn grou p. Vague press rl'ports suggc>st that it mn.v ha,·c bce11 rcconlccl ns a 
t'elcseism on some of the seismographs at observator ies on the mainlanc1. '!'his 
may have well been the c:1se, as the shork \\':1S apparently hea,-y ancl clecp· 
seated, in contrast to the usual type of local Yolcanie earthquakes Tecorclccl at 
this station, which arn likely to be felt or recorded only a short distance from 
t heir origins. There "·ns no damage clone bcyoncl the shaking from shelves of 
bottles and small merrh:rndise in one or two of the stores in Ililo. 

Sixteen .other earthquakes occurrecl cluring the week ending March 23, all 
vcr? feeble. 'I'ilt accumulated slightly to the southeast. 

On )larnh 26 the crnck on the southeast side of the pit, about 70 feet hnck 
of t he r.im, was noticed to he quite free from steam. }'ormcrly steam was so 
ahundnnt ns to he disagreeable to persons using the trail which crosses t ho 
c1·ack . This change woulcl seem to indicate that internal lava pressure has 
ra ised the grent block on t he pit side a nll clos<'<l the crnck to some extent. 

For the week ending l farch 30 t\\'ent_v-t"·o local ear thquakes \\'Cre registerccl . 
'J'hesc were all very feeble, impNrq>tible shocks. 'J'hc> rc were also t\\'O pel'ioc1s 
of nlmost con ti nuous tremor rc>sC'mhling the harmonic tremor \\'hich accompa11ic•s 
laY:1 ernptions. 'l'ilt acc umulated moderate!:, to the south -south\\'cst. 

JOURNAL MARCH, 1927 

March 1. At 4 p . 111. Halemaumau showed l1C\\' reddening of the "-hol<' 
11o rth\\'cst \\':tll \\'here a large shell of wall has f allen, canyi11g :l\\'HY the bcnc·h 
(or pa rt of it) that extenclecl from the top of t ho northeast sill w c>st\\'anl. Sc>w 
red debris ln:, below. The \\'hole wall is reel west of t h is point, showing thnt 
small falls ha ,·c> stripped it, rcYenling intense oxidation beneath, whNc the 
fume was in 1!)23. 

'!'here 1111\'c been big falls. for the \\·hole floor across the south \\':111 wns rc><l 
with dust; also the middle tnlus of the nortlwast wall has fresh debris. 

Yellowing of the south solfntnras conti11ucs. 
March 6. At 11 a. m. ll:1]('111aumau had densr purling steam jets from the 

south"'est t:Jlus and clsr,l'IH' r<'. Yellow sulphur persists at the sulphu r spots. 

]8 



• 

Fig. 11. October 30, 10:?J. R a lcmaumnu pi t from the Obscn·a torr, showing 
condensa t ion of ntmosphcl"ic moisture o,·c1· the pit. due t o co1n-cction. P hoto 
}'inch . 
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Fig. 13 . .Apr il 6, 1926. Compresso r, a ir ch ill, uncl spec ial tripod set up at 
)1olc Xo. 90, c"st·tcntr:i l flool' of Kilauc;i Crntc r . Sho\\'S mcthocl of clrilling shal ­
low holes fo r measuring temperature. (See 13ullcti n :i\[:uch, 1026, p . 15.) Photo 
Finch. 
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One eonsidcrahlC' avalnnrh<' t<'ll from the micldlc of the north wall. 'l'hNC 
wNe othC'r small falls. 

Mar ch 9. At 1 :50 p . 111 . thNe was a noisy sl icle on the no,·thwC'st s iil<' of 
the pit, making dust. This ,ms h!'ard from Uwekahuna B luff. 

Mar ch 19. Numerous d usty sl ides occurr<'cl cluring the nfternoon. 
March 20. At 10 a . m. there were evidences of la rgo slides nt the no,·thenst 

corner of Halcmnumau, ancl there are a dditional big bowlders on the bottom. 
\ Vhite cleposits arc on t he northwest tlebris slope, and fresh sl ides have occuned 
there. 

Ma rch 22. At 4 p. rn . slides were falling nt t he middle of t ho northeast sill. 
Ko other cha nges were notccl. 

March 26. At 10 a. m. the northcnst t:llus llPl)<':Hecl elongate<l dow,nrnrd out 
onto the floo r, anrl llew big bowldcl"S lie bosiclo the big one that made a trntk 
down t he north-northeast tnlus some mon ths ago. Nor th of the cast sta tion 
t her<' is a hig notch ill the upper ri m t hat appears fresh. 'J'h is break in lhc 
ri m is where a Jot of tange ntial cracks, extendi ng southwnrd, emerge into t he 
pit . The points of t he sla hs h:n-e been c,n-ing. 

Ma rch 27. At 10 n. m. conditions at the pit wore much as befo1·e, hut the 
<·rncks at tho south N1st tourist stand, near t he eclge of the pit, arc so cool that 
110 steam shows, and one can hold h is hnncl in them. The wi ncl is sout heHst. 
This developmen t is 11ot sudden: it has been growing doubtless. Perhaps the 
cracks arc hotter \\"ith a northeast wind. 

March 30. At 11 a . m. the cracks at the sou theast trail were still t he same, 
nowhere near the temperature they "·ere in January, 1925 (169° P.). 'J'hcy 
st'<'n1 about ] 05° P . Th<'rc is no visible vap01· at tho trnil erossing. 

Some sli<les occu1-rt•<l northeast :111<1 north . There is new n'cl clci,ris under 
1 h<• 1101·t h corn!'r. 

'!'he three sulphur spots, 200 feet up the center of the south talus, 200 fret, 
up the cast side of t he south talus, and near the bottom of t he cast side of 
the south tal us, are becoming alike in size, all big aucl yellow, in spite of much 
recent 1·ai n. The lower one mak<'s blue fume with the abundan t steam rising 
from it . 'l.'he other t\\·o make soft white steam. There is no blue fume no"" 
at the center one, though a year ago, before the yellow sulph u r appea red there, 
much hlue fume wns t here. Appnrcntly blue fume is not the sulphur maker. 

SEISMOMETRIC RE CORD 

'J'herc WC'l"C 63 local cnrthqunkcs nncl one tclescism 1·cconl cd on the Ohscn·n­
tory sc ismogrnphs during the month ended at midnight March 31, Hl27. 'J'hesc 
nncl other phenomena arc listed below. 'l.'he time used is Hawai ian Stanclanl 
(time 111eridh1n is 157° 30' W.), which is 10 hours and 30 minutes slower than 
Greell\,·ich Time. 

'J'hc greater numher of the ,cry feeble local shocks, counted in the list, 
mnko such minute records thnt the character of the clisturhancc is not ahrnvs 
appnrent. Some arc trne earthquakes; others nre perhaps t he parts of g 1·eat.<'1· 
amplitude of a continuous or protracted tremor, wh ich at other times 111:-1)' he 
too feeble to record; some seem to be recorcls of dbrations set up by aYalanchcs 
in t he p it of Halemaumau. · 

Du1·ing th is month road construction has been in progress within a fc"· miles 
of t he Obsen ·ator~·- 'l.'hc blasting clone during this work has addecl still another 
cause for very feeble tremors which appear on the scismogr:1ms. Such small 
,tremors as were known to haYe been caused by blasts have not been tabulated 
below as earthquakes. It is probable, howeYer, that a fen· of t he tabulated 
tremors arc clue to this cnuse when the blasts wore not notecl ancl definite 
correlation dctenninctl . 

Abbrc,7 iations used below arc as follows : yf, Yer.v feeble;£, feeble; s, slight; 
m, moderate; rl, instrnments clismnntled; fl, fe lt locally; 6., inclirntccl distance 
in miles; ·•, continuous tremor. 

]!) 



Local E arthc1uakes 
~l:11·,·h 

I )2 :-1:1 a . Ill . Yf. 17 )2 :31 p .111. yf. 2.J 10 :24 ,1.111 . vf. 
+ 8 :31 a.111 . vf. 4 :('.3 p.m. vf. 11:15 a.111 . vf. 
5 7:15 a .Ill. Yf. 8 :33 p.m. vf. 26 11 :38 a .m. vf. 

4 :35 Jl.lll . Yf. 11 :23 Jl.lll. Yf. ) 2 :05 p.m. vf. 
6 11 :0 p .m. vf. 11:25 l). lll. yf_ )2 :11 p.m. vf. 
8 9 :18 a.m. vf. 11:29 p.nl. yf_ 1:19 p .m. ,f. 

9:3'.l a.Ill. Yf. ]!) 10:2!l a.m . vf. 1 :27-1 :.J.8 p .m. Yf. ,r.. 

!l fl :00 a .111. vf. 11 :58 p.m. ,·f . 28 5:31 a .m. ,·f. 
1 :10 p .111. Yf. 20 4 :52 a.m. 111 . fl. 11. 6 :24 a .m.Yf. 
l:.J.0 p .lll. \"f'. 21 7 :36 '1.111. Yf. 9 :01-9 :.J.;l. '1.111. Yf. * 
1:46 Jl.lll. Yf. .J.:00 jl.1\1. Yf. )0:1!) [I.Ill. Yf. 

10 :3 :27 p .111. Yf. 22 4 :06 p .lll. Yf. 10 :50 a .Ill . Yf. 
5 :41 p .m. ,f. :3 :12 p.m. Yf. 1:52 p .m. ,f. 

11 11:1:3 a.m. Yf. 5 :15 p .m. Yf. 2 :06 Jl. 111. Yf. 
12 5 :li> a .m. vf. 8 :31 p.m. vf. 29 !l:2:3 :un. vf. 

9 :27 a .111. vf. 9 :16 p.m. vf. 4:16 p .m. vf. 
8 :50 p .m. f . ,620 24 2:00 a .Ill. Yf. 30 9 :10 ,un.Yf. 

) 3 8 :15 a .m. vf. 9 :29 a.m. vf. 2:22 p.m. vf. 
15 3 :28 p .m. Yf. 11:29 a .m. Yf. 31 4:18 a .m. Yf. 

7:36 p .m. vf. 11 :31 ll.lll. Yf. 11:29 a.m. vf. 
1(j 12:W a .m. vf. 11:42 a .n1. vf. 8:52 p.m.vf. 

6 
Teleseism 

11arch 
p 11 :08 p.m. 
S ? 11:18:20 p.m. 
L 11:25 p .m. 

Fcchle record, no distllncc esti mate mlldc. Prob­
a.bly is the same shock as that described by 
the· press in the Tajimll region, Japan. 

1[ 11 :28 p .m. 

Harmonic Tremor 
'l'i-ue harmonic tremor, suth as is usually associated with YOitanir. act i,·ity, 

was pcrhnps absent during the month. The two spells of continuous tremor 
which occurrecl on l\[arch ~6 and 2 , as noted in th<> tabulation abo,·e, hacl all 
the appearance of th<.' trne harmonic tremor excl'pt that thNe was at the time 
no volcanic acti\·ity to whirh they might lw tonsidered an accomp:rniment. 

Microseismic Motion 
l\licroscisms Wet"<.' slightly stronger than normal on 1farch 29. 

Tilting of the Ground 
By weeks this mov<.'111 <.' nt was :is follows, expressed as angulnr ch:rnge :111<1 

clil"!•etion of motion of the plumb line : 
Fch ruary 2!-:March 1. ... . . ...... . . .... 1.3 
1[nreh 2-8 ........ . . . . ..... . . . .. .. . . .. 1 .0 

'' 9-15 . . ..... . ... ... . . . .. . ....... .0.2 
16-22 . . . . .... . . . . . . . ...... .. .... 0.6 
23-2!l .... . .... . .... .. . ..... . .... 1.8 

" 30-. .\ p1·il 5 .... ... . ....... . .. .. .. l..J. 

:?O 

scco11 cls E . 
second SSW. 
second SW. 
second SW. 
seconds s,~-­
sccond~ Si'\'. 

T. A. JAGGAR, 
Volcnnologist. 
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KILAUEA 

L•9cnd 
Oo,,•rnrncnJ Rood 

Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Paci.fie volcanic and 
seism ic events, and correspondence should be addressecl HAWAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii. 

'l'he Observatory is operated by the U. S. Geological Survey, and its work 
is supplemented by the Hawaiian Volcano Research Association. The main 
station is on the northeast rim of Kilauea Crater. Subordinate seismograph 
stations arc operated by the Research Association under the clirectiou of the 
volcanologist in Kona, Hilo aud Hiiea. 

'£he Kilauea station operates horizontal pendulums of the Bosch-Omori type 
and receives time by wireless from the Honolulu Naval Station. Obscrvato1·y 
Lat. 19° 25' 54.3" N. ; Long. 155° 15' 39.6" W.; Elevation cellar J 214.6 meters 
(3985 feet). The Hilo, Hilea and K ona stations operate horizontal pendulums. 
Their seismograms are sent to the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
1911, transferring U,e plant to the Government in 1919, but continuing coopera­
tion in experimental work by furnishing funds ancl apparatus ancl workers as 
needed by the GoYernment Volcanologist. It is a corporation uncle• the Jaws 
of Hawaii, goYerned by a boanl of directors, and financed by the subscriptions 
of its members and patrons. Its aims are i clentical with those of the Observa­
tory, namely, (1) To keep record of Haw·aiian volcanism, (2 ) To attract vol­
eanologie specialists to Hawaii, ancl (3) To promote ·worldwide knowledge of 
volcanoes and earthquakes and the foundation of more volcano observatories. 
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The Geographical Opportunity 
Kational Parks ha,-e become cl'eatious of government in ma ny coun t ries, 

and thei1· use by t he people is primarily fol' stucl_ying na tul'c and l'ecreation i n 
the wilds. Accol'clingl~', men of scie11 ce are taking an inncasing intCl'CSt in 
these sanctuaries of wild life a nd of human a n tiquities. Being national, they 
ha\'e the arlvantagc of pcl'manency. Museums have developed in these places, 
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jn onler to preserYc fodoors specimens of thl>se things "·hich aclmit of collection 
and exhibition, and even outtloors there is lH•ing dcn:lopcd in Amel'itan Nationnl 
l'arks what nrc <-ailed "trailside museums," so that travelNs u11der to 111pcte11t 
guid:111e:e rna.v he sho,rn, whi le t hey arc walking 01· riding to plates of inte,·est, 
the bfrcls nnd flowci-s and mincrnls and fossils that :ue chnractc1·istic of those 
woncle1·ful plnces. 'fhereforc, the purpose of Xational Pad, museums is to ex­
tend both education and rec-reation in the scn·icc of large numbers of travelers, 
and when it tomes to rcscnrch or inYe tigation of t he womlers in question, 
whnt l1as hitherto b een done has been the work of scjentifie bureaus of t he 
government or prinite i-esearch establishments. 

My interest in this subject is limited to m~- own field of geolog·y. Much 
might be told you of the opportunity the Xational Pnrks present for the stucly 
of other branches of 1iatural history. )loreo,·er, there arc m:111y divisions of 
geology, but I am intcrnstccl in an opportunity which our parks now have that is 
not being fostered as it should be. It so happens that at Kilauea. we lta.,·c 
been dclYing into one of the most elementary topics of geology; namely, the 
recording from year to ycn 1· of the changes in the life of the earth, considering 
the globe as a living bcillg. In Ilawaii there is a rare opportunity for this, 
because the volcanoes here a.re continually breathing with the earth, and also 
forming new skin on the sm-face of the earth when the mighty lava flows pour 
forth. It seemed worth while 25 years ago. when 30,000 people were suddenly 
killed by the volcanoes Pelee :mcl Soufriere in the \Yest Inclies, to fincl out what 
hnppcnecl during the months ::rnd years preceding such a catastrophy, in order 
to lcnn1 whether the ear th, ljke any other li·.-ing being. docs not exhibit 
symptoms of the coming trouble. 

It is t he purpose of the Hn.waii:rn Volcano 01,-erv:i;ory t o study just such 
symptoms, and the results of 15 yenrs of work h•'r,• ban, den'lo pecl increasing 
cnthnsiasm in t he workers, for they ha,·c learned of tides and cycles, of tremo1·, 
temperature change, rising and falling of the g round. tilting of the grouml, 
earthquakes, and outpourings of lava, which are all rel:aed to each other and 
to t he lh-c movements of the crust of the earth. It i-. thi-- ot>sen·atory method 
which seems to me lacking among possible researche'- ;bat ean he extended in 
geology, so as to include such processes as the lifting-up o :: the mountains, the 
breaking-clown of the lancls under the action of the wez-her. and the settling 
of t he rubbish in hollows, which geologists call sedimentation. There nre no 
places on the face of the earth so fertile in possibilitie- for thi, kin,l of study 
:is the Na.tionnl Parks. 

'l'hc application of the obsen·atory methocl to earth pr~e-- • promises ex­
ceptionally good results in the National Parks of the 1:-ni.ed ,-ate- be.-nuse of 
the great variety of natural laboratories scatterecl from the an-ic ;o :he tropics. 
In M:om1t :Mc'Irinley Kational P,uk there is the highest moun.ain :c:.,a,-s in 
North America, standing at the encl of a. graclecl series of mounain- rhi,·h ex­
tends in a marYelous, smoothly curved line out to little ..-olnnie i -1 - in the 
A leutian chain. Along that line lies Katmai National :Yonumen-, - ne o:' one 
of the biggest and most extra.ordinary volcanic emptions of •hi- cen:ury. At 
R ainier National Park there is a combination of a warm ..-okano :and mi!!b,..­
glacicrs. At Glacier Xational Park there nrc wonderful o,·er,hru.,,- .'.an--, more 
glaciers, and a typ ieal development of Rocky iiouutain uplift. .;_\- Crater Lake 
an cl Lassen Nationnl Parks there are cont inentnl ,·olc:rnoes •.ill partially aeth·e. 
typica\ of many score such cones t hat extend the length of th<- C - c R31!.!!<' 
and of the Andes. In the Yellowstone there is the greare;;: ~ey- r --rie; of 
the "·oriel, a.cljaccnt to an earthqunke clisti-ict in ~Iontana which .-a5 rttec· ly 
in motion. At Hot Sp1·ings Kational Pni·k there is :i develop-er.- f ho; 
waters in the midst of a region remote ft-om the big mount:i~. c • by :he 
n1st accumulations of sediment of the ~Iississippi flood plain. and pc.-- ly in 
some way connected "·ith the scene of the huge enrthquake tba· - -,~ the 
:Mississippi Yalle~- in 1 11. Lastl.v, there is JT:11rnii Xation:il P:ul:.. ..-here 
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al reacly research by the observatory method has begun, and where observation 
of the nrnking of new rock is in progress. We treat the earth as though it 
were a mighty engineer constructing new lands just as ou r human engineers 
construct hreakwatcrs and clams and concrete roacls. And if you can i magine 
a sricntifit mongoose, along t he road between here a nd H ilo, establishing an 
experimrnt station to find out why his habitat is invnclecl hy floods of new 
concrete nnd stone, and then setting up measurements in order to discover 
where the conc rete tomes from and how it gets there, you wi ll have a n apt 
picture of tho little volcauologists seated on t he flank of :M:auna L oa volcano. 

There is thus a geographical opportunity elsell"here unequaled which tho 
National Par ks offer for the study of mountain erosion, of shore lines a·nc1 sea 
bottoms, of rivers ancl glaciers, of uplift and shifting of t ho lands at times of 
earthqunke, a11Cl of outpomings of slag from the inside of the earth to make 
11cw lauds such ns ll"ere created in great volume i n the primitive cl:iys of the 
globe, when it wns trusting OYer and ("Ongenling from an enrlier hall of fire. 

'!'he prnpos<'d ohscrvato,·ic>s g1"C1up thc>mselvcs na turnlly into four c-ategories, 
those eonccrne!l, rcspeeti,·ely, with (1) the mak i ng of ncw rod, , (2) the uplifL 
of the Janel, (3) the rotting of the mou11tains, and (4) the settling of t he 
1·ubbish. 

The Making of New Rock 
'J'hc national r c~crvat ions suitahlc ior ohsc>n·atories of this prn<'ess arc 

primarily Hawaii , Katmni, Lassen, :incl the Yc>llowstone. In Hawaii, L assen, 
and Katrnai new la,·a has appeared within the last 15 yenrs. In Hawaii i t has 
come forth at a dozen times ancl placcs. At L assen in 1915 it appeared only 
as a sluggish paste rising like hot iron in the summit cr;1tcr. At Katmai i t 
appeared similarly as crackN1 domes of ,cry siliceous slag i nside the crater. 
About two hun<lre<l years ago the Lassen countr.1• produced a lava flow of 
("]i nker quite like what the Hawaiians ca ll aa. These outpour ings, whethcr 
liquid or pastc, arc> ncrompanied h.r burning gas, nncl th<' study of this gas is 
prct ious for geoph~'sics, hcc,1uso it shows us thc c·hemical composition of t h<1 
inside of the cni·th. If the sped.-uscopc is appliccl t o these ou tgivings of t he 
ca rth, it will he possible to make <lirect comparison of tho chem istry of t he 
inside of the earth wit h the chemistrv of t he sun. Another kind of rock was 
made hy all these Yolcanoes when t·hc~• threll" up sancl ancl gr:wcl :rncl a sh 
which accumulated in layc1·s a nd valley fillings that some clay will h e com• 
pressed and hnrclc>n C'Cl i11to such rocks as geologists call agglome1·ates a nd t uffs . 
Alrea!ly the Geologiral Sur vey is at work establishing observato ries at these 
pl:tN'S, a11<1 the signi fic:1nt results of thc work to elate are <-oncc rnccl with 
111iHostopie movements of the lnncl unsuspec·tecl when the work was hc>gun. 

"\Ve hnvc lcn rnecl in H all"aii that Kilauca 1·i sc>s ancl falls by sevnal feet. in 
the c-oursc of 15 ~' cars, CYC11 :it the so licl ground outside of the c1·atcr wherr 
t he Volcano Housr is huilt. ,vc haYc learner] that whenever the gushing Java. 
returns to the pit, the Ohscrvator_v ground, t\\·o miles a\\"ay, starts a con­
t inuous trembling. "\Ve haYe learned th:it when cracks open near t he pit a nd 
sulphurnus gas comes out, these cracks grnw hotter nncl hotter until t he reel-hot 
la,·a appears. Ancl lastly, we have. fom1cl out that a sensitive pend ulum shows 
a tilting of the grouud awa)· from the center of the island when t he lava is 
rising, even before it nppears as an eruption. Ancl when the l:iva :ifter an 
crnption goes dow11, the grounrl tilts eno rmously to\\"anl the center wher e it 
is retreating. Along with all this earthquakes occur, and we are coming to th ink 
t hat much of vo lcanism i s an unde1·ground process, "·ith much more of th is lava 
flowing into cracks and cr ev ices deep in the under-earth than ever appears at 
t he surface. 'J'his seems a connecting link beb,·een volcanism a nd such J)l"Ocess 
as happened in California wheri the b ig ea rthquakes occurred at San Francisco 
and Santa Barham. This leads us d irectly to the second of t he processes that 
ought to be observed with more observatories. 
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The U plift of the Land 
'l'hcl'C arc vague generalities al>out "tectonic" forces that geologists rcfor 

_to when mount:iin-making is t he topic, but t hey clo not go ancl dwell in a tunnel 
inside the Rockies and set up instruments that they stay with for a l ifetime. 
Yet is not t he OS(•i llation of 1\fount 1\IcKi11lcy or Pikes Peak a n in<lex of the 
heartbeats of a tont incnt~ If th!' continent lifts, the st11·face tilts; if t he 
continent shifts, the surface trembles; if la,·:t rises, the waters heat; and it' 
a ll these t hings arc i n progress, then our peak is h igher and cl'ookcd at the 
end of five years. And all these things can he measured. 

The Great Northern Railway is building t he longest t unnel i n America 
through the middle of the Cascade Range in Washington, between two of the 
g reatest volcanoes in the United States, Rainier and Bake!'. It will be 7.78 
miles 1011g, H will pass 2,000 feet underneath the top of the range, and it will 
cost over $12,000,000. Pl'csiclent Ralph Buclcl has askccl the Volcanologic Sec­
tion of the government to <ll'aw estim ates for <lctnils of opel':1tiou of an under­
grnu nd observatory acljacPnt to this tunnc- 1. 'J'hesc have bce11 f ul'n ishcd, and 
prnpose t hat a. staff of physicists and co n1 putrrs shnll ])Cl'111:1ncutly li,·c near 
the tunnel, that a s ide passage shal l he extavatcil lc>ading to a large unde1·­
gl'ou nd laboratory clectl'ically ventil:1ted, heated, ancl lighted, and that the best 
instrnmcn ts obtainable shall he installed for the study of level changes, earth­
quakes, tremors, underground temperature changes, ca1·th tides and gravity 
changes, a nd cn r th cunen ts. :More than all, such a station shoulcl become an 
institute of standards for such wol'k . . 

It is such stations ns th is t hat t he National Parks arc fitted for. There 
is Rainier Park, close by this place a ncl i n t he Cascade Range. 011 the other 
side of Rainier, at L assen Park, :Mr. :Pinch, formerly of the Kilauea Observa­
tory, is now l'unning his little seismograph station 'in the s110\\·s of Lassen 
Volcano. But there is uecdccl for t he stu cl.v of the uplift o.f the Alaskan Range, 
or t he Cascades, 01· the lfockic>s, the estnhl ishment by g-0Y!'rnmcnt of a nc\\· 
type of experiment. station, a mountain ohsen·atOI',\', not fol' forcst. fil'es 01· 
wcaLhcl' or stal's 0I' 8unshine, hut literall.v for tho " natural histOl',1'" of 
mountains. 

Rivers flow off, lan<lsliclcs fall, spl'ings heal or t'hill, and the eal'lh shakes 
or tilts, accol'Cling as the mountains lift or lower. Considering the numbers of 
people who dwell i n the hills, or flock to the hills, surely science should lift 
up lier eyes unto the bills, that help may come to mankind. 

The Rotting of the Mountains 
1\fountains m·c suggcsterl fol' geophysienl work bc-rausc the prntesse~ thern 

m·e fast. 'l'hc hcav.ing up of the 1\Iount St. l~lias lfangc in Alaska in 1899 
was so fast in Scptemhei· t hat the tremendous enl'thquake motions of Yakuta t 
Bay sbovccl up the solid r ock shoreline 47 feet, whel'C t.hc H animan expedition 
had made photographs the previous spring . This wns measurccl fact, not 
guess11·ork. 

Herein li es the 1·omauce of Science for Alaska, tho islands of the west all 
unexplored, the tremendous glaciers making in places a real glacial per iod, the 
eternally frozen gl'ouud, the gigantic crnptio11s of the Valley of Ten Thousand 
Smokes, the rifted and shattered f,ior<ls of the southeast, and t he earthquake 
messages that come out of the Yasty deeps off the coast, described by tho Coast 
Survey seismologist recently in the following words : "In the deeps off the 
Aleutian Islands we find the Ol'igins of vrobably more world-shaking earthquakes 
than in any other part of the world.'' 

But t his uplifting means another thing; namely, that t he tops and sides of 
tho mountains are rotting clown all the time, falling by m illions of tons, sliding­
to the oceans, being scoured by the glacicl's, being washed ou t nncl crnmhlcd 
by the rains and sno\\·s ancl hot springs. The insicle of the Alaskan mouu­
tains is hot, it is full of clissoh·ing waters, a chemical laboratory. 
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And not only Alaska; "·ord has just come from Queensla nd that whole fanns 
ha,vc been sliding in many acres, with washouts and cracks and slips in the 
Nambour district. Fissures and creepings are reported everywhere. Whole 
banana fielc1s haYc moYed, "·ith sudden rumblings, and hillsides have come 
<lown, tipping up the houses, and a mile of roach,·ay is 1·eported ent irely gon e. 
A ll of this happened J anuai·~· 26, th ree months ago. 

I n this the National Parks can supply other wo1·k for our mountain obscrva• 
tory to do . Science must get stanclar<1s for measurement of such processes as 
t his rotting and sl ic1ing of the hills. At the time of the Ka,tmai convulsion, 
call it what you will, one of the t r emendous things that the e ruption turnecl 
loose was n. fl.owing of the land, tho Mageik landslide, which broke down a 
mountainside and covered a great acreage of country. These things arc sudden 
accelerations of otherwise slow processes. But not too slow to measure. Herc 
in Hawaii we had the same th ing, the '' mucl flow' ' at P aha la, 20 miles from 
t his Volcano House, in 1868. 

W hat is needed is the study of strategic places, w ith stakes and soil bo1·ings 
ancl surveyed tueasurements, and a working out of how fast the l'Ock clecays, 
h O\v fast the water unclennines, how fast the soil slips, a nd h ow fast and where 
do the 1·ive1·s combine to carry off t he pl'Oducts. 

The Settling of the Rubbish 
Most people think of the ~[ississippi or the Amazon as a lot of water 

flowing c1own h ill. In fact it is nothing of the sort. It is chiefly a lot of 
mountain rubbish preventing the water from flowing down hill. Evel'y time 
you reacl of an awful flood in India or China drowning hundrec1s of t housands 
of children of men, some of this prc,·enting is being c1onc. 

A Tiver basin is a place that is not understood. Engineers spe nc1 millions 
to prevent the preYJ3nting. Ther try to keep naYigation open-which the moun• 
tain r ubbish is preYenting. They try to keep the water out of the towns and 
in the channel-which the mountain rnbbish is prc,·enting. They try to make 
b ridges stand up the way the raihrny people clicl at Hilo a few years ago­
w h ich the mountain rubbish under the bridge p iers prevented, by gently flow­
in g into the bay . 

1\11'. J ohn R. Freeman in 19~2 proposed to Congress the establishment of a 
National H ydraul ic Laboratory, fot· the conduct of 1·csearch, experiments, aml 
i:eientifir studie in eonneetion with the problems of ri ver hydrnulics; for this 
he asked $200,000. Iu the hearing he macle the following preg11:1nt statement: 

'' The greater part of our recent program i n science anc1 in the arts has 
been mnde 1,y taking problems from outdoors into the laboratory, then coming 
b nck out of doors with the result, alHl wol'king the theoretical a ncl t he practical 
s ide by sil1c. " 

1\fr. Freeman presented dra"·ings illustrating the laborntoi·,v, quotec1 the 
Dresden Hi,·et· trnining labol'atory and the hydrnnlic lahon1tories of the u ni,·er· 
sities, nncl came to the• eonelusion t ha t there ought. to be a big national lal:iora· 
tory right nt ·wnshington on the Potomac. The design was the product of' 
ten ye:ns' work. 

The pl'OjC'<· t wns opposec1 b~· the U. S. Arrn~· 'Engineers anc1 the Mississippi 
Hi,·e r Commission, and Congl'Css turned it down. 'l'h<' nrgurncnt of t he :Missis• 
sippi Comm ission ,ms that " the ri,·er is so gignntic in nil its clements that a 
prndicablc model w ould b e too s m: 111 to clupliente the r egirnen of the river. " 
'J'hc Commission has kept scientific lllC'II on thC' riYe1· for 43 ~-e:11·s in "nature's 
own laborntor.v, the ri,·er itself . '' 

W hat t he National Pnrk~ roulcl clo i11 stucl,ving the grC'at p rocess of sedi· 
menta,tio11, \\·hich affects 70 millions of peop le in t he :Mississippi Valley alo11 C', 
,rnuld be to romL,ine the physicHI studies of the mountain obserYato r.,· with 
geophysir nl studies at R iver Obscn·ntm·ies in those 1,:1rks which a1·c• suitable. 
Ne it her t he riYc1· engineers nor the phy~ieist cxp crirn cntel'S in h,\"C1l'ostaties can 
s:1y the last wOl'cl o n riYers. 
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Rivers arc not all watc l'. 'fhey arc repositories of mountain r ubbish, fillings, 
plains, slime flats from nature ' s stamp-n1il l, ancl they neccl the experimental 
geologist. All the limestones, slates, sanclstones, oil shales, and conglomerntes 
of geology J1ave hecn built by rivers that flowed into l\[eclitenanean seas. 'fh e 
great lack of sound kno\\'ledge today is the lack of measurement of quantities, 
coarsenesses, materia ls, al'eas, bulks moved over river basins after t he .streams 
get the stuff that is upliftccl, 1·otting, a ncl creeping i n the hills. This measure­
ment should be clone for pul'e science alone, not for t he engineers. Only so 
can the n atural history of our continent be Jearnecl. 

In conclusion, then, I woulcl submit particularly to the Pacific special ist s 
of this Conference on Reclamation ancl Education, the splendid opportunity that 
the permanent Xational Parks have for permanent obsen·atories of geological 
process. 

And to the Park Service of the Unitccl States I \\·ould recommend specifically 
t hat a physical geologist be attached to the service to coordinate plans for a 
Geophysical Obscn·atory system in the parks, a system of experiment stations 
for study of all the eal'th laws by means of resident scientists, not mapping 
ancient formation s, but measuring month to mont h t he building of volcanoes 
ancl mountains, the b l'cakclo\\"n of the hills to make soils a nd sea-bottoms, 
the making of 1·ock, t he uplift of the land, the r otting of hills and the settli ng 
of the rnbbish. 

VOLCANIC CONDITIONS IN APRIL 

Activity of H alemaumau 
'.l'hcl'e \l'Cl'e nn ,,is iblt• indications clul'ing t he month of an,\' changC' in the 

magma thnt unclc·l'lies the volcano. 1'hc usual activity of slicks ancl aYalanches, 
steaming, fol'mat ion of sulphm spots, :incl minute quaking of the gl'ound took 
pl:1ce. 

For t.he \\·eek enc1ing April 6 the number of earthquakes was 16. All were 
very feeble local shocks with the possible exce1>tion of one which occurred at 
8 :44 a. 111 . Apl'il 1, which may be part of a faint record of a distant disturbance. 
'.l'ilt accumulated moderately to the southwest. 

On Apl'il 10 slides \\·cre heard from t he northeast wa ll of the pit. At 5 :15 
p . rn. d ust from an ava la1iche was seen to rise. A slight tremol' registered on 
the se ismographs seemed to be simultaneous \Yit.h this ,walanche. ThC' sulphUI' 
:rnd sa lts so conspicuous on the sou th ancl cast tal uses were dimmC'd hy heaYy 
rains. 

There were 17 very feeble local ea r thqualrns rccorclecl during the week 
e nding Aprjl 13. Tilt \\'as very slight to the east. 

On April 20 t hcl'e was new clchl'iS on several taluses, a nd a lnmp of reel rock 
at the core of t he west boss hacl fallen away. Small slides ll"crc still occuning 
thel'e a t 11 a. Ill. 

During the ll"eek endi ng April 20 the earthqun kes 1rnmbered 14. Xone of 
these wns perceptible. Tilt was slightly south-southwest. 

A noisy rock sl ide on the northll"est side of the pit was henrcl at 8 :4:3 n. m . 
April 27. 'rhere 11·erc also other slides, including one at 10 a . m. April 30 nt 
the nol'th corner which made dust ancl which left a large seal' on the nol'th wnl l. 

N ineteen vc1·~· feeble local eal'thquakes were registC'l'e<l fol' the week c1Hl iug 
Ap1·i l 27. 'J'ilt accumulated moclen1tcl_v cnst-northeast. On Apri l 30

1 
2 :33 p. m., 

t herc wns :1 shock pe1·ccptiblc to persons in Hilo anrl at t he n>lc·:rno. Tt w:,s 
fo lloll"ccl h,I" sc1·ernl YCl'Y feeble after-shocks. 

April 3 . 
April 6. 
April 9. 

tnlus. 
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Xo chnngc in conrl itions at JT:1km:1um:1u wns notril. 
A f c>\I· rocks \\'ere sl i,l ing <l u l'ing n visit in the> morning. 
Nothing new was noticC'Cl c>xrt'pt inc-l'cased 1·e<l dust on the> nor th 



Fig. 15. A pril Hl, l!l:?7. Offic-inl part .,· a t opc>ning of l'.11·c lrnhun:1 Ohsen·:1-
to1·.,· :ind )[useum. p resented " ·" the l-l a\\'a iian Yoltano Rcscnreh Assoc ia tion. 
Right t o ]('ft : Dircetor )father. Rc>cretnr.,· \\'ork. Dr. Jagg:n :rnd Go n•rno r Far­
rington . Photo H onolu lu .-\ch·<'rtiser. 

}'ig. 16. U\\'ckahuna )Iuscum in July, l!l27. Phot o Tai Sing Loo. 



l:'ig. 17. l\I:ichine shop a t the Obsc l'\·ato1·y , built by t he Hawa iian Volca no 
R esearch Associa tio n. H c1·e arc made the new seismographs a nd othe r instru­
me nts of tho Section of Volcanology of t he U nited States Geological S ul'\·cy. 
Photo \\"ilso 11. 



Fig. 1 . Interior of L\\·ckahuna )Iuscum ::incl prnjection room; sumrnet· of 
l!l27. Photo ·wilson. 



Pig. ]9. Tenar-c of U11·ckahuna Obscn·a to r_v on summit of west bluff of 
Kilauea Crn ter, s ho11"ing J-Ialcmaumau pit on t he 1·igh t . Photo \\"ii on. 

• • 
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April 10. At 10 :30 n. 111. some light sl iclcs orrurred at the northcnst "'all. 
H ra ,-y rnin last night has \\'Ushcd nway par t of the sulphur south and cast. 

At 5 :15 p. m. a considerahle slide sen t up :i disti nct dust cloud at the pi t. 
April 20. At 11 a. m. the taluses showed fresh debris at the north, west-

11orthwcst, and south-southwest sides of the pit. 'l' he sulphur patches have been 
partly \\'ashed away by rain recent ly, a11d the walls of the pit a re qu ite wet 
ancl dark rnd from wetting. The large sulphur patch at the south talus is 
still bright yello\\', with a dark area in its center. 

Small slides \\'ere observed twice at tho north side of the west boss. 'rhe 
lump of red rnrk which formerly protruded from the top of the west boss has 
fa lien, ancl the first slide seen today was from t hat place. The northeast talus 
has ligh t colored grc-y debris, but this did not fall since the rain. 

There was a third slide from t he w est boss at 11 :15 a. m. All of these 
slides were very small, so that dust on the wall could be detected with difficul ty. 
Just north of tnc peak of the northwest talus is an uprig ht buff-colored streaking 
from either wash 01· dust slides. 

Steam escapes at t he cast sulphur patch, at the usual places in the south, 
sou th\\'cst, nnd 11orth\\'cst taluses, a little between t he north aud north-northeast 
taluses, a little from the top of t he big sill near its east encl, and there arc 
the usual small steam jets at the edges of t he debris on the flo01· of the pit. 

Salt coatings on t he pit walls arc rouspicuous nort h of the southwest talus, 
on tho \\-all between the south a11d south-southwest taluses, in small amounts 
with streaks on the sout heast rock bank, a nd along the top of the northeast 
s ill. As a whole t he salt staining is not very strong. 

'rhe cracks "·here the trail crosses them hack of the southeast rim a rc. even 
cooler th:111 two \\'Peks :igo, nlthough the wincl is now northeast. Evi<lent ly t he 
cool ing was not clue to the di rection of t h<' win<l. They :ire only faintly "·n1·m 
and arc without visible ,-:ipor except at places 50 or 60 ya rcls south of the trail. 

April 23. At 8 :45 a . m . rocks \\'Cro hearcl falling on t he south sicl e, and at 
9 :09 a . m. more were falling 011 the cast. A circuit of . t he pit was made, bu t no 
intel'Csting change in conditions was noticed. 

April 25. At 8 :55 the cracks hack of the southeast rim were steaming very 
s lightly. There have been a few more slides at t he west boss. A f ew r ock 
falls on the northwest sicle were heard, but on the whole the pit was quiet. 

April 27. At 8 :45 n. m. rocks were fall ing from the northeast wall. Sulphur 
patches l111Yc hee11 washed hy rains. At 9 n. m. rocks fell at the- northwest. 

April 28. Lnrg<' dust clouds o,-cr the J(a u Descri, caused by strong wi nds, 
\\'C'rc sc-c-n <lu ring the middle of the clay. 

April 29. At 8 :30 a . m. t he pit was Yery quiet with a few r ork f alls on the 
1101·t h an<l sou thwest si cl es. Fresh white-stained rncks on t he south talus inclicnte 
t hat slides have orcurrecl there. 

April 30. 'l'hNC' was rlust from an avalanche over t he north 1·im of t he p it 
a t 10 a. m. At 110011 more dust \\':lS seen herr ancl in the- desert. 

SEI SMOMETRIC RE CORD 

'l'hc- rc- \\'C'rr 68 lornl c-arthquakes ancl one t elese ism recorded on the Obsen·a­
tory seismog-rnphs during the mont h c-ncl ecl a t midnight April 30, 1927. 'l'h esC' 
:rncl ot hc-r phc-nomenn, al'(_' listC'cl below. The- time usc-,l is Ra,rniia n Stancla l'(l 
(t ime mC'ri,l i:rn is ] 57° 30' 1V. ), \\'hi ch is 10 hours ancl 30 minutes slower than 
Grc-enwich 'I'imc-. 

'rhe grenter number of the Ycry feeble lorn l shocks, counted in the li st . 
makc- such minute r erol'<ls t hat the chnrnctc r of the distur\Janrc is not always 
npparent. Som e- arp true- rnrthquakrs; others are perhaps the parts of g reater 
:implit uclc of a continuous or pl'Otractccl t!'cmor, \\'hirh at oth!'r t imes may be­
too frc-hk to rc-conl; some seem to he- r ccorcls of Yi brntions sc-t up b~- aYalanchcs 
in the pi t of ITalc-m:rnmau. 



Abl>re,·intions used below nre :is follows: vf, ,·cry feeble ; f, f<>chlc; s, sl ight ; 
111, rnodcrntc; <l, instrnmcnl~ d is111:1ntlc<l; fl, fe lt locn ll_v; £:,., in<li(•:tt<>tl <list:tnto 
in miles; •, continuous tremor. 

Local E arthquakes 
.\ pril 

1 10:49 a .m. yf_ 11 1 :39 :1.m. vf. 23 11:37 [I.Ill . Yf. 
Jl: 0<1, a.m. vf. 10:09 :1.111. yf, 12 :33 p.111. vf. 
J 2:11 p.m. Yf. 2 :37 p.m. ,·f. 3 :27 p.m. Yf. 

4:47 p .m. vf. 12 :26 p.m. Yf . 4:59 p.m. Yf. 
2 J .39 a.in. vf. 13 12:37 p.m. ,·f. 7:11 ]).111. Yf . 

2:0-1 p.m. Yf. 10 :29 p.m. vf. 7:45 1>,111. vf. 
~ ., 3:30 a .m. Yf. 1-1 12:30 p.m. yf_ 2-1 12:59 a .m. Yf. 
4 9:08 a.m. vf. 1:05 p .m. Yf. 6:12 n.m. vf. 

2:50 p.m. v f. 2 :1 p .m. Yf. 6:32 n.m. ,·f. 
G 1:0 a.m. Yf. 16 6:-14-6:48 p .111. Yf. • 1:30 p.m.Yf. 

12:19 p.m. vf. 6:5f) p.m. vf. G:41 p .m. vf. 
J 0 :07 p.m. v f. 17 11:08 p.m. vf. 8 :07 p.m. v f . 

7 1:03 a.nt. vf. 18 2 :00 p.m. vf. 25 1:40 a.m. vf. t:,.12 
6:18 n.m. vf. 

11 :44 a .m. yf_ 
3:01 p .m. Yf. 
9 :02-9 :0 p.m. vf. 

8 3:02 
2 :09 

10 7:25 
3:15 
5:13 
5:17 

Teleseism 
April 1 

n.m. Yf. 
p.m.d.t:,.H 
a.Ill. Yf. 
p.m. vf. 
p .m. Yf. 
p .m. Yf. 

l!) 

. 20 

21 

22 

7:57 p.m.vf. 26 3 :12 :1.111. vf. 
12:19 a.m. Yf. 28 5 :25 p .n,. v f. 

9:45 a.m. vf. 29 10:H p .m. vf. 
5:19 a.m. vf. 30 3 :53 n.m. vf . 
7:27 :1.Jn.Yf. ll :33 p.m. s. t:,.40 

:56 n.111. Yf. !i:12 p.m. Yf. 
8 :38 a.m. vf. 6:26 p.m. vf. 
9:02 run. vf. G:58 ]).Ill. vf, 
!J:16 a.111. Yf. 7:03-7:07 p.m. vf . 
4:27 p.m. ,·£. 

p ~ 8:44 n. Ill. Ver~· faint recnl'(l without distinguishable phnscs. 

H armonic Tremor 
'l'his t_vp(' of tr<>mo1· was nbsenl du ring the 111011th. 

Microseismic Motion 
1\[inoseisms \\"l'l"l' unusually l:ugc 011 April 2-i and 26. 

Tilting of the Ground 

fl. 

. 

By Wl'l'ks t hi s movrment was ns follows. C'xpressC'<l :is :rngulnr change nncl 
<l in•tt ion of 111otio11 of th<' plumh line: 

::o 

)[:1rC'l1 30-.\pl'il !i .......................... 1.4 seeonds S\\". 
A pl'i I G-1~ .... .. ....... . . .. .. ............ 0.-1 scconcl SK 
'' JB-19 ............... . .. . ...... ... ... 1.0 sctond RS\V. 
" 20-2<i .. . . ... • . ... .... ...•.. .. ..... ... 0.7 scton<l EXE. 
" ~7-1f:t,,· :3 ..•. • .. . . . ...• ..•. ... .. .... . 0.2 S{'(•ontl S'1-:. 

'I'. A .. 1.\GG.\R, 
Yolc:111ologist. 

t 



,,,,,. --------·--\1···---- .-... _ 

\ ·. 
\", 
Ra 

\ Tr • 

1<.ILAUEA 

/ 
/ 

I 

L•9end 
Oo,,.~,n"'enl Rood 

.. )------,~;...-=--+o,..,,c..,, ·,, a<-----,."----(t• --~"""-;,,~ 

---------·--.! 

Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and correspondence should be addressed HA,VAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii. 

'l'he Observatory is operated by the U. S. Geological Survey, ancl its work 
is supplementecl by the Hawaiian Volcano Research Association. The main 
station is on the northeast rim of Kilauea Crater. Subordinate seismograph 
stations arc operated by the Research Association under the direction of the 
volcanologist in Kona, Hilo and Hilca. 

The Kilauea station operates horizontal pendulums of the Bosch-Omori type 
a ncl receives time by wireless from the Honolulu Na val Station. Observatory 
Lat. 19° 25' 54.3" N . ; Long. 155° 15' 39.6" W.; Elevation cellar J 214.6 meters 
(3985 feet). The Hilo, Hilea and Kona stations operate horizontal pendulums. 
Their seismograms are sent to the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
191], trausferri11g the plant to the Government in 1919, but continuing coopern· 
tion in experimen ta! work by furnishing fun els and apparntus ancl workers as 
needed by the Government Volcanologist. It is a corporation uncle•· the laws 
of Hawaii, governed by a board of directors, ancl financed by the subscriptions 
of its members and patrons. Its aims are identical with those of the Observa­
tory, namely, ( 1) To keep record of Hawaiian volcanism, (2) 'l.'o attract vol­
canologic specialists to Hawaii, and (3) To promote worldwide knowledge of 
volcanoes and ear thquakes and the foundation of more volcano observatories. 

31 



MONTHLY BULLETIN 
OF THE 

Hawaiian Volcano Observatory 
(u. S . GEOLOGICAL SURVEY) 

Published by 

the IIawaiiau Volcano Research Association 

VOL. XV HONOLULU, HAWAII, :.\Lo1,_Y, 1927 No. 5 

CONTENTS 

VOL 'ANIC 'O.\TDI'.rIONS I :MAY 
Act i,·i ty of Hal ema unrnu 

JOURNAL 1AY, 1927 
Il lustrati o11s 

SEIS~fO:METIU ' RECORD 
Local Barthqunkcs aml ·rrcmors 
1'eleseism 
Hnnn onic Tremor 
Microsc ismic Motion 
1'ilting of t he ,rounrl 

MAP AND STATION DA'l'A 

VOLCANIC CONDITIONS IN MAY 

Activity of Halema.mna.u 
Th ere " 'e re 11 u111 erou~ s lides :111(1 rath e r freque11t ava l:rnchcs in Ralemaumau 

pit rlu ri 11 g t he month. One large :iYnl:lllehe on Mny 23 rnn;1· be eo nsirle retl 
sign ifi cant i n::i smu <; h as it oc·cnncd on t he so uthwest. wa ll in th(' vicin ity of 
t he no rthenst•southwest rift line. Solfaturas 0 11 the outh ll' e t tal us appeared 
to incr ase. 'onclit io ns as a w hole sremcd norm al. 

Earthqu akes increns cl in t he fir st par t of the month, 36 lia\"ing bet·n rcgis• 
te1·ed in th e week ending May 11. Th is is tl1 lnrgcst nu111 i,e1· re!'o rcl ccl in a 
si ng le w eek sinte the midd le of , eptc mlJcr, Hl26. Tilt during t l, c \\" eek ru·~u • 
rnnlated v e1·y slight ly to the nort heast. 

A consi cle ra1 1c drop in the u umber of ·cad,hquakrs came .in tht• next week, 
only 13 having bee n 1·cgisterccl. 'l'hesl' wc>rc all very fr c lJlC' with the cxce[ tion 
o · one fcob l • ·hock at 7:01 a. m . ou tho J:lth, which hatl an intl ieatccl clistanco 
to origin of 17 mil es. Tilt aecumu latc, l very ·lightly to the \\·est. 

SEdcs at t he pit seemerl somew hat. t\Ontinuous d uring t he w ck end ing :1fay 
25, !Jut they couhl no t lrnvc I ce11 a ffcr t ccl .iJ1 any way hy earthquake , only 11 
ha,·ing b en registered. Those were a ll t he cht1ractt>ri stic VPI)' feeb le trrmo1·s 
of thi distriet. In addition to t he loca l shocks is the record of a lista nt 
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c:1 r!·hqunkt' 011 Mn? 22 :it 13 :1 :i: 3'.l 1'· m. IT:1waiin 11 Time. T'hnscs of this eol'th­
q un kc lasfril n C'a rl y ,111 hour lic•fon• <lying out ,-0111plctcly . Jt ha rl a vagul•ly 
in,lic·att,,l tlistam·!' t·o ol'igin of G,120 milt•s. A rlet.C'r min :Ltion 111ade ht the 
LT. 8. ('0:1. t, t1 t'ot1dit· 8 un · •y lo~a1e,l it at :1fi 0 i1 1·th lnti tu<lt' :111d 9:3° cns t 
1011gitud< 1 , :1t ~2 :B:3 :-! Greenwich Ci,1 il r.r im l1. 

'Phir tt'('ll Ycry frclJlc !oral cm·thquakcs wNc r<'gi tei-Prl 1luri11g the last week 
of t hC' month . 'l' il t aet• tunulate,l .-c 1·y slight ly to t he J10rtJ1. 

011 :?.fay 15 operation of the Hi.l ea seismograph was tl'mpor:Hily (li ·continuNl, 
until a loC'tkr in strumC'nt, l•ceomes ayail ablc , 

JOURNAL MAY, 1927 

May 2. At !l n. m. tht'l· t' was n. l:1rgt· sear rnndc hy scal i11g nt the north 
corner of the p it, n ntl fn, h tlclJris lay 011 th • ta lus 1Jelow. '!' Iris licle came 
from ju t aho\·c th e wPst h01·n of the l,ig northeast sill. , !ides hrn-e also 
oc"Ur!' ccl fr om the ca st C' nd of the si ll. 

A n ' "" l,owldcr w n scc-n 011 the floor at tho foot of t he nortb-northea t talu . 
May 3. 'J'hc salt eoatings ha ve int·rC'as r<l on th<:' lower part of the outh 

wnll . Some rock fid ls w er l' he nnl, anil scvcrnl rnc·ks ju t u m lrr th• northca t 
ri111 of the p it a.ppcar rC':t<ly to fa ll. Th e rim itsl'lf is 0Ycrh:111ging at thi point. 

A circuit of the p it wns ma<lc, . On t he north-northeast i1le the odor of 
spicy sulphur 1Vas not ie cl with thC' \\""illll in thC' sonthC'a t . 

At 4:50 JJ. m . dust from a sl i<1r overhung the pit. 
May 4. J ust lnrng over th e ])it at 2 :53 p . m. At !:L· a petuli:ir haze wa 

noticed, J11'01,nhly dus t from numerous ma ll slides. 
May 5, '!'h ere \\"C'J'P coutinnous fnlls of rocks on the north ifle of the pit 

a,·ly in t he morning, m:1ki11 g the haz.v cln t notice<l yesterday. There i new 
clC'l,ri s o n thC' 11 0l't h t:llus ancl in the ill'prc sion bet ,n'en the north :ind north,,·c t 
t:dnS('S. 'e w bowhlcr s lie on tho 11orth-11orthca. t talu , autl. new black dirt is 
strewn clown t he cast wall :incl talus . 

May 7. At 8 :30 a . m. there were dribbling roc:k fall norrh. ancl the north 
ancl cast taluses J1a\·c mor UC\\" rlehris. :.\fen stantl.ing on the north rim may 
b e causing the r ock falls ])~, chopping tonr o\·cr the edge. Jucl!!'ing from 
sounds the m:iter ia l on the face of that wall mu_t be ,·en- loo e. 

Hot, clry pots 011 the southwest talu are <'Onspi.:uou - in he rain . 
May 9. With a high \\"incl there ,va much dw tin the de ert during the day. 

At 11 n. m. rt few rnck falls were hC'anl on the north :rntl. outh wall aml 
th e form!'l" ,1·:1s Ycry du t~· -

May 11. Several slide \\ C'J'B noticed during a y · it from :30 to 10 :30 a. m ., 
incl uding 011e large one ou the outheast idc. White alt were con picuou 
on t h e south and south\\"<' t walls. 

May 18. At 9 :30 the pit wa quie , ,vith just a few occasional rock fall . 
T h u un.l Yapor vent· were earning moderately. 

May 23 . At 9 :30 n. 111. there wa a large tide at thr soutlnrnst rift tunnel. 
Sulphur po ts appear more noticeable on the floor and near the foot of the 
south,1·cst talus. 'l'h c pit wa Yer~· quie at 10 a. m. 

May 27. 'l'he p it w a very quiet at 3 :~5 p . m .. ancl no ch anges were noted. 
M ay 31. 'l'h c north "-all is reddi h from peeling . Slides w ere heard so uth 

an cl north,rnst. '!'h e nortlrn-est talus ha a coating of ne\\" lcb1·is. 

SEISMOMETRIC RECORD 

There were 2 local earthquake ancl one tel e i m 1·ecorclccl n th e Ob pn·a­
tory seisrnogrnph lming the month ended at JJ1iclnight lVIa,v 31, 19:!7. These 
nncl ot h er phenomena arc listerl belo,--. The t im e used is Hawaiian t:indanl 
( time meridian i 157 ° 30' ,v. ) n·bieb i 10 lioms uncl 30 minut es slo\\·er than 
Gl'eenll"ich Ti me. 

Th e greater nnmber of the Yer~- feeble local hock ountNl in the lis . 
make s uch minute rcronls that the rha rattrr of 1hc r1istu rl,:111c-e is not ;ilway 
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l<' ig. ~0. l\[nu na Lon fro111 Obsc 1·vatol'y, showing J;::i lnu ca Cra te r in forC' ­
gl'O uncl , t he m ountain covered with winter s uow clown as far as P uu Ula ula on 
the righ t . Lava fl o " ·s fro m t h e 1·ift see n be low th e s ;10w. Photo \Vood . 



Fig. 21. , ' hor • wa. h ne\\' HJ~6 f! O\\' ,1t l:fo pulon. 
sho w ing deYe lopml•nt of ht'ach an<l sea w :111. from winte,· torm . In th dis­
t a n c is th t' bnrl'iC'r b nth that c u t off H oo pulon 'on•, loo king- north. Photo 
Godfrc.v. 



}'ig. 22. ::l{ax 29 . 1927. H oopu loa Con', looking we t, rut off l y ban-i 1· 

l, cach. Fi. hcrman 's hut is on the ne ll" beac h 1·iclgP. ompn rc Fi•. 76, Bu ll eti n 
Jun e, 19:.6, and F ig . 97, Bulle ti n D ec mbc r, 1926. P hoto Godfrey. 



--

appm·cnt. Som 01·!' trn<.' r:U'thqu:i ke · other. :ire per hap the parts of greater 
:unp litu t!C' of :1. 1·onti nuo us or protrac-ted trnmor, whi ch at oth r time may be 
too fo 11 to l'C'Clll'<l· 0111 <• sc'm to Ii <' rccol'lls of v il,rnti ons set up by nv::i l:in ches 
in thr pit of Jlalc•m:iumnn. 

Abhr •\'i:1.tionR usccl below arr as follows: vf -,·ery frrh lc; f, f el.JI · s, light· 
111 1 mod rntc; 11, instrun,enl · clisrn:rntlccl· fl, f•ll locally· 6, indicated di tance 
in mllcs · * contin uous Lren101·. 

Local Earthquakes 
fay 
1 3:44 a .m . vf. 12:3 p.m.vf. 10:23 11.m. vf. 

:5 a.m. vf. 1:15 p.m.vf. 11 :45 p.m.vf. 
6:49 p.m. vf. 2:00 p.m. vf. 1 2:44 a.m. vf 
7:35 :t.lll. Yf. !l:04 a .m. ,·f. 10: 55 11.lll. vf. 

:3! n.m. ,·f. 10:11 ::i.m. vf. e::.: G 6:45 p.m. vf. 
lJ: 5 a.111 . vf. 12:1 p.111. vf. 20 5:54 n.m. vf. 

3 2:0 a.111. vf. 12:55 p .m. vf. 7:1 l\.111. Vf, 
!: ~1 7 }),Ill , vf. !) :34 }),Ill. \'f, 9:44 a.111 . vf. 
4::H) p.m. \'f, 9 4:1:- a.m.Yf. 10:03 fl.Ill. Yf. 

4 :l:G!l a.m. vf. ' :07 a.m . ,·f. 4:34 J .m.vf. 
:!G a .m. vf. 11:23 a .111 . vf. 21 J 2:43 r1.1n. \'f. 

12 :40 p.111. Yf. 5:0 p.m. ,-f. 23 5 :30 p.m. vf. 
1:5 p.m. vf. 10 6:26 a .111 . vf. 2.- 2:5 a.m. ,-f. 
2:07 p.m. vf. 11:12 a .m. vf. 6:17 a.m. vf. 
2:10 p.m. vf. 3:06 p.111. vf. 26 9 :10 a.111. vf. 
2:34 p.m.vf. 4:14 p.m.d'. 12 :42 p.m. vf. 
3:42 

ii 12:~0 
::n 

3:l!l 
11:!l 

6 2:20 
7 2:0:C.. 

6:16 
7:14 
9:34 

10:0 
10:41 

Teleseism 
:May 22 

iP 
E 

I' 

L ? 

p.m. ,·f. 
a .m. vf. 
:1.m. vf. 
p.m. ,·f. 
p.m.Y.f. 
p.m. vf. 
a .m. vf. 
a.m . vf. 
a.m. vf. 
a.m. vf. 
a .m.vf. 
a.m. ,·f. 

12 :15:32 p.m. 
12:26:17 p.111. 
12:26:30 p.nt. 
12:32:06 p.m. 
12:44:50 p.m. 

Harmonic Tremor 

11 1:12 a.111. vf. 
!):35 a.m. vf. 

12 1:44 p.rn. vf. 
2:52 p.m. ,·f. 

13 7:01 a.m.f. C::,17 fl. 
11:33 a.01. ,,f. 
3:10 p.m.,,f. 
9:01 p.m . vf. C::,31 

15 :10 p .m. Yf. 
16 :2 p.m. vf. 

:45 p.m.vf. 
:4 p .111,Yf. 

Esti mnt<.' l lis tnn cr 6,120 mi les. 

Thi type of tremor \\'a absrnt dur ing thr month. 

Microseismic Motion 

27 

28 
29 
30 
31 

:Microseisms were slightl,v s tronger th:in 11ormal 011 the 15th. 

Tilting of the Ground 

2:3 p.m. vf. 
6:53 p.m.Yf. 
7:42 p.m. vf. 
2:55 a.m. vf. 
4:31 p.m. vf. 
5 :45 p.m.vf. 
6:37 a.m.vf. 

10:03 a. ,n. vf. 
6 :49 a.m. vf. 
2 :00 p.m. vf. 

B_y \\' ks t his movement w:is a follow , !'xprcssed a r.mgulnr change nnrl 
rlircction of motion of th 1 lumb line: 

April 27-l\Iay 3 ...... . .. ............. 0.2 
)fay 4-10 ........... . ................ 0.3 
'' 11-17 ... . .. .. .. ................ . 0.2 

ceourl E. 
eo11cl ~NE. 

cco nd W . 
'' 1 -24 .. ...... . .......... . ...... . 0.2 CClOll(l Vil. 
" 2-.31. . . ........................ 0.3 s e nl NNW. 

R. ~I. "IL OK, 
'J' 1iograplti Engin er. 
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Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and correspondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii. 

'!.'he Observatory is operated by the U. S. Geological Survey, and its work 
is supplementecl by the Hawaiian Volcano Research Association . 'fhe main 
station is on the northeast rim of Kilauea Crater. Suborclinate scismogrnph 
stations are operated by the Research Association under the direction of the 
volcanologist in Koua, Hilo and Hihm. 

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

The Hawaiian Volcano Research Association founded the Obscnatory in 
1911, transferring the plant to the Government in 1919, but continuing coopera· 
tion in experimental work by furnishing funds and apparntus and workers as 
needed by the Government Volcanologist. It is a corporation under the laws 
of Hawaii, governed by a board of directors, and financed by the subscriptions 
of its members and patrons. Its aims are identical with those of the Observa­
tory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
canologic specialists to Hawaii, and (3) To promote worldwide knowledge of 
volcanoes and earthquakes and the foundation of more volcano ob ervatorics. 
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Through the co-operation of the U. S. Coast and Geodetic Sun·ey there h:1s 
llC'en reccntl,v completed on the Island of JTnll'aii a considerable amount of 
geodetic \\'Ork thnt is of pa1·ticular interest to the Jiall'aiian Volcnno Oh­
scn·atory. These operations were i ll prngress during the months of Octoher, 
:N'ovemher nncl December , 1926. a11cl were enclecl during the mon th of January, 
l!l:!7. Tentative plans for future " ·ork hnve been made, whith may he arc·om­
plishcd in the 11ot too distnnt future if the continued interest of the Coast 
:';urve.\' and other organizations ~an be c·ot111ted upon. This work of the last 
few months is here outlined, a11cl a description of proposed future work is added. 

Precise L eveling. 

Accurate ele,·ations nt the summit of 1\i:Hma T.oa are of interest for two 
p1·im:iry re:isons. The topographic: hranch of the U . S. Geologi<·al Survey has 
l!CCcl of such elevations for the control of its topographic mapping. 'l'hrough 
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the Section of Yolcanology, t he Geological S urvey is interested in these eleva­
tions in order to have a check on possible ver t ical movements of the su_rface 
of the mountain due to vokanic or seismic cnuses. It has been shown that 
such ehanges of elevation exist in t he vicini ty of K.il:rnca, a nd Mauua Loa is 
cer tainly not less interesting than Kila uea from the volcanological v iewpoint. 
At one of the meetings of the Pan-Paci fic Scientific Congress in 1920 a sugges­
t ion was made that sever al lines be run to the summit, raclinlly, from different 
siclcs of the mountain, in order to check accurately :ind discover by subsequent 
re-runnings possible vertica l mo,·ements or t umescence. 'fhc one line r un as a 
beg inning, if it can he re-run after a period of years, will show ,,·hether there 
is information of value to h e gained by this means. Se,·cral radial lines, all 
to be re-run pcriodic:ill_v, would, of course, give mor e complete data, but the 
expense of such a prngrarn "·ottld he prohibith·e. The rnoYernents t o be d e­
tected arc probably small; therefore, the most accurate type of work is neces­
sary. If in f u ture runnings discrepancies are developed, it wi ll be necessar;s· 
to know wha t faith may be placed in the accuracy of the work before it is 
possible to say whether these discrepancies a rc actual movements of the ground 
or arc merely er rors in the surve~'S. For this reason t he recent work ,,as done 
by the most precise of modern methods. 'fhe Coast and Geocletic Sun·ey sent 
Lieu tenant Lm1sing G. Simmons, a man with exper ience, to take charge of the 
work and to cond uct it in accordance with t he high standards of that organiza ­
tion. The Coast a nc1 Geodetic Survey paid his salar y th roughout. Other ex­
penses ancl party salaries were borne b~_. the Geological Surve.v: the part of 
the woi-lc l_ving between H ilo a ncl the Y olcano House was paid out of the 
appropr iations of the Topograph ic Branch, whi le t he Section of , oJ,.anolo:ry 
Nt.rricd the expenses of the work from t he Volcano House to the summit of 
Mauna Loa. 

It will be of interest here to clescribc briefly t he instrument and me;hods 
used in this class of leveling. Deta iled field instructions are gh·en in pedal 
Publication No. 18 of the Const ancl Geodetic S urvey. The instrumen: i •,elf 
is the heavy and stable prism Jc,·el that is stnndarcl for precise work. I: is 
specially eonstructccl to withstand tempC'ra tu rc elrnnges without ehan::e of i, · 
:irljustmcnts. It has two eyepieces : one is the eyepiece of the t ele, ,·ope · hron:?h 
which t he rc_adings on the rod arc taken with t he right eye. The let- e~·c 
can watch at tho same time the level bubble i n the soeoncl eyepiece. ;hrou2h 
a p r ism and mirror system. Thus it is possible to mn ke t er rain · h:s: · ne 
instrument is exactly leveled at the instant t hat a rocl reading is ;uea.. The 
reticule has in it three horizontal cro$S hairs, much like an engineer·- · nae-it 
equipped to read stadia. 

'l'he rods arc of one piece, ahout th ree nncl a h:1lf met t'rs Ion::. m:tde of 
wood, but with a n inlay of i1ffar metal upon width the graduation, ar..- p:1i..z::-.-d. 
'l'his invar metal strip is fastener] l o the shoe of lhl' rod, hut i , held I -cly 
throughout its length b_v the wooden horl:v of the ro,1. 'l'he wo "1 IWIJ" f'sp:!Dd 
ancl con tract with temperature a nd moisture, hut the in,·ar • rip re-maic, 
practically unchanged i11 length under a ll JiC'lrl collClil ions. The • a~e 
gradua te(] to centimeters, hut r eadings ,i re estimated to mill imt-:er,. 
is read where each of the three t-ross ha irs in t he i ns trumen t- appear ae • •• 
t he graduations. 'l'he mean of these th ree 1·eacli ngs is the n u~e<t Tai e 
to compute the elevations through the line. The differente ol :ai ed . l>-
tracting the first reading from the second , a n<l the secon,l from • ·-d. 
should be the s,1nH', r. inte the cress wires a rc equa lly spacerl. Thus · n,m-

pariso n of these differences constitutes a check against error-- m ~:: 
the rncl. Also, these differences give the stadi,i distance from - • _..:-s t 
to the rod fo r each sight, which is used in keeping equal the f re- ta.d:­
sight distances i n rnnning the line. The rods have flat steel sh -. ~ 
u pon iron pins that are driven into the grouncl for ea ch turnin= • • • 

In run ning the line two r odmcn arc used, so that the man a, ,l:t" ~ • 
neecl not wait for the r ear rodma n to walk ahead to the fore-, ·z pc,;=:·:.-. 
One rod man is getting himself prepared to show his rocl for ; e ; r-= _ . 
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\\"hile the other man is givi)1g t he back-sight. 'l' hus the two roclmen alternate 
in position as the work progresses, each holding his own turning point. ln 
addition to the two rodmen, the working party also includes a recorder aml 
umbrella ma n. 'l' he reco1·der sets down the readings called out by the instru­
ment man, and rhecks them against error; the umbrella man keeps the in­
strument shaded from the sun a,t all times. The line is clouble run by sections, 
each few kilometers of progress is immediately checked by another runni ng 
of equal precision backwarcl over the same ground. For ward and backward 
runn ings over carh section must cheek w it hin the limit expressed by the 
product of ± mm. into t he square-root of the length of the section in kilometers. 
If the t\\"0 runnings fnil to agree within this l imit, fttrther runni ngs must be 
made until agreement is secured. The resulting mean difference of elevation 
over earh settion is used i n forwarding elevations along the line. In all 
ninning, fore- and back-sight distances are equalized for each section. Penna­
ncnt bronze bench marks are establishecl about every t hree kilometers, of 
whirl\ the dcsc1·iptions and elevations are published. 

Lieutenant Simmons arrived fo Hilo October ±, 1926, where ho ongagoll 
lot:d men for h is field party. K . Simeona, selected as reco rder, hacl been in 
topographic parties for several years, and was with Mr. ,vingatc during the 
Geo logical Survey mapping of the summit. region of Mauna Loa . The other 
men selected-Horace Mizuno, Dean Stroup, Sam Punohu, Masamori Gushiken, 
nncl Francis K\\"ock-1\"Cre for the most part inexperienced i n su rvey work. 
They served as rodmcn, umbrella man, cook, and general utility man. · Lieu­
tenant Sim mons ran the instrument l1imsclf. 

The route chosen for the work was along the main road from Hilo, via 
Olaa, Mountainvie,v, and Glcrrn·ood, past the Hawaiian Volcano Observatory 
ancl · the Voltnno H ouse to the Kilauea M;ilita1·y Recreation Camp. Here the 
line left the main road and went in past the Keauhou Ranch, the nce up the 
well known Mauna Loa t ra il, past Reel llill, to the nor thern end of Molrna­
weowco Crater. 'fhc line then went around the west rim of the crater to the 
t riangulation station at the top of Mauna Loa. The work was not run con­
t inuously in this orckr, however, ns it was thought best to clo the higher 
portion as soon as possible< in order to avoid winter weather nt the summit. 
Lieutenant Simmons spent a few clays in H ilo orga 11i1.ing a ncl training his 
pnrty, at the same time connecti ng up so111c of the old estal)lishecl marks. On 
October H he moved his party up to Keauhou Ranch, with supplies and ca mp 
equipment. The next day a pack train and saclcllc horses hired of Mr. A. M. 
Brown, owner of the ranch, moved him up to t he r est house at R ed Hill. 
]•'rom the ]7th to the 2Jst the part~, ran levels from a point a few miles above 
the rest house clown past the rest house a few miles. On the 2:lrd, the pack 
train went up to Reel Jlill with additional supplies, ancl t he next day mover] 
th<' p11rt.v into he:HlquartC'rs at "llotel cl!' .Jnggar. " This is a small cnvccl-in 
la,·a tuh<' at the nor thern enfl of the Crntci- of 1[oku,1\\"COweo a nd on the 
sum111it plateau of the mountain. The pac·k trnin rl'tm·nl'd to Kcauhou Ranrh 
011 the 2.,th. .l<'rom tho 25th to the 31st of Ottob!'r the line was carri('cl from 
the s11111 111it down past "Hotel clc Jaggar" to the point at which work, was 
started o n the 17th. The mules took supplies up to the part_v on October 29-30. 
'rhe patk trnin agnin "·ent up the mountnin 011 KoYember 2, tnking more 
supplies, \\"hil"h were left at the rest house. The next da_v the horses were 
taken to "llotel de Jaggar," bringing ~immons :ind his party back to t he 
rest house :it Reel Hill. The writer ,vent up with this t rip of the horse~, 
riding to the top, but walking back, since 011 the return t rip the animals were 
loaclecl. · 'fhc part.v n11cl its equipment \\"ere left at the rest house, ancl the 
horses continuccl clown the mountain to Keauhou Rm1ch, arriving there about 
!l:30 p. 111 . , Novemher 3. 'l'hc "Hotel de Jaggar" gave t he men a ce rtain 
amount of shelter, hut only limitccl comfort. Fuel had to be packed up from 
hf'lo"· ; \\"ate r was to be had h_y breaking the ice in t he r revices of the l'Ocks. 
The kitehen :i ncl co111 n1issar_y were estnblishe(l in th e depression where the lava 
tulJC l1acl tavcd in, a nfl \\":JS covered, by a tarpaulin. Blankets \\"Cre unrolled 
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in the tube itself, open ing off from the "kitchen, " a p la ce with so lit tle hea d 
rnom tha t w hat comfor t there was had to be crawled f or on ha nds a nd knees. 
Upon his 1·eturn t o the more commodious rest house, Lieutenant S immons spent 
a f ew days comput ing and check-running over some weak sections. The horses 
won t up on N ovember 8, an cl t he nex t day the party movecl down to a camp 
at the s tone wall co1·ner which ma rks the nor t h a ngle of K apapala Ranch lnnds. 
lJe1·e t hey wer e below t i mbe1· line, at about 6,500 feet in elevation. Work 
was picked up where it had been lef t off a few miles below t he rest house, 
nnd so con t inued on down the t ra il. 'r hey nrndc their fi nal pack train move 
clow11 from t his last camp on November 17, a nd established themselves a t the 
Nav:11 Recre:ttion C,11np. '.!.'hi s " ·as mail e the ir headquarters for the rest of the 
run ning down t he tra il, and nlso fo r t he t ime the work was being carried 
clown the maiu road to Hilo. The line r eached t he Volcano llouse 0 11 Xovember 
26, and was t ied i n at H ilo on December 13. Some spur r unning wa s clone 
in Hilo on December 16 and 17 to connect with old bench marks, completing 
t he work. 

Precise levels are ordina ri ly run along rail road tracks, or at lea st a long 
highways having f airly :fia t and even grades. This work over a mountai n t rai l, 
wi t h such a steep grade, i s very much slo1nir than under usual conditions. It 
is poss ible to gai n only about n ine feet in elevation, on the average, per setup 
of the i11strnme11t. Cou 11 t ing both the forwanl nnd batkwa rcl ru11ning, it was 
necessary to set up t he instn m, ent nbout 2,200 times between the Volcano 
H ouse a nd t he summit of Mauna L on, a distaJ1ce of about :rn miles. On n. 
rail road t1·ack this number of setups would carry t he cl ouble nm line over a 
dista nce of about 145 miles. 

F inal results of the wo1'k have not yet been compu ted . 'rhe preliminary 
values of cer tai n elevations here discussed are basecl upon t he elevation of a 
bench mark in H ilo, as cleter minecl by the U. S. Geological Sun·ey i n 1912. 
These preliminary elevations arc, therefore, subject t o slight change through 
change in datum, ancl because of the correction for rod constants not yet 
appl ied. Of particular interest is the comparison of t he ne"· work with the 
levelings clone in 1912 ;incl in 1921 0Yer the main rnacl between Hilo and 
Volcano House. This is best seen in the following tabular form . The first 
column contains t he values resulting from the -double ruu li ne qf 1912. The 
second column gives the results of the single run line and island net adjust­
mm1t of ]921, and the thircl column shows the p reliminary elevations of this 
recen t precise line. The_v are all three founded on the same datum at Hilo, 
ancl t heir d ivergence either r epresents error in 1·unning, or actual change of 
eleva tion of t he ground. The large systemn.tic d ivergence is almost certainly 
due to t he latter ca use, and is the Ramo sor t of g rouncl movement that has 
brt•n disco ve red t o a still greater degree close around a nd ,dthin the Crater 
of Kila uea. 

Val ues of ]!)]2 
6 . ] 83 

359 .643 
76-1 .701 

] 266 .435 
2002 . 3,J2 
3821. 036 
3973 .090 

1921 

359.643 
76-1. 2 

1266. 673 
2002.7-19 
3821.8-10 
397-1.107 

1926-27 
6 .183 

359. 599 
764 .831 

] 266 .682 
2002 .768 
3820 .751 
3972 .526 

~ilcs From End 
of Pier 1, Hilo 

3.1 
10.9 
1-1.1 
li.2 
20.-! 
:n.3 
32.-3 

S imilar moveme nts to these shown at K ilauea arc probably abo taking 
place at t he top of M:i.una Loa, and it is to be cxpcctccl that suh,equent re• 
runnin gs of t his prec ise li ne to the summit will disclose their nature. 

The va lue 3972 .526 is t he new preliminary elevation in feet above mean 
sea level for the bronze tablet in the old monument across the road irom the 
Volcano H ouse. On t he same datum, the line g iv,es 10,03.3 for the ele,·ation 
a t the rest house a nd 13,653 for the summit of Ma nna Loa. The old triangula 
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tion station nea r t he summit is 1.3,G;3J-a. rc1nnrlrnhle ngrecmen t with t he olcl 
vertical angle elevation cleter 111 inccl hy W. D. Alex:inder fo r tho Hnwaiian 
Gove rn ment Survey, wlli<"h was 13,650. Sine<' stnclia distanees were rnad along 
t he li ne, an<l as t he li ne in ge neral follows t he regular route of travel, t hm·c 
1·csul ts from the work a good determination of distances from Hi lo. 'l ' hus 
ft-0111 t he encl of Pil' r 1 to t he Voleano House i!, 32.:3 mi les; to t he rest hous,' 
at Red Ilill, 49.2 miles, an<l to Maunn. Loa su111mit, 62.8 miles. 

Gravi ty 

],'rnm abou t t he rniclclle of September to the miclclle of December, 1920, the 
simultaneous ·world L ongitude Net was being meas1.U"ed. 'rho U . S. Coast 
and Geodetic Survey was part icipating in this work, with a par ty on Oahu, 
tompletely equipped with radio r eceiving sets, a modern astronomic merid ian 
telescope, an cl gravity apparatus. ,vhcn the World Longitude work wns com­
pleted, these men wer e sen t to the I sl:rncl of Hawaii, at the request of t he 
Hawaiian Volca no Obser vatory, to determine the force of gravity at Hilo, 
Ki la uea, and MGuna Loa summit. The Coast and Geodetic Survey paid for 
t he wodc en t irely out of their own appropriations. 

Complete and detailed i nstructions for the measurement of the force of 
g ravity may be founcl in U. S. Coast and Geodetic Survey Special P ubl ication 
No. 69. 'l'he fo1·ce of gravity is measured by carefully timing the swings of 
a special pendulum. The length of a pendulum and the force of gravity acting 
upon it are t he two factors that determine its rate of vibrat ion. Thus if 
t he length of a pendulum is not changed, its rate of vibration will change 
only with change of the force of gravit~·, and the amount of change of gravity 
may be computed from the change in rate. The special pendulums used i n 
g ravity measurements are very earefull.v timed at a standard station where 
the val ue of gravity has been well determined, ancl t hey are thus calibrated. 
In the field, at a station where gravity is to be clcterminecl, it is therefore only 
necessary to cletermine how much fnster or slower the pendul um swings at t ho 
new station than it clid at the calibrating) station. This will dete rmine how 
111 uch g reatC'r or less the fon-e of gravity is at the new station than at t he 
calibrating station. 

TJ1e pendulums are very carefull.v hancllecl :-incl tr:rnsportcd, a.s t ho sl ightest 
change in their shnpe clue to bei ng bent or dented would cha nge their mathe· 
ma.t ica! length and spoil the calibration. A lso, dirt or corrosion adher ing to 
t hem woulcl affect their calibratecl Jm1gth; for t h is rC'ason t hey are handled 
with tongs, ancl arc never touchecl with the fi nge rs. 'l'hc pm1dtLlu ms a re made 
of invar metal so that they will change the smallest possi ble nmount with 
t emperature cha nges. ,vhen observntions a re i n progress, they are swung in 
a meta l case from which ai1· is exhaustecli to form a partial vacuum. Owing 
to this r educed ai r friction and t he perfoction of the k nife eclges upon which 
t hey swing, when they arc started to swi n~ through a small Hrc the motion 
w ill continue for more than twelve hours without f urther impulse. 

'l'he measuremen t of the force of gravity, therefore, becomes a p roblem in 
accurate timing. The variations of gravity a1·e small, a ncl t his t iming must 
be do ne with the utmost accm·acv in orclcr to detect t hese va r iations. The 
pendulums are of such size as to· make one swing i n one-half sC'cond , nearl.v. 
'l'he p roblem is to determine' this period as p recisely as pof.s ible, ancl it is 
clone to within less than a mi.ll ionth of a second. The pendulum is allowed to 
s"·i ng for about twelve hours undisturbed, accurate time being taken at t he 
star t a n cl fi nish . If the duration of this s,Yinging may be determined to within 
a tenth of a. second or better, this en or of one-tenth of a. second will be 
diviclecl among the number of single Jialf-second S\\"ings the pendulum has macle 
in the twel ve hout"S. T hus the error i n t h e_ computed time of such a single 
S\\i ng of the pendulum beeomes only aliout a mil liont h of a second or Jess. 

Before the use of raclio for time s ignals, the best prec ise method of meas­
uring t ime was b~, astronomic observations. T he passage of st ars across the 
mcriclian gives n measure of time thnt is free from er rors of a ny eloek or 
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chronometer rate. But this involves the setting up of an :1stronomic mci-iclian 
transit, :111il introduces a chance of failure due, to c·loud,v \\"Cather. The pre­
cision with which modern 1·adio time signals arc being sent out, and the d e­
velopment of receiving :ipp:iratus that makes it possible to record automatic:illy 
the signals 011 a chronograph, has now made this t he more convenient method. 
'.l.'hc beats of tho gravjty pendulum arc recorded on the chronograph also at t he 
start and finish of its swing. Thus if radio signals mn:v be received cvc r_v 
twelve hours, and the starti ng a nd finishi ng of t he ~\\-ings arc ntadc at th(' 
t ime these signals are received, a very accurate l1ctcrmination of the duration 
of the -s,vinging may be had. 

Lieutenants E . S. Brown and W. II. Bainbridge of t he Coast :incl Gcodcl.it 
Survey completed their 1Vol'lcl Longitude work 011 Onhu a nd c·amc to t he I sland 
of Hawaii 011 December 15, 19:!G. 'l'!t c_y came ll"ith their equipment to Kilauea, 
selecting as their first station a site in the grounds of the Hawaiian Volc·:1110 
Observatory. The building for the new machine shop had ;just been complctc<l, 
but was still empty. 'l'he gravity apparatus was set up in this building, 11·ith 
the pendulum box set directly on the concr ete floo r, thus avoiding the necessity 
of building a special pier for it. Correct time wns obta i ncd by means of a 
short-ll"ave w.ircless receiver, which was able to tune in and to reeorcl auto­
matically s ignals fro m NKF, the U. S . Naval Radio Station :it Bellcn1c, near 
·w·.ashington, D. C. The signals were 1·eccivccl at -l:30 p. m., Hawaiian St:111darcl 
Time, on the 71-mcter wave length . 'l'his afternoon signal, coming for 111os t 
of the distance th1·ough night hours, was easily received. At -l :30 a. 111., the 
timing of the beats of the expiring pcnclulum " ·as cnrrietl over to the beats 
of t ho pendulum freshly started, wit!tout the use of radio signals. 

Observations commenced on the afternoon of Dcce111bcr 17, at the Kilauea 
station, ancl cnclecl on the aftc1·noon of the 2:frcl. There \\"ere t\\"elv(• s11·ingi11gs 
of twelve hours each. Failure to receive the time sign:ils on the afternoon of 
the 18th lessened the accuracy of two of ,these S\\"ingrngs. 

The observers were in some doubt as to whether radio reception would be 
as good on the summit of Mauna Loa as at Kilauea, and they considered 
taking the astronomic transit \\"ith them \\"hen they occupied the r.ummit sta­
t ion. The lack of difficulty with the radio at Kilauea, however, made them 
decide to try radio at the Mauna Loa station also, ancl so avoid the trans­
portation of the delicate ancl expensive transit up over the rough mountain 
trail. When the obse1·vations were completed at Kilauea, the apparatus was 
packed up, ancl on December 29, 1926, the start up tl1e mountain \\":ts mncle. 
H orses and mnles were hired of Mr. A. :M. Bro"·n, of Keauhou Ranch. 'fhc 
summit was reached the next day, and the horses, in charge of the ranchmen, 
returned, leaving Lieutenants Brown and Bainbridge camped in the "Hotel 
cle Jaggar,'' where Simmons and his party had camped. 'l'he instruments 
were set up here, and nine tweh,e-hour swingings of the pend ulums made. 
Some difficulty was experienced on account of the low nigh t temperature at t his 
a ltitude. The cover of the pendulum box, fitted on at the time of higher tem­
J>ernture in the afternoon, showed a t enclenc~- to contract as th-e colclcr night 
hours came on. The cover thus contracting allo11·ccl air to leak into the box, 
and the desired partial Yacuum could not be maintained. '.l.'his trouble was so 
serious t hat one or tw·o night swingings were lost ancl the completion of the 
work was jeopardized. A small tent, improdsed frnm a tarpaulin, was e reetcrl 
over and arouncl the pendulum box, ancl the observers kept candles burning 
within this e nclosure. By this means the box was protected from the 1011· 
night temperatures, and the work was b rought to a successful termination. 

, 'ii'hen the encl of the observations was in sight, Bainbridge came clown 
tho mountain on foot, reaching Keauhou Ranch at about 4:30 p . 111., Januar~-
5, 1927, a Jtarcl thirty-mile hike. H e notified tho ranch that they were reacl_,­
to have the equipment moved clo",1, and the horses were sent up the next clay. 
M ea1rn·hile Lieutena nt Bro11·11 by himself completed the observations all([ 
prepared the equipment fo r the pack-train t rip d o\\·n the mountain. 'l'he whole 
outfit arri,·ed :it the ranch without mishap lnte on Januar? 7. 
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A few d:iys . were cmplo,vccl h 1 ofiiec work, repacking of equ ipment, mid 
recupe ration. 'rho instruments were moved to Hilo and set up on a l cclgc 
under the main buHdiug of t he U . S. Naval Radio Station. H er e t he obse rvers 
had t he kind co-operation of the Rnclio Station ia the m:itter of equipment, 
lodging, and general a ssist:rnce. 'l'he observations w ere begun on the after­
noon of Jnnuar y 12, and six twelve-hour swings were made. 

Th e preliminary v:ilues of the force of gravity cletern1ined :i t these three 
~t:itions ai-c given in the following tabuh1 tio 11. These vnl ues "re subject to 
various concttions whith l,n ve 11ot yet been made, su<:11 as for degree of 
v:1c-t1u111 and te111pernl·urc within the pendulum 1.,ox, flexu re of pendulum sup­
po1·ts, possililc t ha nge of eal ibr:1tion of the pe11dulun1s, chronomete 1· and t ime 
signal errors. Whe11 these rorrcctio11s arc appliccl, the final "ohse1·vc(l value" 
will result. 'l'he (•On e<•ti ons fo r t he e levation of the stations, fo r 11em· a n'.l 
distant topography, :i ncl for isostatic compcnsa.t ion will t hen be computed antl 
a pp lied, ancl the values will be ready to c·ompare wi th the theoretical values. 
It is this comparison with values for a t hcorntical perfect e,n th t hat gives 
1·isc t o t he disr rcpa11cics caJlccl anomalies, which in t urn give incl icatio11s of 
local crust a l d ens ities. 'l'hesc preli mi nary val ues nre given in terms of the 
force in clynes arting upon :1. unit mass of. on e g rnm :i.t t he s tation in ques­
tion. The lntitude, lo ng it ud e, a1Hl eleva tio11 i n mete rs of en c-I, station is 
nlso given. 

S tntion M ca.n Date 
Hilo . ..... ...... Jan. H, J!l27 
Kil:wea .. . ... .. D ec. 20, Hl26 
?.faun:i. Lon .. ... J an . 2, 1927 

Dynes 
!)78.878 
978.667 
978.091 

Lati t ude 
19 ° H.O' 
19° 25.9' 
19° 29.8' 

L ongituclc 
155° 03.1' 
l :'i:3° J 5. 7' 
lfi/) 0 34.8' 

Elevation 
5 Ul . 

1 ,211111. 
3,970 Ill. 

There w ere a lso t hree gravity stations occ·upiecl by the .Coast a na Gcoclctic 
S urvey on t he I sla nd of Hawaii iu 1892. These were 011 the t op, the s ide, 
and the base of Manna Kea much as the recently observed t hree stations are 
on the top, side, ancl base of Mauna L oa. The full descr iption of t he work 
ancl results at these olcl stations may be found in the U. S. Coast ana Geodetic 
S urvey report for 1893, Appendix No. 12. It will be i nteresting here t o set 
clown a summary of t he results that were t hen obtained. 'l'he obser ved values 
of gravity as given in this report were founded on the value 980.100 for t h e 
hnse station at Washington. 'l'hc more recent value a t Wash ington is 980.112. 
'l'hercfore, t he olcl figm-es must be ehnngecl clue to this cha11ge of base, a11d 
nlso owi11g to some other minor correctio11s, in orclc r to make t h em compai·ablc 
to like values at t he new stations. 'rhi s has been clone b efore placing the figurrs 
in the followil1g tabulation. Latitudes ancl longitudes as given in t h e ol(l 
r eport hnvc also been corrected clue to a change in horizontal datum, so t ha t 
these co-ordinates arc in harmo n.v with t hose g iven fo r the new wor k. 

Station :Mean Date Dn1es Latitude Longit ude Elevation 
r-::nwnihae .Jul.v 5,1892 978.812 20 ° 02.1' 155° 51.6' 2m. 

Knla ieha . .... . . July 15, 1892 978.499 19° -!2.2' 155° 29.9' 2,030 Ill, 
Manna K ea ..... . July 24, 1892 978.069 19° 48.9' ] --· 30.8' 3,981 Ill. _i)i) 

A bl'ief computation was matle in the olcl report, making use of these figures 
to n rrive at the mean clensity of the ear th. Rock specimens select e(l a s repre­
sentati,·e of the structlll'e of the mountain mass of Manna Kea wer e examined 
:incl t heir mean density tak,eu to be 2.90. The gravit.v obser vations at the 
clifferrut elevations yielded the information that the mean clensit_v of t he earth 
should b e 1.77 times as great ~s t he clcnsit~- of the mountain. Th is r esult ed 
in t he value 5.J ll for the mean rlcnsitv of t h e ear th . The more modern use 
of gravit.Y obscrvntions is t he r everse of this prob lem. Many observations b.v 
r1 iffer en t methods have 11 0w given a better value for the ear th's mean density, 
which i s aecepted and used in eonjuuction with gravit,v observations to clis ­
eo\'Cr the vnluc of l ornl e·rnstnl densities. 
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Tide Observat ions 

Du1·ing .lul,v, ]!):!G, Mr. ,Jnggnr l\'n~ in \\'ashington, nn(l '1t th:it ti111e nr­
rangcd with the U. S. Const and Geodetic• Survey to establish n lido gauge at 
] J ilo. 'l'hc ins tru111ents nncl equip111cnt for this station anived about the time 
t h:it Lieutenants Brol\'11 and B:iinbridge finished their gravity observations 
i n Hilo. 'l.'hey were iustruttctl to install this tide gauge in anon1ance with 
the specific:ations for stantlarcl stntions of the Coast Survey. Th is was done 
with fu nds furnished by t he Coast Survey. 

Specifications fo1· installing such a gauge, :rnd the instructions for operation, 
may be fou nd in U. S. Coast and Geodetic Survey Spc,·ial Puhlic-ation No. 26. 
Bl'iefly, the gauge is an instrnment whic·h records on a c·ontinuous shcl't of 
paper the heig ht of title at all times. 'l'he paper is moveil forll'ard by clock 
work at the rate of one inch per hour, sufficient paper be ing contained in ea<·h 
hla.nk 1·011 to Inst for one month. A pencil, which moves at r ight ang1es to 
the motion of the paper, is operated by means of a wire lending to a ilont 
"·hich rises and falls with the rise and fall of tide. This moving pencil thu~ 
traces a curve representing the height of water plotted ngai11st time. By a 
proper r educing mechanism, the motion of the pencil is on!~• one-sixth tho 
motion of the float, so that the curve is not unduly large. Prom this curve 
the he.igh ts antl times of a11 high ancl low "·nters arc tabulated. 'l.'abulntio11s 
:ll'e also made showing the height of water hom b,v hour. },rom these tabul:,­
tions, the Coast Survey is able to calculate the constants which arc necessary 
in prc(licting the tide at fu t ure dates and in constructing the tide tables in 
current use by mariners. These tabulations also furnish data from \\'hich to 
dete rmine the elevation of mean sea level, which is the reference datum for 
land elevations nnd is the starting point for spirit l evel lines. 

'l.'he lla.wa i i:m Volcano Observatory is interested i11 the data furnished by 
this title gauge for other reasons. As has been stated before, vertical motions 
:ind ~banges of elevations exist in the vicinity of Kilaue,1. 'l'he "·hole Islaiid 
of Hawaii is subject to volcanic changes, aucl such risings and fallings may 
well exist along its shore line. Au example of such a movement, which 
happened suddenly, was the subsidence in ] 924 of the fault block i11 Puna, 
where a section of land and shore line settled about 14 feet (sec Bulletin of 
the lial\'aiian Volcano Observatory, Yol. XII, Ko. 4, April, 1924). Such move­
ments may be slow and of such extent that no stationary datum r emains at 
hancl from which to measure them. 'l'hus, referring Janel elevations to sea l ev<."l 
remai ns the only mcai1s at hand for their detection. In order to faci1ita.te 
this part of the observatio11s, it has been arranged thnt the tide gauge records 
from Ilonolulu shall be sent to the Observatory for romparison with the Hi1o 
records. Day·b.v-da:v comparisons will be made, which \\'ill in effect be simul­
taneous readings on the sea for elevation at TI011olulu nnd llilo. Each day 
"·ill g ive a value for the diITerenee of elevation, as inditatec1 by the ocean 
water level, between the zero mark of the Honolulu gauge a.nd the zero mark 
of the Ililo gauge. Tide conditions, the differente of latitude of the two sta­
tions, wincl effects, diffitulty of reading definitely the clen1tion of rough ocean 
waters, wi ll, of course, cause this observed value to fluctuate, but in the long 
run its mean should tend to be free of these errors. ]f no 1·clativc motion 
exists bctll'een Honolulu and Hilo, it is probable that this difference of cle,·a­
t ion will rcmnin the same in its average year by year. If motion <loes exist, 
its nnturc wi ll perhaps be discovered by a chnnge in this computc>cl c1ifferenC'C'. 
Aside from comparison with the H onolulu records, a r ise or f:111 of the Hilo 
shore line woul(l manifest itself in the c·hange of elevation of Hilo bench 
mar ks as eomputccl ~-car b? year from the Hilo records alone. 

Another feature of the tidal observations of equal value to the Obsen·ntor.v 
i~ the stud.v of ticfal waves or seismic sea \\'aves. M;an:v tidal waves exist 
that are too sni:1ll to he notic-ed b.,· an_v means s,l\·c a tide gauge. 'l.'he stud.,· 
of tidal w:wes in ronnection ,\'ith local nnd distant earthquakes can he ex­
Jl<.' ded to yield information of muth Yalue, not only to scienc-e, hut to hun1anity 
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Fig . 23. August, 1923. Cones and pits on southwest rift of Mauna Loa. Photo Fin ch. 



Pig. 2-L L ooking flown southwl'st rift of ?,,fauna Lon from nho ut !l,,iOO fc<'t ekvnt ion. l'hoto Emerson. 



J"ig-. ~i\. L ooking tow:n(l "i\'l:11111 a L oa s um111it fro111 a lJou t S,:iOO feet elevat ion 011 soutl,wcst rift. White spot in middl e 
rirlg-r marks s u I ph u r h:1 n k~. P hoto E111crso11. 



F ig. 2G. August, l!l27. Look ing across Kilnuca, Jki and Kib111c:1. c-rnters. Rhowing old aa l:1 va floll' in Ki lauea lki, 
orifice of ll :ilc111:1u111:1u in t he d is tan c-e, and Mau11a L oa hicl cle n by cloud s in t he bacl< g ro uncl. Photo \Vilson . 



ns "·c>ll. A tidal w:we visited IT:1wni i nncl rnusecl consiclcrnblc rlamagc 011 
:b~(•hrnary a, ]9i3. ( Monthl )r Bulkt in of t he Hawaiian Volcauo Ohs l'J'vntory, 
Vol. XJ, No. :!, February, 19~3.) H was caused by a lnrge c>n rthqua kc, whit!, 
111adc its 1·eco1·tl within a few 111 i11utcs on t he se ismographs of the Ohse rvntor_v. 
'rhus there \\":JS se ismic warning of t he danger some hours in advance. \Varning 
was given so thnt such p rcpnration as t he ti111 c nllowecl mig ht be made. Mr. R. 
II. :finch, in an article published in tho "Proceedings of t he Second P an­
J>acifi c Scientific Congress," Syclne.v, Australia, 192:J, describes t his ticlal w:we, 
and others that ha ve come to t he notice of the H awai ian Voka110 Obscrv:1 to 1·y. 
The title of his pnper, "On t he Prediction of 'l'idal ·waves," represents :i suh­
jC'ct that 111a.v "·ell be studied to nclv:rntage. 

It will be interesting to know the r c>gions in which t he occurren ce of ear th­
quakes is likely to produce t idal waves. Experience will tell "·hat ea rt hqunke 
i ntc>n s it ies arn dnngcrous £.-0111 t his poiut of view. Obscrvnt ions will show tl,e 
rates of trnvcl of scis111ic sea ,rnves over various depths of oceans, so that 
prcdictio11s mny be acc·uratcly 111acle. Tho use of a ticle gnuge makes p ossible 
the ll('("Urate sturl_v of nrnn.v ticlal " •nves so small as ot her wise to escape 11 otiel', 
yet which yicl cl information of grl'nt value in prcdic-ting the lnrgcr nncl 11101·!" 
cln ngl'l'0US tidal 11·:1 vcs. 

Future Co-operation 

Volcanic a ction causes horizonta l movemen ts in the vicinity of Kileauen 
that tan be measured b.v triangulat ion. 'l'hese movements, considered wi t h t he 
changes of elevation that nre cletcctccl by mea ns of level lines, give valuable 
i nformation as to the mechanism of the volcano. In the immediate vi cinity 
of Kileauca t he leveling and triangulation has been done and r epeat ed from 
time to time by t he Observatory staff. '!'he movements so cliscovcrecl a long the 
locnl fnult lines may easi ly have thei1· counterpart in mo,·c111ents along the 
major rift li11es of t he island. '!'he precise level line to the s ummit of Mauna 
Loa may be used to check. vertical changes along the 1101·theast rift line of 
that mountain . But to elwck motion th roughout t he whole region, t rinngulation 
would be mud1 more efficient. '!'his use of t ria ngulat ion is well known in 
California, where mensurcments arc being 111:ide along t he active fault lines. 
("Earth Movements in California," by \Villiam Bowie, U . S. Coast and 
Geodet ic Survey Special Publicat ion No. 106.) 

The Isla11d of· ITnwai i was first triangulated nbout 40 years ngo by the 
H nwaiian Government S urvey. If stations enough were occupied in a new 
survey to form a large-figure net over the island, using old st a tions wherever 
possible, ancl intersecting or otherwise tying in other old stations, there would 
be several purposes served. First, if the nccumulated motion of 40 yea1·s 
a long a ny of the rift lines has occurred in such magnitude as to rise above the 
size of the probable errors of the surveys, it would be cliscoverecl and its 
na t ure shown. Second, such n survey macle with present-clay accuracy would 
make possible the discover,Y of still smaller eart h d isplacements in t he future, 
:it such time as nccurate rcsurve.vs ma.v be made. Third, this accurate la rge­
figure net would be a strong frnmcwo1'k upon which the old t riangulation, at 
p resent unadjusted, might be acljustecl and strengthened. Fourth, many old 
statio11 s, as well as new ones, "·oulcl be recovered an cl permanently ma rked, 
thereby making t hem of real val ue in t he cnclastral surveys. 

Simple triangulation would serve to discover relative motion amou g points 
011 t he islancl. But such a net should a lso be well founded on geodet ic datum, 
"-ith nstronomic latitude, longitude, and azimuth stations, "·ith a t least one 
accurately measured base a ncl "·ith con necting figures to the other i slnnds of 
the Ifowaiinn gronp. ~'his work is to be clone on Oahu cluri11g t he coming 
sc>ason by Lieuten an ts Simmons nnd Bainbridge. It_ is hcped that t he same 
"·ork may be clone on the Island of Hawaii as soon as possible. 'l'hc com pletion 
b~' the Topographic Branch of the Geological Survey of a ccurate contour 
maps of the isl:111d will now mnkc reco1111:1isancc a nd figure-planning a co111 -
p:1 r :1 ti ,·el.v s imple mattrr. 
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'l'hc tide gauge shoul<l rert:iinly he c-o ntinued for some venrs to rome. ' ro 
dctcrn1inc mea n sen level, th<' refNcntc dntum used i,y C',;ginecrs in genora l, 
i·cquircs the a vcrnged results of observat ions over a long period of time. A 
tide gauge run of several ~,cars is neccssar_v f or rm acl"ur:itc d<'tc rmination. 
Each yc~n wHl give added informat ion :ts to shore lin e clevatio11 aucl depression. 
'J'hc morn ticlnl wa vcs that can be studied, t he more surely will ace urn to predic­
t io11 be possible, looking to"·anl the avoiclnn<·c of damng<' fro111 this cause at 
t hl' s,•:1 por ts in t h<' future. 

VOLCANIC CONDITIONS IN JUNE 

Activity of H alemaumau 

Kila uea Voka110 Jay donnn11t throughout th!' month. Cond it io11s in Ilal e­
mn umau pi t showed littl e change. 'l'here wns t he usual peeli ng of the walls, 
tern1ed slides "·hen oc-c·urring in small amou11 t ·, :1 11<1 as nvalnntl1cs whe11 debris 
fell in largo qun.11 titics. A slight movement of t he ground arouud the rim, 
shown h y fr<'sh crac-ks, appeared indic·ath·c of c· hangi11g pr<'t-surc in the in ­
visi ble Java. 

Only s ix earthquakes wer e r·egistcrecl duriug t it<' week ending .June 8. Five 
were the onli11n.1·y ve ry fee ble loc-,tl shocks, ancl the othN, on ,June 2, was a 
faint rcc·ortl of a dista11t earthquake, phas<'s of which indicated an origin 
5,!i00 miles away. 

A bout J :30 :1. 111 ., .June 8, p,nts of the is la nd wNe clisturbcil hy a shock that 
harl t he cfiec-t of n swaying (':trthquake ancl was said by some to be ncrompaniecl 
by :t hcav.v booming sound, like :111 <'X plosion . Ohc<•ki11 g with t.hc t ime is n. 
re~onl on the seismogram of a very fcehle earthquake, with inclic-a ted distance 
to origin of 1-! miles, wh idt could not possi bly have he<'n felt. A<lcling to t he 
mystery is the report b_v the K ilauea Yokano llouse nigh t watc- hman that he 
saw a 

1
glo,Y, seem ing ly passing to the soutl1, br ight enough to illuminate the 

flower gardens. The light prccccle<l t he shock by a few minutes. A plausible 
explanation may be t hat a meteor fell and exploclecl, ther eby causing con­
cussion, as only concnssion coulcl baYe macle the recorded shock perceptible. 

Eleven ve1·y f eeble local carthqnakes was the count fo r the week ending 
.Tune 15. In addition t here "·ere traces of minute spasmodic t remor on Jun e J+. 
'l'hc normal mic-roseisms were unusuall_v feeble during the week. 

During the next "·eek the walls of the pit appea r <'d to take on significant 
activity, with slides at the rift t unnel o n t he southwest s ide a nd cracking of 
the ground along the east r im. 

E arthquakes fo r the week eucling J_une 22 numbernd 15, none of which 
was of su.fficient i11tensity to be pcrc:eptible, b ut one, on Jun e 19, showe<l 11 
miles distance to origin. There was feeble trace of a teleseism at 8 :40 p. m., 
Jm1e 16. Microseismic motion was very weak. 

Active "·orking of the ,mils cont inuecl jn t he. next an cl last week of the 
month, ancl new surfa ce ground movemen t was noticed back of the north and 
no1·theast r ims of the pit. Seismic motion was extraordinar il y sligh t, there 
being oul,v nine ,·cr_v feeble local ear thquakes recorded d uring the \\"eek ending 
June 2!l. 

JOURNAL, JUNE, 1927 

June 1. 10:45 a . m. Fog and rain at the pit, ancl a prett~· ra in bow extends 
to t he f\001· . 'l'hc walls arc very quiet, only a rock or two henrcl fa lling. New 
debris lies on the cast, nor th, and son th-southwcst ta luses, nn<l the wall undCt" 
the "·est boss looks more broken. A str eak of dark gra _v dirt, perhaps colorecl 
b~• wetness, nrns from the n iche j ust above the "·e$t end of the north si ll and 
rrosscs jt_ 

June 2. Stc:1111 was dense this morning o,·er the north ancl north<'ast walls 
of the pit, clue to tho "·et atmosphere. 
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;;une 4. A visit. to the pit :it 8:30 :1 . m. sho\\'C'Cl it to lie \'l'ry quid, l,ut 
full of coloring fro111 the r:t ius \\'dliug thl' walls. 

June 6. '.l'hc sulphur p:tt"h at t ho southeast rock b:111k seems to have 
in<•rC'1SC'(l. 

June 8. About 1:30 a . m. the " ·atchman at the hotel sawn ligl,t thought 
to have bec11 made by :i. falli ng metc.'or, followed a few minutes l:i.tcr by a 
shoc·k felt by ma ny persons in the vokano clistritt. 

A visit to the pit at 10 :-,:'5 a . m. sho,vecl little ch:rngc. A. fol\' rocks fr ll on 
1hc no1·th s ide, maki ng dust. Whl'rc a Rc·,·1ion of 1h:tt wall has lirnke11 a\\'a,V is 
shown the rounil C'tHl of a n old pahochoC' f·onguc abo ut 600 fret lielow the pit 
r im. D ustiness of the south wal l ind icates 1·cec•11t s lidi ng thl' rc•. :C,te:1111 vents 
:ire kss :wtivc. Dr.v spots 011 the southwest talus .ire c·onspi,·uous. 

J tme 10. At JO :1 . 111. the pit \\ as vcr,v quid and dr_v, an cl t he re was ,·c1·y 
little stcan1ing. A fr\\' stones \\c.'re heard rolling on tht' north and northt':tst 
sides. 'l'he <lr,v spots on the southwest tnlus c·o11 tinuc to be conspicuous. The 
large one up the cente r of the talus ste:i.ms, but those ne,n the foot clo 110t, 
but oviclcntly arc vcr.v hot. '.!' he coating of white salts has inneascd on the 
lo\\'c•r wall C'ast of th!' south\\'est 1·ift tunnel. At 10 :23 there \\·ns :t noisv fall 
of stc,11(.' :it lhC' soutll\1·cst. Dust from a slide 011 the northeast siclP \\':ts scf'11 
:it 1 p. 111. from the Obser vatory. 

June 13. Conditions at the vit npprarNl quiet. at 10 a . m. YestC'nl:1,v's rni11s 
have 111ndc \\'Ct spots in the JJil, most notiteable arowH1 the north\\·cst talus. 
'J'hc,Y :ne steaming. There is a greenish tint to the wall nt t he '"est end of 
the north sill, and the north talus is well sprinkled with l'Ccl clcbris. The wall 
ahovl' is Yl'I'\' red. O11e slick \\'as heard on the northeast sick. 

June 15. · Rtc:1m ,·ents at th!' pit were \\'Orking 111oclcr ntPl,Y nt 8:-Hi :1. m., 
f he l:trgC'st je t being 011 the 11orth WC'st talus. l\Lorc sl icles ha \'e otc·mrNl at 
the 11orth corner. J'etnlinr dark streaks lie at the top of the north talus, 
probably clue to wetness. 

Jtme 17. At JO a. m. no change was 11otecl in the steaming or the sol­
fatnrns. Some sto11es were heard rolling at the north sicle. At noon dust 
clouds stinccl up by the strong \\·incl were seen from the ObscrvatoT,v to be 
high a nd thick over the desert, gi\'ing a smok~, appea rance. 

June 19. Solfataras appeared brigh ter at 3 :30 p. m. ThC'rc hnvc been 
aclcl itionnl slides at the 11orth. 

J une 21. From the Observaton- much dust from sl ides was scC'n over t he 
northeast r i m of the pit around 0 °: 30 a. 111. 

J une 22. A visit :it :50 n. m. diselosc(l J1cw grny dC'br is lyi ng nt the foot 
of the wall between the no1·theast and north-nor theast talus slopcs. Sl ides 
have been less frequen t on t he north \\'all, and white snlts ,'ll'c forming there. 
Sl ides were notccl north, west, and southwest duri ng this visit. 

On th is da.v erac.ks back of the east r im were seen to have \\-ide necl per-
ec.'ptibl,v. -

J une 23. A high wind blew, and dust clouds obscured the desert nil cla,Y, 
J une 24. Steaming was cnly Yer_v slight at all the vents, only one of which 

was active on the laYa floor, nt tl,e center. There was a d usty slide nor th at 
10 a. m. 

J une 25. A count on this day showed se,·en sizable steam jets in the pit, 
ns folloll's : Center of north\\'est talus, top of nor th-northeast talus, three on 
south-southeast talus (one of which has a large sulphur patch), small on!' at 
southeast rock bank, with sulphm, and the one at the sul phur patch on the 
south talus. Xone of these works wit:J1 any vigor. 

A circuit o: the pit showed sc,·l'rnl ne\\' fr::ictures in the grnund back of 
t he northeast rim, containing much heat. :N'ew cracks were also seen back 
of the nor th r im. 

June 26. A la rge slide south\\'est was reported occurring at 3 p. m. 
June 27. Some stones fell from the north ,rnll at 11::25 a. m. Dm·k wC't 

stl'C':iks \\'ere seen around the uorthwest talus, wllit h \\'C't'C' steaming. 
J tme 28. Dust from a slide nt the north rorn!'t' rose nt 3 :0:'\ p. m. 
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J un e 29. 8te:un vents were 111ore a ctive on the southwest talus, a nd there 
was new red <l i rt on t he south -southwC'f.t talus :rnrl below the w:dls arou nd t·h,• 
11o rth ta lus. '!'he pi t was quiet, on ly two fa lls otcul'l'ing during a vi ·it about 
2 p. m. 'l' hc oclor of spic·y s ul phur was reported at the southeast st:ition at 
] 0 : •iQ fl. I ll . 

June 30. A l:n-ge clust cloud fro111 a sl icle northea st arose from t he pit 
at 0:45 :I. Ill. 

SEISMOMETRIC RECORD 

'fh c rc we re 45 local earthquakes ancl two teleseisms recorded on the Ob­
servatory se is mographs cl uring the month en<lecl at midnight June 30, Hl:!7, 
'!'hose a nd other phe no111e na ,11·0 listed below. The time used is Hawaiian 
f-ltanda r d (time meridian is 157° 30' W.) 1 wltich is 10 hours and 30 minutes 
slowC' r than Gr eenwich Time. 

'fhe greater 11 u111ber of t ho very feeble local shocks counted in t ho list 
make s uch 111inute records that tho cha racter of the disturba nce i s not always 
appare nt . Some a r c true earthqua k es; e the rs are per haps the par ts of greate r 
a111plit ucl c of a continuous or prot racted tremor, which at other times may be 
too f ee ble to r ecord ; some seem to be records of vibrations set up by avalanches 
in the pit of Halemaumau . 

.Abbreviations usccl below a r e ~s follows : ,·f, v<'r.v feeble ; f , feeble; s , slight; 
m, mocler:1 te; cl, inst rume nts clism:rntled, fl, felt locally; 6, indicated distance 
iu miles. 

Local Ea.rthquakes 

.June 
1 6 ::10 :1 .111. vf. 
2 
3 
4 
6 
8 

10 

n 
13 

lJ :50 p.m. vf. 
7:44 p .m. vf. 
9:05 a.m . vf. 
4:32 a .m. vf. 
1:20 a.m. vf. 
1 :36 p.111. vf. 
3 :11 a.m. vf. 
9 :37 a.m. v f. 
2 :13 a.m. vf. 
!l:08 a.m. vf. 
5 :43 a.m. vf. 

11: 35 a .m. vf. 
1: 0.Jc p.111. vf. 

T eleseisms 

,June 
cP 
s 

June 
M 

2 
8 :52 :44 p.m. 
9 :02 :57 p.m. 

16 
:0.Jc p.m. 

H a r monic Tremor 

H 

15 
16 
17 

] 

19 
20 

21 

7:2:l a .m. ,·f. 22 7: l 8 a .m. vf. 
4:33 p .m. vf. 24 5 :54 a.m. vf. 
5 :46 p .m. vf. J0 :45 :1 .lll . vf. 

10 :58 a .m. ,·f. 3 :14 p .m. vf. 
0 :00 a .111. vf. 6:20 p.m. vf. 
4:43 p .m. vf. 25 4 :59 a .m. vf. 
5 :02 p.m. vf. 11:27 a.m. vf. 
5:27 p.m. vf. 11:31 a .m. vf. 
5 :29 p.m. vf. 26 2 :32 p.m. vf. 

11:12 p.m. vf. 6:56 p.m. vf. 
3 :32 p.m. vf. 29 11 :07 p .m. vf. 
7 :11 a .m. vf. 611 30 9 :59 a .m. vf. 
4:36 p .m. Yf. J :40 p .m. vf. 
5 :48 p.m.Yf. 3:40 p .m. vf. 
6:09 p_.m. vf. 
G:10 p.m. vf. 
7 :02 p .m. vf. 6 25 

Distanc·e approximately 5,320 miles. 

Recorcl VC'n· fai nt :i ncl no ph:isC'S ronlcl b<' 
distinguished. 

This type of mo,·e111ent was not rC'corrlecl duri ng thC' month. 

M i cr oseismic Motion 

Mirroseisms ll'erc n orm:11 th roughout thC' mo nth. 
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Tilting of the Ground 

By weeks th is movement was :is follows, expressecl as :rngul:ir change :ttHl 
direction of mot ion of the plumb line : 

J une 1- 7 ............... 0 .,3 second XW. 
8-14 .. ... . ....... .. O. G " \VS\V. 

" l :'i-21. .............. 1 . :! " :::--IXE. 
'' 22-2 ............... 0 . 7 
" 29-.Tuly-!3 .. . ........ ,0 . :1 

" 
" 

xxw. 
NB. 

R. :.\f. wILso:,,, 
Topographic Engineer. 
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All exchanges, gifts to library, nows notes about Pacific vokanic nncl 
seismic events, and correspondence should be addressed IIA"WAUAN VOLCANO 
OBSERVATORY, Volcano H ouse, Hawaii. 

'l'he Observatory is operated by the U. S. Geological Sunoy, an cl its work 
is supplemented by the Hawaiian Volcano Research Assoc iation. 'l'ho main 
station is on the nor theast rim of Kilauea Crater. Suborclinato so ismog-rnph 
stations arc operated by thP Research Association under the direction of tho 
voleanologist in Kona and Hilo. 

'l'he Kilauea station operates horizontal pendulums of the Bosch-O111or i type 
:i n rl rereives timo b_y wireless from the Honolulu Navnl Stntion. Observatory 
Lat. 19° 25' 54.3" N .: Long. 155° ]5' 39.6" W.; E levation collar ]21.J..6 meters 
(3985 feet) . 'l' he Hilo, Hilea and Kona stations operate horizontal pendulums. 
'rheir seismog rams are sen t ·to the Obsen-atory. 

'l'he Hawaiian Volcano Research Association founded the Obsen·atory in 
1911, transferring t l,e plant to t he Go,·ernment in J919, bnt continuing coopera­
tio n in experimen tal "·ork by furnishing funds and npparn,tus a nd workers a s 
needed by the Government Volcanologist. It is a corporation under the laws 
of Ilawaii, governed by a boa1·d of directors, and financed by the subscr iptions 
nf its members nnil patrons. Its aims are iilentical with those of the Observa­
tory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
canologic specialists to Hawaii, and (3) 'l'o promote worldwide knowledge of 
volcanoes and ear thquakes and the fo unda tion of more Yolcauo observatories. 
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VOLCANIC CONDITIONS IN JULY 

Activity of H alemaumau 

The volcano came suddenly to life shortly before 1 a. m., July 7, with a 
quiet display of lava in Halemaumau pit. This was the first visible lava 
activity sin ce a similar eruption in July, 1924. Observatory officials believe 
that these minor lava. displays will become more ancl more frequent until 
.there is once again a lake of live lava constantly within the pit. 

The lava gave little indication of its coming. There were a few signs 
which might have been considerecl significant, but 1,hich were not recognized 
as such at the time. There was moderate northerly and easterly ground tilting 
fo r several da;v_s preceding the crnption, which appeared normal for the time 
of the year. The constant widening of cracks along the east rim of the pit 
seemed, after the outbreak, to be positive indication of increase of pressure 
under the crater floor, causing the rim blocks to separate. The main Kilauea 
rift line trends northeast-southwest, and avalanches prevalent from the north-
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east and southwest walls of the pit could have been considered significant, 
but wer e not because they r epre ent a norma l volcanic condi tion. Ref erellce 
to the Journal shows tha t t here was much activity of these walls d uring the 
iirst few days of t he 111011th and before t he lava made its appearan ce. 

Fume r ising from, t he p it, r eflecting the glow, was t he first sign t hat the 
lava hacl r eturned, and on visiting the pit observers fo und four beautiful 
fountains, whi"h were building a considerable Jake. The fountains wei-e in 
a line tending to tren c\ north east-southwest. The northernmost fountain ,1·as 
issu ing from a vent below the lak e level. It was thought by some to be in 
the same relative position as " Olcl li aithful, " active over a decade ago . At 
about the cente r of the pit was a small double fountain, back from the we t 
edge of t he lake, which later surrounded it. Next in line was a fountain 
which hacl al ready built a. cone, and for that reason was thought to ha1·e 
been the first · t o come into action . The so uthernmost fountain was ·ome 
distance up t he south-southwest debris slope. The positions of these fountains 
show in Fig ~9 . After about 24 hours, three of t he fo untains went out of 
action, l eaving only the southernmost still working, and thi one ceased on 
J uly 20. Ob ·en-atory officials estimate that the lava. in this eruption cle­
cr easecl t he depth of the pit by about 80 feet, most of this occurring on the 
first day ; and surveys show that the new floor coYers an area equal to about 
30 acres. The con() built by the south fountain rises about 50 feet above the 
sunouncling taJus, but is partially buried by fallen debris. 

l) uring the lava activity the pit wall were rather quiet, with little sliding, 
but with the ce.::sation of f1owing lava laro-e lides became very prevalent. 
On July 2± slides from the northea t wall were constant, and all day the air 
above t he p it was heavy with du t. The a,·alanching apparently came from 
a natural inwa1·d slumping of the wall due to decr easing pressure within 
the vol ·:mo, a condition resembling the great subsidence of 19:?-!. 

Percepti l le earthquakes at 11 :31 a . 111., Ju]y 29, ancl 2 :14 a. m., July 31 
together with the very active a,·ala.nching gave rise to rumors. of rene1,ed 
volcanic activity, but the lava clid not reappear. 

SUMMARY OF THE J ULY, 1927, ERUPTION OF KILAUEA 

By R. :ll. Wilson 

The eruption came ju t berore 1 a. m., July 7, and wa almo t wholly 
un heralded. Upon looking back there seem to be some events that might 
have been interprctecl as h::i.ving significance in announcing the coming of an 
cruptio11. The mo t like]~, s~'mptom wa the widening of old crack and the 
development of ne11' one on the main crater floor near and parallel to the 
no1·t heast rim of the pit. The marked opening of the cracks was first noticed 
on June 22, and progress of the movement was noted in the Volcano L etters 
covering the two weeks p1·eceding the eruption. There seemed to be more 
heat tha.n usual issuing from some of them. The development of cracks be­
came so pronounced that by the :first of July the nor theast rim of the pit 
seemed unstable, and it wa thought wise to warn visito rs away from thi 
dangerous part. At the time. this movement was taken to bo a natural result 
of the slow undermining that had been going on for months in the form of 
avalanching. Much of the sloughing down had been from the north wall, 
and had ea.ten back so far as to lea\·e t_he northeast wall almost coll\·e:x, 
t hereby taking from it the arch-like support of the natural concave form . 
P erhaps rnlatetl to these movements is the fact that on July 3 or 4 ome 
rocks were loosened from the roof of the small cavern call ed ''Pele' Bath.'' 
and fe ll to the floor. This cavern is within a few hundr ed feet of the edge 
of t he pit. 

Members of the Observatory struI were at work nearly all day a the 
edge of t he pit on J uly 6, the day before the lava ou tbreak, takino- photo­
g raphs and mea uring the 1Yidth of the cracks, yet nothing unusual beyond 
t he facts aboYe mentioned was noticed. The air ,,as exceptionally dear. 
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withou t a trace of blue haze. Th e clear atmosphere was pa1-t.icu larJ y 11 oticed in 
con idering the co11ClHions fo r photogra.phy. It was observccl, however, t hat 
stc::im ing at the usual vent was somewhat increased in volume, but not by 
any su h amount a to cause more t han pas ing omment, especially as t his 
is alw[lys the effect produced by damp weather. 'l'his clay was clear an cl 
clry, however. 

Tho statements made by many people who said that they had seen variou 
indications, more or less vague in nature, or had had hunches of tbe coming 
eruption, can fo r the most part be et a icle a worthless. Their prophecies 
\\·ore not recordecl before the eyent, and it is easy to prophesy after the 
event occurs. An intere ting recorded prophecy is that made by the guide, 
Alec Lancaster , as _far back as 1924. According to a letter written not long 
after the lava left t he pit in 1924, and now on file in the office of t he Hawai i 
National Park .Alec made th,o statement t hat it would be tin e years before 
t h laYa wo ul cl r etnl'll, and heil set th e time as July, )927 . This wa a very 
fortunate long-cli tance guc . A few days before t he eruption, t here was a 
r eport of a slight blue haze in the pit, but this was not see11 by any of th o 
r ogul::n- observers. At midnight of July 6 one of t he Kational Park employees 
stated that ho hacl loolrncl toward the pit and hacl see n or heard nothi ug 
unusual. 

Of real significance is the statement of Mr. Paul . L oomis, of Honolulu, 
who was staying at tho Kilauea Summer Camp. Mr. L oomi writes as follows : 

'' On the 11ight _of July 6th, Mrs. Loomis _ and th e writer drove over in our 
Chevrolet to the pit at al.iout 9:30 p. rn . W e parked om car at t he usual 
p lace ancl walked over to the J)i t . v\Te noticed a rroocl dea l more steam ancl 
sort of smoke ri ing from within the pit than usual. As tho ,dncl blew this 
steamy smoke in our faces, we no ticed a clifferent smell tha n on our p r evious 
trips. ·we also hea rd a rumlJlin g sound c11suii1g forth from t he pit. Th ese 
noise were not the same as when we hacl heard laJ1clsli clos befor e. 'fhe soun d 
is hard to describe, but seemed to t he writci· somethi11g like canno11s shooting 
off ill the clistanco. Mrs. Loomis r emark eel at that t ime about tho tmusua l 
noises, but, of course, 11ot realizi11 g this was the for runner of an erupt ion . 

"The writer wa s awakenecl by t he lady living in the n.cljoining cottage at 
th e Kilauea Summer Camp at about 3 :05 a. m. Not heh,g abl to sleep, she 
110ticecl the r ,c1 glow in t he sky ancl aw aken ed me. Th e earthquake occurred 
while I was getting clressecl, wh ich was probably aJ'0 trn cl 3:21 a . m. I took 
a mnchineful immediately 0YOr to t he pit. '' 

Up to the hour before the outbreak, tho seisruographs w ere r ecorcling 
noth ing more than the usu al very feeble local earthquak es without any varia­
tion in frequency or intensity from the general average ma.intain ocl for the 
six or eight prccoling months. There wa no sign of change in microseismi c 
motion , nor of abnormal tilting of tho ground. H anno1ii tremor was a bsent 
until jus t before the appeanrn ·e of the lava, exr<'pt fo r a very feeb le trace 
begin ning at 10:fi:j p . m., Jul.v 6, nnd lasti ng ]7 minutes. 

'l'hu there was nothing observccl that Juul definitely point cl to a n imm i­
nent eruption, no r was there even anythi ng that had Leen enough unusual 
so that an imminent eruption v,a suspected. 

Th o first <lny of the outbreak was by far the mo t spectacula.r, a ncl t ho 
fi rst hour of flow proclucecl rnughly 50 per cent of i!ll tho Java pourecl out 
clm·ing the eruption. The u cceecling clays were mer ly a co ntinuation of 
mi ld activity ancl lava outflowing from th e outhwest cone. 

Th e seismo.logical accompnnimc,1t to the eruption was ronrnrkably apa• 
thctic . Th em seemed to be no seismic preluclc, unl ess the shor t, 17-minuto 
period of harmonic t remor, a bove mentioned, may so be eonsiclerecl. Th ere 
was but one percep tible earthquake, at 3 :21 a . m., July 7, a ncl only 24 hours 
of harmonic tremor as evid ence of the eruption. In oth er respects, the sc-ismo· 
graphs showed neith er in crea e nor cl ecr onse in frequ ency or intensity of the 
usual very feeble lo cal movements. Tilt clming the two w ee ks p1·ececl ing t he 
eruption had accumulated moderately to the north . Ou July 8 the trend of 
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tilt changed rather abruptly to the northwest, which dh-ection was maintained 
throughout the clays of activity and for some time thereafter. The amount 
of tilt was at all times moderate, and 'was not enough different from normal 
to have attracted notice were it not for the eruption itself. Measurements of 
the cracks around the northeast rim during and after the eruption fa ilecl to 
show definite widening. 

The description of the eruption, given h ereafter in journal form, is a 
compilation of notes supplied by a number of observers. R. M. Wil~on and 
R. B. Hodges of the Observatory sta.fl' have to thank Mr. R. I . Baldwin of 
the rational Park Service, Professor Paul Kirkpatrick, Mr. P . S. Loomis, 
and many others for th eir kind assistance in this r espect. 

JO URN AL, JULY, 1927 

July 1. An avalanche on the northeast side was obser ved at 8:45 a. m. 
from the Uwekahuna Museum. '!'he odor of spicy sulphur was noticeable at 
9 :05 a. m. on the east side of Halemaumau !lit. The cracks in the ground at 
the 14-tou bowlder have wiclened to such extent that the sign attractil1g 
visitors to the bowlder were remov ed. 

The pit was quiet, and steaming was slight. New gray debris was seen on 
the northeast talus at 11:55 a. m. 

July 3. Dust from slides filled the pit in the late afternoon. An avalanche 
from the northeast wall was seeh at 2 p. m. 

R. B. Hodges, of the Observatory staff, and Dr. G. H . Diek e, physicist of 
tho University of Leyden, made a trip to Mauua Iki, the Kau Desert :flow 
of 1920 from Halemaumau. The many hot spots of this big pahoehoe lava 
mound are still noticeable by their ru ty appearance, and are too warm to 
sit upon. A favorite stunt of hikers i to toast lnead upon them, or to 
scorch post cards. Paper thrust into the steam vents ignited almost imme­
diately, but green sticks would only scorch. 

July 5. A visit to the pit at 9 : 15 a. m. sl1owecl evidences of slicles at the 
southwest rift tunnels, and rock coulcl be heard trickling there. Large gray 
streaks, showing the cotir e of rock falls, were on the south-southwest .talus, 
three of them reaching to the foot . Cracks at the southeast rim have widened 
slightly. The north wall has £re ·h scars from slides. A ledge at the south­
east rim has settled so a to move the rock. considerably, and th e north east 
wall has been avaJanching. Tho crack at the 14-ton bowlder has ""idened 
so as to allow the trail crossing it to be swallowecl up, and there are many 
small fresh surfa e cracks neaxby. The great blocks of the rim on the 
northeast side also show movement. A mall new crack has formed in the 
ground at th e south rim. 

July 6. The pit seemed ver~- quiet at :40 a. m. Steaming has increased 
slightly, especially at th vents on floor. 

Thi11Jd11g that the steadiness in th widening of the cracks ma.y prove 
interesting, 15 points for routine measureme11ts \\"ere marked aud measured 
along the east r im. 

July 7. Liwa came into the pit a few minutes before l a. m. The exact 
,time is not known, but the various 1·eports do not greatly differ. The night 
watchman at the VoTcano House was making his rounds at the hotel when he 
noticed a glow at the pit that grew b righ ter as he watch ed. This was probably 
about 12 :50 a. m. H e awakened p ople at the hotel, and Mr. James Tsuchiya 
spread the news of the eruption in t he immedia.tc neighborhood. At the 
Kilauea Military Camp the glow wa noticed a few minutes before 1 a. m., 
and occupants of some of the summer cottages observed it about the same 
time. As nearly as it may be estimated, the glow must have first begun to 
show at a.bout J.2 :45 a. m. Car soon began to hurry to the pit, the fir t ones 
probably getting there between 1:30 and 1:40 a. m. There were but few 
clouds in the sky to reflect the glow, yet at the Volcano House there was 
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ligl1t enough from the volcano to read small pl'int; and the crashing noise 
of the fountaini11g lava cou]cl be plainly h ard. 

,vithin the pit there wern three large fountains of la.va, and a smaller 
clouble one, all spouting energetically into the air jets of bright incandescent 
lava. The three larger fountains were about 125 feet in h"eight, as judged by 
comparison with t he depth of the pit, ancl by noting the time of fall of some 
of the shred of lava from the tops of the fountains. The thundering noise 
of the fountains, which ma.de it necessary for the observers to speak loudly 
to one another, gave evidence of t he volume of material that was being 
thrown out by these jets to fall so heavily back again. Back from the edge 
of the pit there was little wind, but at the edge there came occasional 
vigorous convection • whirlwinds, bringing with them suffocating sulphurous 
fumes, whfr.h m1ule everyone retreat in liaste. For the most part, however, 
the fume. clouds ro e from the outhwest side of tho crnter. 'rhe spectators 
standing at the southea t tation, at the end of the trail lrom the auto 
parking space, were thus afforded a clear view in comfort most of the time. 
'rhe intense heat was pleasing in the cold morning air. 

Even ·within this hour since the beginnb1g of the ntption, enough new 
lava had come from these fountains to completely cover the old floor of 1924 
lava, anrl the molten lake was in contact with the talus slopes all the way 
around the bottom of the pit, an area of about 25 acres, e timated about 
30 feet deep. The four fountains were neru:ly in line (see Fig. 29), suggesting 
vents from a rift running acros the northeast-southwest diameter of the pit, 
which i very nearly the line of the 1920 rift cracks. The southwest fountain 
was part way up by the so ut h-southwest talus slope, at an elevation of a.bout 
120 feet above the lake level, and just under the 1920 rift tunnels. A river, 
]5 to 20 feet wide, ran from it clown to t he Jake. The next fountain, 600 feet 
farther northeast, was lower cloW11 near the bottom of the big southwest 
talus, about over the position of the old buried 1924 cone. This vent was 
about 30 feet higher in elevation than the lake level. Two rivers, 10 to 15 
feet wide, were feeding the lake from this fountain . There seemed to be 
more spatter thrown out here than around the others, and a cone had already 
started to form, so that perhaps this was the vent where action first started. 
Th e small twin'. fountains were in action about 200 feet east of the one last 
described. Th ey were just at the edge of the lake, at the foot of the south­
west talus. Th en, some 800 feet to the northeast, was the third large foun­
tain, which was near the foot of the north-northeast talus. Its source was 
below the lak e level, so that its gushings eame up through the surface of the 
lake. The fact that its convulsions causecl visible waves to cross to the other 
sides of the lake gave evidence as to the depth and fluidity of the impounded 
lava. The lake showed the usual crac.ked surface, with occasional minor 
bubblings, and seemed to be slowly rising equally in level over its whole 
area. 

During t he early morning hours the lake continued to slowly rise, but not 
at any such rate as during the first hour or two. The sky began to cloucl 
over, and about 3:30 rain commenc d to fall. 

Inspection of the seismograph records showed that harmonic tremor began 
at 12 :32 a. m., possibly representing the time of outbreak of the lava, though 
the time already stated above seems more probable from the data supplied 
by those who fo·st saw· it. At 3 :21 a. m. there was a moclerate earthquake, 
felt not only locally, but generally all over the island. Its indicated distance 
was 35 miles from the Obse1·vatory. The shock awakened the people at the 
Kilnuea Summer Camp, who had slept through two hours and a1 ha lf of the 
eruption, so that while t hey were the nearest to the pit, they were the last 
of those in t he volcano district to arrive at the scene. The harmonic tremor 
continued all day. In other respects the seismograph records were of normal 
character. 

The coming of daylight showed heavy clouds of fume and steam above 
tho pit, empha si¼ed by the drizzling rain and fogginess of the weather. Thero 
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soomcc} t o b • very little avala11ching, probably no mo re t han n orm al. T he 
custo m::ny steam ven ts on t ho wa ll a ud t aluses · omed to be in no mor e 
th:1.11 n orm al action. rcw Pe lc' Hair could be fo und a r ou nd t he edge of t he 
pi t, fo r111 ccl by t he fo untaini11 g b va. 'l'he convection whiTls a l o suck ed up 
smal l pieces of very light frothy spatte r, wh ic.h c·ould also bo fo und a rouml 
the r i111 of t he p i t . W ith dayligh t t il e w i11 rl b ,,,,m to blow, ·:mcl the spectators 
fo un cl t he 1rrist., sand, n nrl f ume caniecl by t he 1d11cl iucreasingly m1comfor t:1ble. 

'!' here was li ttle cl1ange i n activity t ill ·afternoo11. Surveys wer e made 
about 3 p. m., s howi ng t ho lake e leva ti on to be 2,-! 0 feet above sea level, 
usi11 g as datum t ho mo t r ecently cletcrmin ed olevatio11 for the tablet at t he 
so ut h nst station ( near t he ' ' H al emaurn a u '' sign) as 3,651 feet. T he lake 
was 11.pparen tly 11 0 longer ri si ng, and act\vity seemed licrht1y diminished. 
At about G p . m. the small t win fountains d ied out, lea.Ying a pair of small 
spatter co11 es ·tancling at th e eclge of t ho Jake. 'r oes of lava contiuuod to push 
out around t ho lake shores. There wer e several sma ll avalanches during the 
afternoon. L ittle rain fe ll in t he afternoon, b ut the weather continued cloudy 
an d windy. 

It is ost im atecl t hat t here wero 40 or 50 pectators at Halemaumau within 
a n hou r after t ho outbrea.k. In tho evening, when people hacl as· >mbled fro m 
greater di t:mces, t here wer probably a thou and people p resent. 'l' he e ti• 
mate of t he S uperinten den t of Hawaii National Park i · 1, 00 iudiviclual 
visitors dmiug the day, but many of the o p ople macle several separate 
trips to th e pit. 

July 8. Tl,e sei mograph records show th lrnrmonic tremor to have facled 
out at abo ut 1:25 ::i. 111. It reappeared at occa iona l i11tervals fo r a few 
mi n utes at a time dming t he clay. Observers at the pit until 1:30 a . rn. re­
ported that t ho three fo untains, now more properly called ·ones, were still 
very act ive, but had begun to show igns of weakening. 'l'h fi rst new arrivals 
ou tho s ene in t he morning at daybreak found only th south we t cone till 
active ; t he other two having died out during the early mor ni11g hours. The 
southwo t cone seemed to be as active as Yer, thro wing large splashes towaJ·d 
t ho north, and upplying a vol uminou st ream of lant. 

'l'he lnlce had sub. iclocl, the hard nel crust collapsi11g about 15 feet over 
t h whole area, leaving a hore line bench all around t he perimeter at t he 
hig h 1 vel mark of yesterday. This bench, due to collapse, wn much like 
t hat left in 1921 in t ho ba,v of the main crater just so ut h of t he pit roacl. 
'l'he lava from tho soutln\·e t cone was running out on top of th is coll apsed 
lake su rface, beginning to form a, clelta. T hero was still ome liquid lava 
!Jen ath t ho crust, however, a it would occasio11al ly ooz out of the surface 
cracks, and all of the uack glowed visibly b right reel in claylight. 'l'ho large 
con e, ai,cl t he two small tw.in cones at tho foot of t ho southwest talus, were 
standi ng as t heir last gush of lava bad left t hem, t ho spatt r around the 
lnrger 011e showi11g that its life had ended supplying only 011e stream of lava 
instead of i ts original two stream . There was no g low visible in the throats 
of t hese cones. T he no rthea t vent left no cone. It was below tho lake level, 
:ind t he lnva in t he la.kc probably iiowecl over a nd effa ell its surfac vi­
dences. Only a sector of spatter on the neighboring tal us served to show its 
pos it ion . 

Sm·yeys made a bou t 9 a . m. ga\'e the ame general elevation for the shor e· 
li ne benc h t hat had been secured for t he lake elevation during the afternoon 
of the day before (2,4 0 feet), sho ,\'iug t hat ther e li ad been practical]~· no 
fu r ther r ise i n t he l ak e since thnt t ime . 'l'he el vat ion of the summit of the 
netivc southwest ·cone was 2,60 :2 feet, ancl tho summit of the large cone at 
t ho foot f th e so ut hwest talus was 2 543 feet. Points located in l)osition 
aro und the perimete r of t be new htnt made possible the computation of th 
a rea covcr ccl by t he la ke, co 11 cs, a n d patter, :lQ acre. being the result. Refer­
r in g to the photograph tnken on the morn ing of t he 7th (Fig 29): From A 
to B is 1,760 feet i n distan ce, a nd X . 53° B. in bea r ing. From C to D is 
1,-120 fe t, aucl S. 33° E . 

66 

• 



• 

F ig. 27. July G, :1927. 'o u thll"c t 1,·all of ll :1IC' 1n aunrnu, sho win g mouth of. K:iu Dese rt tunnel t ln·ough which lava 
clr:1i11cd in 1920 to form Mauna Iki, :ind (lower center ) st rea ks mad e by t umbl i11g bowlders on talu slope. Photo 
Wi lso n. 



}'ig. 28 .. Tu ly 0, 1!127. Korth wall of H:1 lc111a umau, showing gn' :it northe:1 s t .. ill an(l l ' wokahu11:1 01,serYatory :111<1 
i\-lns('11111 o n <·1·:itrr 1·im i11 th e b:1 ,·kgro 11 nd . Photo '\Vilson. 

· --~ { ..... 
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l•'ig. ~! J .• 1111 .,· 7 , l!l:!7; ., :1. 111. 1<'1001· of ll:1 h ' 11i:11111H111 , .· h wing 1·1i1v of four fo11 11! :1i11 ~ :111 d l:1k l' . l'h c,fo \\' il ~n11. 



l!~ig. ::10. 
COll eS. 

Jul y , 1!)27 ; JO 
Ph oto 'Nil so n. 

a. lll. H :1le 111 1u111 nu bottom, showin g rfrC' r of l:i va from sou t h wes t cone a nd dead cente r 



The str eam from the co ne began to hu il(l a r oof, sometimes rnving in and 
so 111 et imcs choking up. Th e trcam, by thi action, separated a nd formec1 
two channels rluring th e afternoon. Action cont inued n-bout t he same dm·iJ1g 
t he afternoon nncl evening, and wa much less spectacular t han the cl ay be· 
fore . F um e i n th e pit wa th in. Perhaps t he high activity just follo\\'ing t he 
outbrcn k r<'p resents the release 0£ pressure on the lava co lumn wh en the lav:i 
finnll.v forced its way through· and the resul t in g efferv escen ce wns due to thi s 
r •I Pa e of pr ure. 

Th e num l er of individual vi iting the pit during th e clay wa s 775, nc­
rordi11g t o the National Park r ecord . T he afternoon " ·as partly clear, but 
the wincl was strong. 

It , i s r eported that on this day rork fell from th e roof of t he Thur ton 
Lava Tube in two place . 

July 9. At 9 a. m. the activity eeruecl about tho same a 011 the night 
before; the south we t cone wa till active ai1cl wa · b uilt up a little high er, 
ancl the view of molten laYa wa omewhat more obscured by increa ed roofing 
over the chann el from the cone to the growing delta. Fum wa · strong. 
Th e r eel crack in the collap eel lake were omewhat dimm ed, but the flow 
a ction on th e lope of the delta continued to be interesting, a the upply of 
lava from th e cone continuecl/ teadily. I n the eveni'ng the cone had n ea.rly 
eappecl itself over, but -the small opening in the top still gave a view of the 
Java surging ancl churning within. 'l'he flowing lava came :from t he cone in a 
as d-over opening welJ clown on the ide. Oeca ionally th e cap of the con e 

would be blown off, or would collap e, a nd at time in t he evening a pale 
blu e flame could be eeu coming from the opening. The clelta covered about 
one-third of the collapsed lake. 

The " ·eather during the day was increasi ngly r ainy ; th rainfall recorded 
from 8 a. m., July , to a. m., JuJ,v 9, wa 0. inch, and fro m 8 a. rn., July 9, 
to a. m. , July 10, wa 2.0 inches '£he official co un t of individual visitors 
during t h e clay was 675. 

July 10, Conditions at daybreak 11·ere es en tially the same as on the 
evening before. Th e del ta conti11uecl to bui ld up and cover more area. Th e 
river from th e con e w as open much of th e time, showing t he flow of fluid 
lava fo r a short dis tance. Occa ional avalanch e · were noted, but not more 
frequently than in norm al times. Th e cracks aro und the northea t rim showed 
110 wiclenin g . Fume was moderate, obstructing the view of details on the 
far wall of the pit. 

July 11. Inspection of the })it in t h e morning clisclosed the fact t hat 
during t he night there ha d been more t han usual outpou ring of lava . The 
area of the delta was considerably enlar()'ecl, so that now about two-thircls of 
the old, collapsed lake was covered. A small ection of t he river from the 
co11e was still open, ancl t he flowing lava ould be seen; aside from t his the 
only visible activity was th e slow pushing out of la v :i, toes at the bottom 
edge of t he delta. ulphur deposits began to appear at the edge of t he new 
floor behind th e two small cones. Th e steam vents seeemd to be 110 more th an 
n orm ally active; the el'llption a.ppar ently ha h acl litt le effect on the usual 
steaming places on t he high er parts of the taluses aucl walls. 

During the afternoo n the con e occasionally built a cupola over its top 
whi ch would as often fall in. A loud puning souncl coul cl b e h earcl. Th ere 
were few avalan che noted, a.ncl no cl bris had as y e t rolled out onto the 
n ew floor. 

·July 12. The lava acti,7ity during the clay was much t he same as on the 
clay before; t he del ta continuing to build itself out, the cone capping rmcl 
£alli11g apart a gain, ai1cl th e lnva river howing itself from tim e to time as a 
r ap id flow close up und er the co ne when the r oof of the chann el would cave 
in ancl expose it. Lava ll'rt S flo"'ing sl uggi hly in wid e, crustec1 chann els 11 oa r 

· th e top part of th e tl clta . 'l'h re ll'as ver.v li t tle glo\\' ,·isih lc from the Vofcano 
House i11 th e ev ening. 
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July 13. 'rhc southwest eone still remained active, a.nd sluggish movement 
was still visible on tho delta. Several photographs taken show the fume to 
have been so thin as to hardly interfere at all with clctails of the p ictures. 
Only a thin plume of smoke was rising fro m tho top of the con e. The delta 
was by this time cover ing the greater part of the laJ<.e, excepting the north­
west bay. (, ee Fig. 31.) During the afternoon almost continual small sliding 
and roHi ng of rocks from the ·walls was noticed. 

July 14. The flow of l::tva from the cone seemed uoithor to have de reased 
1101· in creased. W hen the cap of the cone collapsed, or was i.Jlown off, the lava 
could still be seen tossing within, and occasional reel-hot shreds would be 
t hrown out. The clelta continued to grow, though more i n depth than in a r ea. 
Patches on t he side of the active cone show reels an d yellows clue to oxidation. 

July 15. There was practically no change from the a.etion cxhil.Jited during 
the last two or three clays. luggish flow ou the delta continu ed, and the lava 
continued to boil up within the con e. In t he sluggish flows on the side of the 
delta, ccea~ion al i.Jloc.ks of ·ool crnst would up-en cl a nd sink into the pasty 
r eel mass beneath. T he flows on the clelti~ hacl iu crea eel it thickn ss to u ch 
a legrce t hat one of t he small twjn cones was practically b uried. 

July 16. '!'here was no change on this day in the continued sluggish 
action of lava comiJ1g from tho cone. One obser ver, vV. H. Vaughan, who liad 
spent a great deal of Iris time at the edge of th e pi.t, said that the activity 
shew11 by the cone was somewhat periodic in 1iature. T he lava seemed to 
gush forth ju greater quantities about once in every four hours. Also, the 
lava within t he rone seemecl to boi l more m,ergetica lly at about five-mi nute 
interval . 

Surveys mad e about 10 a. rn. show t hat the active con e ha.cl adclecl con ­
siderably to its height s ince it wa · last measurecl on J uly 8. Its elevation 
by this later survey at the top of its po inted cap was 2,643 feet above mean 
sea level, a gain of 41 feet. 

July 17. The flow of lava from t he con e seemed somewhat weaker on this 
clay, a nd there was but littl e activity visible in the pit. Occasional toes of 
lava were pushing out around t he edges of a very sl uggish flow on the delta. 
The cone was fuming constantly. At 10 · a . m. a very strong wind was blowing, 
ancl dust clouds in t he desert were heavy. 

July 18. The sluggishness of the flow was more npparent. An avalanche 
from tbe east wa ll cattered debris on the new floor of Halemaumau. It was 
possibl e from the southwest rim to look down into the throat of the south­
west cone and see there that the la va, was still tossing ancl boiling. 

July 19. During t he night an ine:reasccl flow of lava from the still a tive 
sout hwest cone sent a stream over t he tal us lope above the extinct cone at 
the bottom of the southwest ta lus, ancl eonn eetecl this area of new lava with 
t he northwest bay. This was the last addition to the a~·ea of new lava. At 
10 p. m the co ne was r eported still a tive, but ,rnak. 

July 20. During the forenoon there was only a slight amount of fume 
coming from the southwest co11 e. At 3 p. m., looking clown into its throat 
from the southwest rim, there was no longer any active lava visible. Tho 
t hroat of the cone was no longer even red hot, aucl there was b ut the very 
faintest trace of fume is uiug from it mouth. There was no sign of any 
other activity on the lava floor. 

July 21. There was no activity whatever at the southwest con e or on the 
pit bottom. The eruption has definitely ceased, though considerable glow was 
visible at nigh\ in t he cracks of the floor. 

July 22. At 1 :45 p. m. the oclor of spicy ulphur was noticeable at t he 
approach to the pit from the southeast. Falls of rocks from the north ancl 
wes t walls were heard. 

A large area of the new lava floor has collapsed on the south side. Steam 
vent in the pit appcnr about the same as before the eruption, exccr ting three 
new locations on the floor: a t the cone at foot of southwest talus, nt the edge 
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of the :floor at foot of northwest talus, and in the same position at the foot 
of the north talus. The latter has a sulphur patch. 

The dirt at the southeast rim shows some evidences of ground movement. 
July 23. At 3 p. m. there was a large avalanche from the northeast wall. 

Small avalanches were also observed during the afternoon. 
July 24. There was constant avalanching all day from the northeast wall, 

and the air all around the pit was filled with dust. A cons ic1orable tongue 
of debris has overlappec1 the new :floor, extending at its widest part just 
opposite the depression between the northeast and north-nor t heast taluses. 
The sulph ur patch at the edge of the ea t talus i buried by fallen material. 

July 25. The activity of the north ern walls has diminished, and at 10:30 
a. m. ther e wer e only occasional rock ]ides. The taluses and intervening de­
pressions are considerably built up. Two bowlclers low clown on the north­
northeast talus, which were landmark have been buried. Many small new 
cracks were seen back of the north-northoa t rim and old on e bowed widening. 

July 26. A new vapor jct on the north ea t talus was noti eel at 1 :45 p. rn . 
July 27. A visit at 3 : 10 p. m. showed that tho north wall of tho pit hacl 

been avalanching and there was new dobri on the north-northea ·t talus. 
'fho yellow sta.in on the southea t rock bank has gone. Tho sulphur pn.tch a t 
the foot of the east talu has reappeared. Avalanches in the evening were 
r eported. 

July 29. The north east mHl cast walls .had nrnny fresh scars at 11:20 a .. m., 
a nd new debris lay b low. Th e odor of i:picy sulphur was 11oticecl at tho north­
c11st rim. A few rocks foll from tho sou t h wall at 11 :25 a. m. Th e steam 
vents were quite active. 

:E'rom 3:20 tr, 3:30 p. 111 . noisy slides were seen from the Uwekah una Ob­
sen·atory, and there 11'::tS much dust. 

July 30. At 3:45 p. m . dust from a sliclo northeast was observed. 

SEISMOMETRIC RECORD 

There were 72 local earthquakes and t hre t eleseisms roconlcll on the Ob­
servatory seismographs luring the 111011th ended at midnigh t July 3], 1927. 
'f .hese aJHl other phenomena are Ii terl below. The time used is Hawaiian 
Stanclarcl (time moricliau is 157° 30' W.), which is 10 hours ancl 30 minutes 
slower than Greenwich Time. 

Lava appeared in the pit on July 7 for t he :first time in three years. 
E ruptions of Maunn. Loa ancl Ralrmauman are customarily arcorn panicd hy 
·eism ic clisturban e . In t his t,1se, ho-wevol', t he sei ·m ic cli turbanc e clue to 
the ernption seems to be remarkal ly sligh t . The e:uthqu,1k o at 3:21 a. m. 
on the 7th, coming about tll"O hours a.fter tho outbreak of l :ivfl, has perhaps 
·ome connection with the eruption, a lt.hough tho indi cated c1istm1ce is '15 miles. 
The harmonic tremor noted below is the usual nccompaniment to an outbreak 
of lava, but in this ease either stopped 01· became too feeble to r ecord after 
the first two clays of the eruptio11 , even tho ug h lava continue:! to flow into the 
pit fo r a number of days longer. The gro up of perceptible earthqu akes near 
the encl of tho month may have had some eo nn ectipn with tho encl of the 
eruption, perhaps representing colla pse upon the r etirement of the Javn . 

The greater number of tho very feeble lo al shorl,s co unted in the list 
make such min ute recorcls that the cha racter of the disturbance is not always 
apparent. Some a.re true C'arthqakcs; others are perhaps the parts of greater 
ampli tude of a continuous or protractocl tremor, which at other times may l e 
too feeble to r ecorcl; some seem to be recorcls of vibrations set up by avalanches 
in the pit of Ha.Jemaumau. 

Abbreviations used below a re as follows: vf, very feeble; f, feeble; s, sl ight; 
m, moderate; cl, instruments dismantled, fl, fe lt lo ally; 6., indicated distance 
in miles; *, continuous tremor. 
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Loca l E arthquakes 

J uly 
1 12:2 ::1. 111 . vf. 
2 4 :23 p.m . vf. 
R 5 :18p.1n. vf. 
5 12 :01 a.m. vf. 
6 5 :03 a .. m. vf. 

5:4 a.m. vf. 
7 :54 a .m. vf. 
2 :45 p.m. vf. 
2 :46 p .m. vf. 
7:54 p.m. vf. 

10 :55-11: 12 p.m. vf. * 
11:46 p .m. vf. 6, 55 

7 3 :21 a .m. m. 6, 35 fl. 
4:04 a .m. vf. 
5:49 a .m. vf. 

8 11 :35 a .m. vf. 
9 6:46 p .m. vf. 

10 8 :29- :33 a .m. vf.* 
10:35-10:38 p .m. vf.* 

11 11 :57 a.m.-12:02 p .m. vf. * 
1:39 p.m . vf . 

12 5:40-5:43 a .m. vf. * 
5:4 a .m. vf. 
5 :56 a .m. vf. 
6:15 a.m . v f. 
5 :00 p.m. vf. 

Teleseisms 
July 3 

L 'I L :15 a .11 1. 
J uly l4 

L 'I 1:35 p.m. 
J uly 28 

L 'I 5:55 a .m. 

Harmonic Tremor 

13 !J ::lO a.u1. vf. 
12:50 p.m. vf. 

·1 : -19 p. m. vf. 
2 :05 p .m. vf. 
2 : 07 p. m. vf. 

H 6 :34 a.m. vf. 
7: 04a.m. vf. 
7 :0 a .m.vf. 

1.- 12 :10 a.m. vf. 
2: 15 a.m. vf 
5: 36 a.m . vf. 

16 11 :36 a .. m. vf. 
17 5:0 l a .JD . vf. 
18 12:14 a. m. vf. 

2:45 a .m. vf. 
J :36 p.m. vf. 

19 3:06 p.rn. vf. 
6:20 p .m. vf. 

20 4 :22 p.m. vf. 
4 :23 p .m. vf. 

21 3 :29p.m. vf. 
22 4 :31 p .m. vf. 
23 5:17 (LID . vf. 

1: 17 p .m. vf. 

Very feeble record. 

Vc1-y feeble r ecord. 

Very feeble record. 

2...1: G:03 :=t. 1u.. v f. 
6:05 a.m. s. :fl. 

Jl:56 a.JD . vf. 
3:4 - p.m. vf. 

25 1:44 a.m. vf. 
2: 07 a.m. s. 6, 25 fl. 
2:1 a .m. vf. 
6 : 13 a.rn . s. 6, 28 fl . 

11 :2 a.m. vf. 
11:56 a.m. f . 
12:01 p.m. vf. 

6 :29 p.m. vf. 
7 :42 p .m. vf. 

26 l :_9 a .m . f . 
4: 10 p.m. vf. 

2 6 :33 a .m. vf. 
12 :09 p .m. vf. 
3 :07 p.m. vf. 

29 5 :19 a.m. vf. 
11 :31 a.m. s. 6, 39 :fl. 

31 2: 14 a .m. f. 6, 16 fl . 
2:20 a.m. vf. 

ontin uous harmonic tremor b gan rather ·clcfinitcly at 12 :32 a. m. on July 7. 
It continued without a b r nk, although with very feeb le intensity, until the 
early morn ing of Jul.v By 1 :25 a. m. on th e th it had begun to fade out. 
to such an exten t that it was rctorrl ecl 0111.v at intervals during the r est of tho 
d:1v. On t he 9th :no harmonic tremor appeared on the r ecord . The eontiuuon · 
trn mors noted in the table a bov e on the 10th, 11th, ancl l~th wore per lHIJ)S 
temporary r ecurrences of harmoni c tremor of ufficient iuten ity to be recorded. 

:Microseismic Motion 
Microseisms were normal througl1out the month . 

Tilting of the Grotmd 
By week s this movemen't w11s as follow , expressccl a8 a ngula r "h;rn gc ancl 

clirnct ion of motion of t he plu mb l ine : / 
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June 2-9-Jluly 5 . . . .. ... .. ......... 0. 3 see on 'I NE. 
July 6-]2 ..... ........ . ......... 4.0 " lIN \-\T. 
'' 13-19 . .... . .. . . . . .. . .... .... 0.7 '' ~T\V. 
" 20-26 .. .. .. ... . .. . ...... . ... 0 . -! " WNW. 
" 27-Augu t 2 ., ..... .. .. .. .. .. . 0.6 " Vv. 

R. M. WILSON, 
Topographic Engineer. 
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All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and corre pondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii. 

'l'he Obser,atory is operated by the U. S. Geological Survey, :rnc1 its work 
is supplemented by the Hawaiian Volcano Research Association . The 111 ain 
station is on the northeast rim of Kilauea Crater. Suborc1inate seismograph 
statioi1s are operated by the Research Association under the direction of the 
voleanologist in Kona and Hilo. 

The Kilauea statio11 operates horizontal pendulums of the Bosch-Omori type 
and 1· ece ives time by wireless from the Honolul u Navnl Station. Obser\'atory 
Lat. 19° 25' 54.3" N.; L ong. 155° 15' 39 .6" W.; E levation cellar J 21-!.6 meters 
(3985 f eet). The Hilo, Hilea and Kana stations operate horizontal pendul ums. 
Their seismograrns are sen t to the Observatory. 

The Hawaiian Vol cano Research Association found ed the Observatory in 
1911, transfening the plant to the Government in 1919, but continuing coopera­
tion in experimental work by fmnishing f unds and apparatus and work ers as 
needed by the GoYernment Volcanologist. It is a corporation unc1e,· t he laws 
•of Hawaii, governec1 by a board of directors, and financed by the subscriptions 
o.f its members and patrons. Its aims are identical with those of the Observn· 
tory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
canologic specialists to Hawaii, anc1 (3) To promote worldwide kno\\'ledge of 
volcanoes and earthquakes and the foundation of more volcano observatories. 
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VOLCANIC CONDITIONS IN AUGUST 

Activity of H alemaumau 

Vol can ic conditions were very much the same as cl uring the mo nt,h: prccecl­
ing the July eruption. 'l'ho pit w11s closely watched for any r eturn of laYa, 
lrnt the flow was not renewed. Avalanching was frequent all arnm1d the si les 
of the pit, but mo tly from th e north and northeast walls . 'l'hey may have 
lJCen clue to a release of t ension following the subsicleucc of pressure under the 
crater floor . Perhaps the large t ll'as one from the nor t h w:ill which accom­
panied a.u eai·thquake a bout 9 :42 a. rn ., August 3. There was another, but 
lighter, perceptible earthquake at 9 :40 p. m., August 1. 

Within the pit wern a few spots, in cracks of the floo r, which glowed dur­
ing the fi rst part of the month. 'l'hc southwest cone, which contributed to 
most of the activity in J uly, neHher f umed no1· steamed, but 1·emainecl wholly 
quiet. Occasional slides would pil up debris arom1d its flanks, and it is only 
a question of time when the cone ,vill be tota1ly buTied. Th e micldle cone 
steamed infreq uently, and white and yellow stains formed a1·oull(l it. The stains 
extended also along the cracks in th e new floor. 1 
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Frnm time to time, depending 011 t he air cu rrents, tlte odor of picy s ulp hm 
was perceptible at points near t he r jm of t he 11it, lrn.vi11g come from sulphur 
spots on the talus slopes. 

Cracks along t he east rim of the pit, which showecl steacly n10Yeme11t pri or 
to the J uly eruption, wer e measured occasionaUy, b u t they showed little change. 

JOURNAL, AUGUST, 1927 

August 1. At J p . m. clust from a slicle on the northeast srne of the pit \\"a s 
seen from the Observatory . 

August 2. At 4 p. m. a cloud of dust rose from the north east rim of the pit. 
August 3. A cil' ·uit of the pit was made, nncl several rock falls were noted, 

mostly from tho north and nor theast 11·nlls. 'l'l1e most notable slide was cau ed 
by a per ceptible earthquake at 9 :45 a . m. Dming the early afternoon much 
dust from ]j diug debris nort l1 east 11·as seen, probably caused mo tly by men 
dropping sto nes over the rim . 

'The earthquake started a rumo.r in Hi lo that the volci1110 " ·a again acti\"e. 
August 5. At J 0:20 a . m. there was a large aYalanch c and du ·t tloud at 

i11e 110rthen, t . At 11: ] 5 a . m. a Yis it to the pit fou ncl it comparati,·el~• qui et, 
t hough thc1·0 wer e several new scars. 

August 7. There wa · dust from a slitlo n rtheast at a. m. 
August 9. ~ he pit was very quiet at 10 :30 a . m. Fresh s<:ar ho,,·etl on 

t h • 11or th ::ind JIO rtheast walls . also white stai ns on the l:n·a floor at the foot 
of the southwest t:ilu . The cast ancl southeast walls ha,e heC'n peeling. The 
o lor of spicy ulphm w:1s strong nt t he n orth r im. Th e north tatiou ha been 
cani ed away l y an avala nche. A circuit uf th pit was made. 

Au gust 10. T he wind was very strong, lrnt a few stone were hcarcl falling 
on tl1e northeast si c1P, ,rncl du. t \\"as seen there during a \"i it ahout 9 :40 a. m. 
'l'hc ce nter of that w::ill is dark eo lorc<l, perhaps from wetne . _,\l10ut 2 p. m. 
t here wa dust from sl i lcs 1101·thcast. 

August 12. Aro und 10:::10 a . m. rod, · were hC'arcl falling ea t. uortb, nnd 
11o r t lnvcst; ne11• clirt l ay on t he north-nor theast talu . and there were new cars 
north an d northeast. 

August 15. 'J' hc pit w:is Yisitecl fro m Hl:10 to 10:30 a. 111 •• hut no new changes 
wore noted. A few rocks fell west, au (l while stain seemed to he formin g ·on 
t he north and 110rtheast wall s and inci-ea si11g on the hl\"a floor at the outhwe t 
talus. Steaming wns the same. 

August 17. The p it was q uiet at 10:20 a . 111 •• aml ,ery little team wa 
issuing. !ides from t h o nort l, ast talu ha,·e overlapped the new lava floor 
con iderably. 

August 18. A cii-cuit of thC' pit was made from 10 a . m. to noon. The odor 
of spicy ·ulphur was 11oticeahle at t·hr fourteen-ton bo,\"lder on the ea t rim 
and at th e 11ortl , rim. A few s lid!' Wl're notrd. 

August 23. Tho on ly changes in the pit een at 10 a. m. ,,·ere increase of 
salt coatings 011 t he north and northea t wall . iucli ·ating little sliding ther e ; 
a11cl more yellow and white stains on the floor. teaming wa veTy slight. The 
crack at t he southeast rim station has widened. 

August 24. At 9 a . m. the pit wa quiet, with no change except incr ease of 
teaming du e to wet -''Cather. 

August 27. A visit al ou t 11 a . 111 •• tluring a strong northeast wind, fotmd a 
few n w scars on th 11orth and northeast walls ancl an incr ease of white stains 
on the floor, especially along its east edge. teaming was very moder ate. 

August 28. An ear thquake about !J:10 a. m. wa of su-fficie11t intonsit/ to 
shake windows at the Ob ervatorr, but otbcn,·ise was 11ot 11oticeable. A visit 
to t he pit at 2 :30 p . m. showed broken white- tained rocks on the northern 
taluses. At 3 :10 p. 111. a la1·ge avalanche dust cloud rose from the northea t 
corner . Two ju ··t before were reported by observers on U,1·ekahun a bluff. 

August 29. At 11 :40 a. m. all the north and east area of th e pit wa • lilied 
w ith dust. 
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August 30. Sliclcs were occurring northeast about 9 :40 a. m. '.l'hc southeast 
lNlgc is partly gone. 'l'he w ,t wall is . trraked full length from a sli cle. 

August 31. Crncks have wiclcnecl at the northeast rim. Fe,,· slicle today. 

SEISMOMETRIC RECORD 

There we1·c 75 Joe.al earthquakes ancl three teleseisms 1·ecorc1ecl ou the Ob­
servatory seismographs cluring the month encled at midnight August 31, 1927. 
'rhese aucl oth er phenomena are listed below. 'rhc time used is Hawaiian Stand­
a rd (time meridian is 157 ° 30' W .), which is 10 hours and 30 minutes slower 
than Greenwich Tim e. 

Tl1 0 greater number of the very feeble local shocks coun ted in the list make 
such mi11ute r ecords that the charact er of the disturbance i not always appar­
ent. Some arn true earth.quakes; others are perhap the parts of greater ampli­
tude of a continuous or protn1,cted tremor, which a t other times may be too 
feeble to r ecord; some seem to be r ecords of vibrations set up by avalanches in 
t he pit of Hal ema umau. 

Abbreviations used below arn {IS follows: vf , very feeble; f, feeble; s, sligh t; 
m, moclerate; cl, instrum nts dismantlell, fl, fe lt lo cally ; 6 , inclicate(l distance 
in miles ; *, continuou tremor. 

Local Earthquakes 

August. 
1 8:40 p.m. f . 6 15 fl. 
2 2:34 a.m. vf. 

2:36 a .m. vf. 
2:38 n.m. v f . 
2:40 a .m. vf. 
2:41 a .m. vf. 
9 :37 a.m. vf. 
4 :30 p.m. vf. 

3 9 :42 a .m. m. d. fl. 
9:57 a .m. vf. 
8 : 32 p.m. vf. 

4 6:16 ·a .m. vf. 
6:19-6 :23 a .m. vf. * 
6 :2 p .m. vf. 
8 :4-! p.m. vf. 

5 10:01 a .m. vf. 
10:20 a.m. vf. 
2:2"9 p .m. vf. 

6 4:09 a .m. vf. 
9:20 p.m. vf. 

8 10:4 a .m. vf. 
]0 12 :35p.m. vf. 

2:36 p .m. vf. 
9:57 p.m. vf. 

12 11:25 a.m. Yf. 
13 2 : 03 1).m. ,, f . 

Teleseisms 
A ugu t 5 

L ]1:43 a.m. 
August 9 

L ~ 3:17 a .rn. 

Augu t 10 

August August 
15 7 : 00 p.m. vf. 21 9 :31 11.111. vf. 
lfi 4:30 a.ru. vf. 22 ~] :02 H.111. Vf. /;:,. 3. 
17 8 :20 a.m. vf. 23 9 :22 p.m. f. 6 25. 

9:18 a.m. vf. 24 1 :53 p.m. vf. 
9 :27 a.m. vf. 2r; 12:12 n.m. vf. 

11:0-! a .m. vf. 1: 04 a.m. vf. 
12 :56 p.m. vf. 26 1:14 p.ru. vf. 
1:49 p.m. vf. 2: 27 p.m. vf. 
3:07 p .m. vf. 27 2 :07 a .m. vf. 
3:21 p .m. vf. 6:06 a.m. vf. 

1 12: 10 p .m. vf. 11 :02 a.m. vf. 
5:41 p.m. vf. 11:36 a .m. vf. 
7:53 p .m. vf. 3: 10 p.m. vf. 

10 : 07 p .m. vf. 28 5:32 a .m. vf. 
]!) 11:37 p.rn. vf. 8:10 a .m. f . 6 2. 
20 5:09 p.m. vf. 29 7:13 p.m . vf. 

6 :19 p .m. vf. :02p.m. Yf. 
6 :27 p.m. vf. 30 12 :46 a .m. vf. 
6 :3l p .n1.vf. 2 : 18 p .m. vf. 
6:36 p.m. vf. 31 5 :38 a.m. Yf. 
6:3 p .111. vf. 1:20 p.111. vf. 
6 :-!2 p.m. vf. 3 :25 p.m. vf. 
6:-!5p.m. vf. 7: 02 p.m. vf. 
6 :-!6 p.m. vf. 7:08p.m. vf. 
6:51 p.m. vf. 

Very feeble record. 

Fe blc record, doubtfully indicating clist:rn ce of 
-!,250 milC's. 

L ~ 1:-!5 a.m . YNy fcchl o rrcord. 
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H armonic Tremor 

'l'hi.s type of tremor 11·:is nhsC'nt throurd1out th e month. 

Microseismic Motion 

Microseisms were normal throughout th e month. 

Tilting of the Ground 

By weeks this movement was as follows, exprc scd as angular ch:1110-0 nnrl 
clil·cction of motion of the plumb line: 

July 27-August 2 0.6 second NW. 
August 3- 9 0.3 '' W . 

10-16 0.6 " NNW. 
17-23 0.5 " SE. 
24-30 0.3 '' NE. 
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Fig. 31 . ,J uly l il, 1927; 9 :40 a. m. Sa me vie"·, showi ng hJw lava riv er crusted O \ ' r and how d lta cnl:nges. Photo 
'Wi lson. 



:E ig. 32. J u ]~, 13, 1!)27. 
i II lrft rC' nk l' d i st:111 cc. 

H:il cma uma u. look ing 11 or tlic:1st. 
rho to W.i 11. 

S howing ripp le· a11il p:itt(' l'II S in liv e l:lY:1 l:1k c. J(il:1urr1 Jki 



F ig . 33. J u ly J 6, H)'.l7. 'J'e lephoto vie \\" of nc-tiYc cone i n I-falcmatu11 a u. ~ how· pJ,1 i11 l.v h o,,- lava river nftcr flo \\"in g 
un de r <:rust mer gC's l\· it h l;1kl', a lso l,o w to p of cone gets s 111,Llle r d ue to fo uJ1 tai 11i11 g ntt ion \\"it hi11. Co mpare witl1 
F igs. 30 :i nd 31. P hoto W i Iso n. 



Jt~ig. 34. July 15, J927. Vi e w of lake p:1 ttc l'll t :1k c 11 ;it 7 p.m. Photo Wi lso n. 
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1<.ILAUE A 

# O()b i!OOO 

L,a9 c nd 

Go,srnrnc,,/ Ro o d 

Black spot shows location of Observatory. 

·- -~ -., 

All exchanges, gifts to library, news 11otes abo ut Pacific volca11ic a n<l 
se ismic events, and conespondence should be addressed HA ,v AIIAN VOLCANO 
OBSERVATORY, "\ olcauo House, Hawaii. 

The Obser,atory is operatecl by the U. S. Geologica l Survey, and its woi-1, 
is suppleme11tecl by the Hawaiian Volcano Research Associatio n. The main 
station is on the northeast rim of Kilauea Crater. Subordinate seismograph 
stations ai-e operated by the Research Assoeiatio;1 under the di rection of the 
vokm1ologi t in Koua ancl Hilo. 

The Kilauea tation operates horizontal pendulums of the Bosch-Om ori type 
and rerei\·es time by wireless from t he Honolulu Javal Station . Observatory 
Lat. )9° 25' 54.3" N . ; Long. 155° 15' 39.6" W . ; El vatio11 cellar 1314.6 m eters 
(3985 feet) . The Hilo, Hilea and Kona stations operate horizontal pendulum s. 
Their seismograms are sent to the Observatory. 

'l'he Hawaiian Volcano Rescal"Ch Association founded the Obsern1tory in 
1911, tran fcrring the pl::t11t to t he Government in 1919, but continuing coopern-
1.ion in experimental work by furnishing funds and apparatus ancl workers as 
nee led by the Go,·ernment Volcanologist. It is a corporation uncle•· t he laws 
of Hawaii goYerned by a board of directors, and financed by the subscriptions 
or its members and patrons. Its aims arc irlentical with those of t he Observ:1-
tory, namely, (1) To keep i-ecord of Hawaiian volranism, (2) 'l'o attract vol­
canologic specialists to Ha"·aii, and (3) 'Po promote world\\"ic1c knowledge of 
Yolcanocs ancl earthquakes a11d tho foundation of more volcano ohsen·atories. 
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During t he month the,· , was a gn);tt t1 •al of :.1valnnclt i11 g from tho " -alls of 
lialematUnau 11it. Perhaps the pcl'iocl of the equinox had such effect on vol­
eanic eonclitio n as to inc.;reaso sympathotic ::i ·tivity of the walls. As usual, 
s lide· were most fr equent from the Ho1·thenst side, but Ott September 9 a 
ti-cmenclou · nvalanche took 1 lace at the center of the sout lrn·est wall. close 
to tho r ift tunnels. Preceili11g this avalanel,e ther e was steady slidii1g and 
umlermining of the wall. All t his suggested motion on the northeast- outhwest 
Ki lauC'a rift line. 

A very notable <Jha11go in the l'im contour took place 011 eptcmlJcr 19 when 
the big soutl,ca t ledge, at tlt' touri ·t outlook, fell in . T he c1·aek scpa rating 
the ledge ·holl'Nl stcacly mo,-ement for many clays prcviousl_v, both _by mea -
urcment aucl hy ouncl. Spa ·rnollic trickling of dir t at the crntk ancl the "tick" 
of sub-surface rnc·ks adjusting themselves to the settling of the lcdg , co uld be 
heard. 

Eal'thquakcs \\' I'(' i11frcquc11t at t he fir,t of the month, 011iy ·ix very frch lc 
shocks bci11g recorded fo r the week e1Hling Scpteml.Jer 7, but increased as the 
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moHth grew 011 1 diHtinishing again near th e close. During t he second w ek 
there were 19 very feeble earthquakes; the third week had 28; and the fourth 
week hacl 10 very fecblo shocks, one feeble, and one slight, making 12 in all 
r ecorded. In addition there was minute volcanic tremor on the 2nd, 3rd 4th, 
5th, 14th, and 30th, very similar to the harmonic tremor that always accom­
panies lava, activity. 

Th o seismographs registered the usual tilting of the ground. 

JOURNAL, SEPTEMBER, 1927 

September 1. A ycry l:ngr aval:111 ch ,lust rloucl coYerr!l t he 11·hole north­
ca tern or ifice of the pit· at 2:20 p. 111. 

September 2. From 11 :30 to ]2:00 in the fo renoon the pit "-a fairly quiet, 
"ith a few r ocks rolli11g oceas ionnlly from t he north and we t walls . There 
was very slight steaming. Recent slides have b uilt up the north ast talus 
consid rally. Th e crack separating the ·o uth east ledge has widened so as to 
allow the ''Danger' ' sign, propped in it, to turn. Thei·e are small sul'face 
cracks 11ear, and the dirt is very loose. 'rhe 11ortheast wa ll is freshly peeled 
in two places. 

The pit was full of du t from slides at 3 :'15 p . 111. 

September 3. 'l'hero was active slicHng from the northeast wall in t he 
morning. 

September 4. A large avalanche clust cloud from the noi·th wall was re­
ported seen about 6 :451 a . m. 

September 5. At 10 a. m. new black debris lay on the north-northeast 
talus, new gray debris on the south talus, ancl r eel on the north talus. , Sonie 
rocks were heard falling nortlreast. 

The new small cracks at the southeast ledge are more pronounced. 
September 7. The ronr of a large a ,·alanche was reported hearcl from the 

Uwekahuna Observatory at 3:10 p. m., but fog p reventecl seeing ·tho location. 
September 9. At 9 a . m. extremely large clust cloucl rose from the north sicle 

of the pit. A visit at 11 a . m. show c1 that the avalanche occurrecl from mid­
way the wall just we t of the soutlrn·c t rift tun nels, lca,·ing au immense scar. 
Scars were also seen 011 the JJOrth 'rn \\'alls. 

September 10. Stone were hearcl rolling 11orthcast and southwest at 10:40 
a. rn . Gray debris from ye terday 's avala111:hc has partly buried the south­
west co11e. 

September 12. A circuit of the pit was made from J0:30 tQ 12 in the rorc­
noon . At 10:43 an :ivalanchc oceurrcd from the northwc t wall. 

Thci·e have been recent sli!les from the tip of the we ·t horn of the north 
s ill. A big howlcler that wa · suspcndt•cl just un,kr tlw 11orthcast rim has falle11, 
and the crack through the north-uorthca t fault cliff has widened. A licle 
occ urred north\\·cst at 11:47 a. lll. The low r outl1\\·c t wall has ome heavy 
white salts coatings. 

Loud avala11ches were reported occurring arouncl 9:30 a. m. from the north 
wall. 

September 13. l!'rom the Uwekahuna Ob en·atory eyeral large aYalanchcs 
from the north wall were noted 111 the middle of t1ie afternoon. 

September 14. New scnr show d on the north ancl northwc t wall rluring 
an ea rly rnorn.i11g tr ip to the pit. Roeks were heard ettling in the outheast 
ci-ack . At 1:45 p. m. ;t clu ·t cloucl rose from the north corner. 

September 15. There was n dust cloud north at 7:35 a. m. At 10:20 a. m. 
stones were heard falling northwest, aucl that talu hns new dark debris on 
its upper slope. Stearn vents appear l ess active than ever before. 

September 16. At the Uwckahuna O1.Jservatory in the afternoon a\'alanches 
were heard from th e nor th wall at 3 ancl 5 o'clock. 

September 17. Active avalanching continues, ancl all talu e ha,e new 
debris. Measurements show that the southeast crack has widened half a foot 
in a ,v ek. 
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September 19. At 1:20 p. m. dust ,rns ob cn·ed rising from tl,e east side 
of the pit, nnd :1. louil. avalai1ehe was re1 ort rl hra ,·cl about thi timo front the 
Uwekahumi Ohsl'rY:1.tory. 

September 20. A , 0isit at 9:20 n. m. showed that tho big southeast lcrlge 
ha fallen into the pit, carrying away a large st,rip of the near-by rim . The 
. ei mogrant of yesterday shows record of an nsalanche tremor that may have 
l1ecn re orded when the ledge gave wn.y.· 'l'he pit walls arc wet nn(l reddish, 
lrnt the srar loft hy t he fallen ledge shows dry :UJCl grayish. 

'l'h e cnst wall has " 11011' rar, and surface CTacks lmve widened thcr('. 
September 21. At 9 a. m. tho pit w:1s qui t, with 011e or bvo roeks foiling 

11orthwl'st. '!'he w:tlls are <]Uitc wet, lmt stcaini ng •i slight at all Vl'nts. 
A long avalanc·hr roar was henrl from the 01 se rvatory :1t !5:~0 p. 111., hut. 

fog preveutctl vi ihi li ty . 
September 22. Ma11y Jl CW s :ns were seen all :nound the pit at 9:20 n. m. , 

ns though slidl's had been very general. • cars ,1·oro particularly ·onspicuous 
011 the east-northeast waJl. A few sto11<' were hoarcl falling during t~is visit. 

_.,, September 24. A few rocks fell at 8:50 a . m. from the northwc·st w:lll. 
'J'he dry weat hC'l' has dinuned tho ]night colol's of tho pit w:il ls :wd diminished 
the steaming. New debris was 11otod on the !lorthorn taluses. 

September 26. The pit s emocl quiet at 9:10 n. m .. but a strong wind would 
obscure any ound . team was observ d only in the usual 1 laces. 'rho cast 
wall has fresh scar . N ew notches have appo:nei in the northeast rim, aml 
there is 11ew dehri on the tnluses belo,1' them. An avalanche <lust cloucl from 
the 11orth wall wa seen at 1:10 p. 111. 

September 28. A ,i it at :30 a . m. showed that the upper 11orth 1rnll hncl 
lJl'en ·licling, with th talu belo"' coated a deep red. The walls arc full of 
eolo1·ings. cars appear on tl,e northeast wall al. o on the southwest. TJ, e 
11orth-northcast talus is streaked with new reel :rncl black cleb;i . The team 
vent ai·e more active with wet weather . .At J0 :20 a . m. there was ::i dusty 
slide northeast. 

September 29. At 3 p. m. thin dust rose from a slide northeast. 

SEISMOMETRIC RECORD 

Ther e were 103 local earthquakes recorded on the Obsel'va tory seismographs 
<luring the month cnclecl at midnight September 30, 1927. The ·e and other 
phenomen:t are listed below. Th e time used is llawaiian Standard (time meri­
di:m is 157° 30' W.), which i 10 hours and 30 minutes slower than Greenwi h 
'rime. 

The greater number of the veTy feeble local shocks counted in the Ji t make 
such minute r ecords that the character of the distuTbancc is not ah,·ays appar­
ent. omc arc true earthquakes; others are perhaps the parts of greater ampli• 
tude of a continuous or protracted tremor, which ;it other t im es may be too 
feeble to 1·ecord; some seem to le r ecords of vibrations set up by a,,alanchcs 
in the pit of Halemaurnau. 

Abbre,,iations used below arc as follow : vf, .-cry fcel)lc; f, feebl e ; s, 
slight; 111, moderate; cl, instrum nts clismantlecl; fl, felt locally; t:::,. inclicaterl 
distnnro in miles; 4

1 continuous tremor. 
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Local E art hquakes 

, 'p p t, •111 bcr ,'t•pte ml,r r SC'ptc•ml,er 
I 4:22 a.111. vf. 12:-Hl p.111. YJ'. ] Cl J2:53 :t.n1. y£_ 

4:5!1,1.111 . d . !) -lc:24 ;\ . JTI. Yf', 2:4 a.111. vf. 
!J:05 a.m . vf. !l:00 a.m. vf. 10 :04 a.111. vf. 

10 :00 a.Ill . \7f. J0:30 :1.111. d. J ! :50 11 .111. vf. 
J0:57 a.m. vf. 12:45 p .111. vl'. 1:1711,111. yf_ 
11 :54 a.111. vf. 10 5:45 a .m. vf. ):25 p.lll, Yf, 

1:37 p.m. vf. 2:Hip.m. vf. 1 :32 p.m. vf. 
2 :17 p.m. vf. 11 10:-lli a .m. \7£. 20 4:42 a.Ill. Yf. 
2:3-l p.m. vf. 12 12:J!l p.m. Yf. 12:.-0 p.111. \'f. 
3 :29 p.m. vf. 3:01 p .m. vf. 21 5 :45 a .m. Yf. 

2 8:27 a.m. vf. !J : J p.u1. vf. 22 1 :49 l), lll, \'f, 
9:32 a.m. vf. 9:3 p.m,\'f, 2 :21 ll,111. Yf. 

10:31 a.m. vf. 13 3:3!) a.m. d. 23 10:02 a.Ill. ,·f. 
H :2-l a.m. vf. -1: U a.m. Yf, 24 2:53 p.m. vf. 
1 :20 I .m. vr. G:01 a .m. \'T. 2::5 G:09 :t.m. d . 
2 :llp.m. vf. 3:4 p.m. ,·f. 27 3:0:3 p.111. f. 6 _, . 
3:0-lp.m. vf. 1-l l:0J a .m. ,·f. 4:11 p.111. . 6 Hf!. 
3 :32 p.m. vf. 9:1 a.m. vf. 11:31 ]l.111, Yf. 

3 4:04 p.m. vf. ll:30 a.m. vf. 2 1:09 a .m. vf. 
4:06 p.m. Yi. 5:00-5:04 p.m. d . * 1:2 p.lll. Yf. 
4:09 p .m. vf. 5:37 }J.lll, vf, 1 :30 p.m. ,·f. 

4 6:5 a.m. ,7f. 9:10 p.m. vf. 1:3 p.111. Yf. 
7 :07 a.m. ,·f. lG 4:.J!J a.m. ,·F. 30 G:09 a.m. vf. 

11:±5 a.Ill. vf. 5:42 a.m. vf. 11 :H a .111. ,·f . 
11:47 a .m. vf. 7:33 ll,Jll, \'C. 2:56 p.111. yf, 

5 2 :01 p.m. vf. 7 :34 a.m. v£. 2 :59 p.111. \'f. 
6 :30 a.m. vf. 7:47 a.m. vf. 3 :32 ]l.111. vf. 

9:55 a .111. vf. 12:16 p.m. ,,f . -l:59 p.m. d . 
9 :57 a .m. vf. :'.l:46 p.m. ,·.f. 7:2 p.m. vf. 

11:15 a.m. vf. 16 7: 26 a .m. vf. 7:59 p.m. Yf. 
1:19 p.m. vf. 3:31 p.m. vf. :21 p.m. ,·f. 
2:25 p.m. vf. ±:44 p .lll. vf. :30 p.m. vf. 

7 9 :29 a.m. vf. 5:57 p.rn. vf. :42 p .m. vf. 
1 :3 p .m. vf. 17 6:11 a.m. vi'. D :02 p.m. vf. 

1:?:l p.u1. vf. 

Harmonic Tremor 

Ou eptcmber 30 there \\':t a hort ~I• II of harmonic tremor from O :30 p. m. 
to 10:50 p. m. 

Microseismic Motion 

Micro ci ms were trong<'r than normal on th 26th -7th, n nd !:! tit. 

Tilting of the Ground 

Bv \\'CCk · this moyemcnt wa. :i follow . cxprC's eel :i 1111gular ('h;rng :ind 
dir c0tivn of motion of th plumb li11 c : 
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Pig. '.{ :i . • J ul y n, ]!127 . Time cx 110sm·e of ,1d i ,· itv of .l i :1J.c m:111 111 a u, show ing ri ve r a 11 tl delt:i of li,·c l:iYa, Th (' n<-t- h· c 
C0J1 C f u111 ('S, ·1rnt :il l oth er ,·apo r is stt•aui. P hoto· 'l'ai iug Loo. 



Pig. 3G. July J l, 1!)27. V iew of Halemaunrnu intc1·io1· mndc with wide-angle lens. Photo Vvi!s011. 

--- ,rtrtr · di, 



Fig. 37. July 15. 1927. N ight ,·icw of activity showing (left ) vent of artivn cone 11 ea r ly el osecl :incl movements of 
t he lava dclt;i, Expos11rc of scvcrnl min utes. Photo Tai Sing J,oo. 



Fig. 3 . Jul .v fJ , 1927. View showing la.rn riY cr ancl delta pa t te rn s. P hoto 'J.'a i S in g Loo. 



1<.I L AUEA 

Black spot shows location of Observatory. 

All exch:rnges, gifts to library, news notes about Pacific vol canic n.nil 
eismic events, and corre ponclence should be addressed EA WA TIA :r VOLCANO 

OBSERVATORY, Volcano House, Hawaii. 

'l'he Observatory is operated by the U. S. Geological Survey, ancl its work 
is snpplementecl by the Hawaiian Volcano R esearch Association. The mn.in 
station is on the northeast rim of Kiln.uea Crater. Subordinate seismogrn ph 
stations are opernted by the Research .Association unde r the direction of t he 
volcanologist in Kona and Hilo. 

Th e Kil auea station operates horizontal pendulums of the Bosch-Omori type 
and rec eives time by wireless from the Honolu lu Navnl Stat ion . Obsen-atory 
Lat. 19° 25' 54.3" N.; Long. 155° ] 5' 39.6" W . ; Elevation ccllm· ]214.G meters 
(3985 feet) . The Hilo, Hilea ancl Kona statio11s operate horizontal pen dul ums. 
Their seismograrns are sent to the Observatory. 

'!'he H awaiian Volcano R esearch Association founded the Obsenatory in 
1911, tra nsfeni11g the plant to the Government in 1919, but continuing coopcra · 
tion in experimental "·ork by furnishin g fun els and apparatus and workel' · :is 
needed by the Government Volcanologist. It is a corporation under the lairs 
of H awaii, governed by a board of director , and :finan ced by t he snbscriptions 
of its members and patrons. Its aims are identical ,Yith those of the Observa­
tory, namely, (1) T o keep record of Hawaiian vol canism . (2) To att ra ct vol­
canologic specialists to Hawaii, and (3) ' ro promote worldwide knowledge of 
volcanoes and ea1-thqnakcs and the foundation of more volca no observatories. 
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GRAVITY ANOMALIES ON H AWAII 

N o. 10 

In the numbl'r of this puhliration issul'cl for Jun" . 1927, the establishing 
of t hree- new gravity stations on the- island of H awaii was <ll'scribecl. Data. 
obtained at thrl'e olcl stntions estahlishecl hy thc ·ITa.waiian Governmen t Survey 
i n 1892 :ire also r evicwc-d there. 'l'hl' new clata hnv<' now he-en <'omputccl by 
the Const nncl Geodetic Survc-y, and the results from both olll and new stations 
arc given in the fo llowing tabll'. 'l'o aYoicl repetitio n, this table docs not give 
the la.titucle, longitude, ancl eleva.tion of these stations, as tl,:,t infornrntion was 
given i n t he Bulletin _just mentionc-d. The sta.tions cn n easi ly he icleutified by 
name. Data from two stations on the island of Oahu have hec-n addecl fo r 
comparison; t hc-y are tall<'cl IIonolulu and Xiu, thei r ele,·ations bcinJ? s ix ancl 
two meters auove sea leve l. The first was established in 189:! ancl the second 
in 1926. 
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'!.'ho table giYes two values of theoretical gravity at sea leYel for the lati­
t ude of each stn tion. Ono is from tho 1901 formula of H elmert, the ot her is 
computed from the 1912 formula of Bowie. Tho correction for elevation a t 
each station is given. The eor rection for the effect of n ea1· and distan t 
topography is shown, computed on t he basis of complete isostatic adjustment of 
t he earth's crust at a depth of 113. 7 kilometers; the mean solicl surface density 
is assumed as 2.67, a nd ocean water density a 1.027. The application of these 
two cor rections to the theoretical se:i love! values of graYity gives the com­
puted values which i-epresent the intensity of gravity to be expected at the 
s tations, presuming no local subsurface irregularit ies. In the column headed 
' ' Observed Gravity'' there is given the results of actual measurements at t he 
stations. Comparison of what is expected at a station and "-hat is actually 
observed usually shows a difference; t hese differences are the anomalies of 
gravity, and arc positiYe when the observed value is greater than the computed 
or expected. The anon11tlies arc t hus inclications of local irregularity of crustal 
clensity or of imperfect i sosta tic a djustment; or are caused by errors of obsen ·a­
tion 01· by t he use of inexact formulas in computing the t heoretical sea leYel 
Yaluc and the corrections thereto. Local densities and conditions of isostatic 
a cljustment a re known to be the major cnuscs of the nnomalies. and will be­
come more completely the causes as future in,prn,·emcnts of fo1 mu las a nd field 
methods arc cffcctccl '!.'he table giYes t hree anomalies for eaeh station; one 
resulting from the use of the H elmert formula, another from the 1912 f omrnla 
of Bowie, and the third us ing Bowie's formula but not taking into a ccount 
the correction for topography and compensation. '!.'he last is the '' F ree Air'' 
ano maly, and is largely of theoretical interest. The isosta tic anomaly basecl 
upon Bowie's formula perhaps represents the more up-to-date conception and 
is i n forn1 for practical applicat ion. 

For details in the methods of computing the a nomalies. and their use in 
geodetic and geologic investigations, reference may be made to Special Pub­
lications Nos. 10, 12, 40, ancl !19 of the U. S . Coast and Geodetic un·e~·, or to 
the book, "Isostasy," by "William Bowie. 

No application of these new figures has yet been made toward the deter­
mination of the densities of hlauna Loa, l\fauna K ea, or Kilauea. thoug h studies 
in this direction shoulcl prove of exceptional interest. _.\dditional useful in­
formation "-ill soon be available when the results of the observations made by 
Dr. F . A. Vening Mcincsz arc computed ancl published. H i mea;;urements maclc 
at sea will give the values of gravity over the submerged base of the H a waiian 
Ridge, and will also furnish an additional value at Honolulu. 
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rRINCIPAL FACTS FOR GRAVI'rY STATIONS IN HAWAIIAN ISLANDS 

Theoretical Gravity Corrections for Computed Gravity Observed Anomalies 
Gravity ---

Name of Station 'ropog. 
H elmert Bowie E lev. and Helmer t Bowie H elmert I sostatic Free 

Compen. (Bowie) Air 
- ---H onolulu ... . .......... . 978.711 978. 719 - 0 .002 +0.162 978.871 978.879 978 .946 +0 . 075 +o . 067 +0 .229 

1\fauna K ea (Waiau) ... 978.623 978.631 - 1.229 +0.469 977.863 977 .871 978.069 +0.206 +0.198 +0 .667 
Kalaieha ........ . ..... 978.017 978 .625 - 0.626 . . . . . . . . . . . . . . . . . . . 978.499 . . . . . . . . . . ..... 
Kawaihae ... ... ... . .. . . 978. 636 978.644 -0.001 +o .138 978.773 978 .781 

I 
978 .812 +0.039 

I 
+0. 031 +0.169 

Kilauea .... .. ......... . 978.601 978 .609 -0.374 +o . 256 978.483 978 .491 978.668 +0 .185 + 0.177 +0 .431 
Jaggar (Manna Loa) ... 978 . 605 978 .613 - 1. 235 +0 .483 977 . 863 977 .871 I 978.091 +0 .228 +0 .220 +o . 703 
Hilo .. ........ . ... ··· ·· 978.619 978.627 

I 
-0.002 +0 .168 978.785 978.793 978 . 878 

I 
+ 0.093 +o . 085 +0.253 

N iu (World Long. sta.). 978. 710 978.718 - 0.001 +0 .162 978.871 978.879 978 .953 +0.082 + 0.074 +0 .236 



VOLCANIC CONDITIONS IN OCTOBER 

Activity of H alemaumau 
Slitks ancl avala11c·hes from tht' w,111s of ll,\lcmau111au p it eo11tinued to be 

t he only visible ac·tivit,v of the voka110, c-x~ept ehanges i11 the sulphul' ]latches 
antl tho white ancl yellow staining. '.l'hel'c ll'as little Yal'iety in the steaming. 
The outstanding event of the month ll'US the recorcling of a11 earthquake in 
Alaska, described hereafter . 

Dur ing the first part of the month the slides seemccl mostly to be confined 
to rathel' steady "·orking of tho northwest and southeast walls. They were 
somewhat different from the customary intermittent slides from tho nol'th and 
northeast walls, h1 that they were often so small as not to be vis ible, b ut yet 
were continuous, making a loll" and slightly hissing or purring sound. Occa­
sionally as rocks ''"ere disturbed the sound woultl grow louder. 'l'he northwest 
t alus became very much streaked with fine material. The slides ate a hole 
into the wall at t he top of the southeast talus. 

'l'he steady, fine slides ceasecl tho second week of the month, and thel'e was 
again the normal, intermittent sliding and occasional avalanching. Yelloll' 
sta ins increased on the smallest cone of the July ernption, and solfataras grew 
conspicuous on the south and east talus slopes. :Xew sulphur crystals formed 
at the base of 'the south talus. About the middle of the month slides at the 
sou t h corne r began to be prevalent, making a large, reel scat· visible from the 
Uwekahuna Observatory. 

Cracks along the east rim of the pit were measured from time to time, but 
showed little movcme11t. Some smnll nell" rrneks were sren in the dirt back 
of the sou th r im station. 

Tilting of the gl'ound during tho month "·as mostly to the north ancl cast. 
Tho seismographs at the Hawaiian Volcano Observatory began to record tho 

Alaskan earthquake at 5 :37 :40 a. m. October 24, and continuecl for mo re than 
an hom ancl a half . Because of confusion of preliminary phases and the 
amplitude of the long wa,·es, the epicenter of t he shock 11":\S at first t hought to 
be located too near to he on land, perhaps in tho Aleutian cleep or under the 
ocean off tlie Californian 01· .i\[cxir:111 roast. ,Vnrning wns therefore giYcn of a 
possible t idal wave, which woulcl be the rrsult of a heavy shock uncl er the 
ocean bed. When the time w:1s past t lrnt the ti clal w:1\"C was experted, it was 
known that 'tho earthquake mu~t haYc been on Janel. Press reports soon 1,egan 
to come in, stating that southeastern Alaska hacl felt the shock, where damage 
was done to windows and telegraph cables. By computing from 1·ecords of 
several stations, the Jesuit Seismological Association located the epicenter on 
land in the basin of the Alsck Hiver, about 100 kilometers east of Yakutat. 

Upon 1·eceiving warning of a possible ticlnl wave, several business establish­
ments along the waterfront h1 Hilo maclc considerable p reparation to safeguard 
their belongings, having in mind the disastrous tidal wavr of 1922, ancl sampans 
movecl out to anchorage in deep water. hlany stores ancl garages moved the·ir 
goods to the seconcl floor, and dredging operations in the harbol' were suspended. 

Au intcresti11g phase in the reeord of this earthquake is the manner in 
which a local shock ll'as superimposed on the L wa,·c of the distant shock, 
shown i n Fig. 42. 

JO URN AL, OCTOBER, 1927 

October 1. About 9 :50 a . m. there was a faint, yet steady, souncl of d irt 
slicl ing under t he southeast l'irn, gro\\·ing loudN as 1·ocks took to tumbliHg. 

Rocks fell from the north wall at 10 o'clock, also soutlmest at 10:35. 'rhe 
nor th talus js sp,·inklccl with white-stained rocks. :;-{cw sc:ll"a show on t he 
nor thern walls, espec ially at the northeast. 

The walls appear Yel'y restless. Ther e was OYer a n hour of steady tremor 
on the seismogram last night. i\.[an? bowlclel'S haYe rolled out onto the lava 
floor. 'rhere is little steaming any\\'hC'l'e in the pit. 
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Fig. 39. Jul.v, 1924. Showing a~th·ity sorne\\·hat s imilar to that of J"uly, 1927. 
This cone was afterwards buried u nder 'the great talus shown in F igure 40. 

P hoto Tai Sing Loo. 



.liig. 40. July 11, 1927. View of Halcmaunrnu showing fountaining of t he active conr . Photo 'l'a i S ing Loo. 
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:F'ig. 41. July, ]!)27. Gniup o f specta to rs \\':t tching rtctivity, a ncl 111e111bc rs of t he Ohsen·ato ,·y s taff a t \\'Ork 11·ith cameras. 
Photo Tai S ing Loo. 



:Pig . 42. P art of seismogram of October 23-24, 1927, showing holl' a local earthquake 
was super imposed on a telcscism. B osch-Omori inst rnments; lines read from right 
to left, and begili a t t he top; c1rnm turns once in 15 minutes. T he t ime break 
in the middle of the locn l shock i s 6 :20 a . m., October 24. 
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October 3 . At 2:45 p. m. the pit was qu iet, but dirt from sliiles \\'as seen 
northeast ancl northll'C'st. A wide streak of fine mater ial !ay t h<? full length 
of the northll'cst talus. At 3 :03 came a slide of rocks from th<' north wull, ancl 
at 3:16 sluggish slides ottUl'l'Ccl at t he west. Jhom a 1,oint on t h<' 1,0 1· th -
11orthcast ri 111 t he small southeast si i<ks e:11! IH• seen making a ho le in t he wall 
at the top of t he talus. 

October 5. }~rom 8 :30 to 9 a . 111 . the southeast wall was still worki ng, and 
slides were obser\'ecl on the ot her s ides. Steam was escaping from t he smaller 
tone in irregular puffs. 

At 10 :2i a. m. a la rge dust cloud from an a\'alanche 1·ose from t he 11orth 
corner of the p i t ancl hung in the a ir fo r many m inutes before dissolv ing. A 
disturba nce was recorclecl by t he seismogr::iph at this t ime. 

October 10. At 9 :30 a few 1·ock falls were heard on t he northwest side. 
'J'he talus slopes a re clark with 'the wetting of rncent rains, but. t here is not 
much &teaming. A bright red sca r shows near the top of t he sou th wall. A 
rntch of bright yellow sulphur has formed at the north eclge of the south talus. 
Y t'llOII' st:i.i11s on the 1:n-a floor are quite pronounced. 

October 12. Ther e is much fine mater ial deposited at t he foot of the south­
east wal l. The south talus is streakecl with wet steaming spots. Fine material 
lies also at the foot of the west wall, and slides could be heard there at 9 :40 
a. 111 . The cast wall has been sliding. 

Yellow stains arc consriicuous on the small cone, but ther e js no steam. 
Solfataras arn .-isible at the foot of the cast talus. 

October 17. 'l'he pit was \'isitecl from 10 to 10:50 a . m., ancl a few slides 
were observed. The north and 11orthenst walls ha.-c ne"· ,1·hite salt coatings. 
·wet streaks are conspicuous on the northll'est ancl southea t taluses, t hough no 
min has fallen for n fell' davs. 

October 19. From 3 to 4 ·: 30 p . 111. the pit "·as mostly quiet, with one slide 
nt the south corner he:ud. A s lide was repo rted i n t hat corner as making a 
new scar and showing d ust. 

T here is fresh yellow sulphur nt the hnsc of the southenst blus, next wh ere 
t he ledge touches t he floor . 

Small recent r rncks were seen in the d irt ncn,· t ht' south station, bark from 
1.he r im. 

About noon two d ust 11·h irls were seen on t he central floor of Ki l:1 ue:1 . 
October 24. At 11 n. 111. the pit " ·as qu ict a n(l dry. A fresh a va la nehc 

~treak sholl'ed on t he west wa ll. 'l'i?nc wns a little steam at the 111 icldle cone 
r,f the floor. Stcnm is 110w feeble at the wet places in t he south talus, where 
before the July emption there was very dense steam. 

Oct ober 26. The pit at 10:10 a. 111., in bright dry weather, shows little 
steam. The clensest steam jct is on the 1101·th siclc of the nortll\\·est tal us, anrl 
there is a little steam and su!phur stain at north cone \'ent of Jfoor. A fresh 
avalanche streak sholl's from top to bottom of wa ll over the southwest talus, 
nncl t hei-c is fresh wall surface frc,m recent falls abo\"e t he 11orthwest talus. 
'fhe sulphur stain is incninsing at the bottom of t he southeast wail, ancl fresh 
fragm ents lie on the top of the south-southwest talus. 

One small trickle of rocks was heard about 10 :20 a. m. 
October 29. ~orthenst wincl; dry and sunny weather at 2 p. m. Much rain 

last night, hut it has not increase,] steam in t he pit. S ligh t steam ,jets appear 
in the upper parts of the north, west and south taluses. 'l'here is i ncrease of 
yellow stain at north cone vent on floor, which steams. Only one jct of steam 
was seen for nn instnnt at the middle cone. Slight rock tl'ickles were heard 
1101·th. 

October 31. Dust from numerous northern a,·alanchcs \\·ns oi.Jscn·ecl morn­
ing and afternoon. 

SEISMOMETRIC RECORD 
rr hcre "·l~rc 76 lo<·:11 ('flrtltqu:1lr,...., ... H ... l ,. .~,.. t,..., .,. .. .. ... , .. ,:1 .... .. .... r-i, , .... ..... . 

tor~- seismographs during the 111011th cnclecl nt midn ight October 31, 19:!7. '1'hese 
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nnd other phenomena arc listed below. The time used is Hawa iian Standard 
(time mcridinn is 157° 30' W .), which is 10 hours ancl 30 minutes slower than 
Greenwich ~'imc. 

The greater number of the very feeble local shocks cou ntecl in the list 111ake 
such m i nute records that the cha ractC'I" of t he disturbance is not always ap­
parent. Some arc trnc earthqunkcs; othe rs ,no perhaps the parts of greater 
:implitude of a continuous ot· protrndNl tremo ,·, w hich at ot her times may be 
too fc,e i,l c to 1:etord; sorn e St'em to lJc rt'rorcls of , ' ib rntions se t u p by avalanches 
in t he p it of Halemaumau. 

Abbreviations used below are as follows : vf, very feeble; f, feeble; s, 
slight; m, moderate; cl, instruments clismantlecl; fl, felt locally; t::,, inclicatccl 
d istance in miles : 

Local E arthqua k es 
October 

9:46 a .m. vf. 
6:09 p.m. vf. 

2 7 :34 a .m. vf. 
8 :02 a.m. vf. 
3 :04 p .m . vf. 
-1 :29 p.m. vf. 

3 6:56 a .rn. vf. 
4 12 :47 a .m. vf. 

12 : 28 p.m. vf. 
5 10 :25 a.m. vf. 
6 12 :31 p .m . vf. 

3 :46 p.m. vf. 
7 2:33p.m.vf. 

3 :17 p.m. v f . 
10 :24p.m. vf. 
11:57 p.m. vf. 

8 5 :02p.rn.vf . 
9 7 :05 p.m. vf. 

8 :06 p.m. vf. 
10 10 :57 a.rn. vf. 

10 :45 p.m. vf. 
ll 8:54 a.m. vf. 

11 :04 a.rn. vf. 
11 :26 a.m. vf. 
12 :16 p.m. Yi. 

Teleseism 
OctobCI" 24 

eP 5 :37 :40 a .m. 
SX 5 :43:50 a .m. 
SE 5 :43 :56 a .m. 
S r ~ 5:46:43 a.m. 
S ,· ~ :3 :46 :55 a .m. 
L ? 5 :49 :00 :1.111. 

H armonic Tr emor 

11 3 :28 p .m . vf. 
6 :17 p .m. vf. 
7 :42 p.m. vf. 

11 :20 p.m. vf. 
12 1:00 a .m. vf. 

1 :39 a.m. vf. 
2 :04 a .m. vf. 

10 :09 a .m . vf. 
10 :41 tun. vf. 

2 :38 p.m. vf. 
5 :41 p .m . vf. 

13 6 :59 a .m. vf. 
11 :21 a .m. vf. 
1 2 :01 p.m. vf. 

4:10 p .m. vf. 
H 3 :06 a .m. vf. 
15 1:54 a.m. vf. 

6 :15 a .m. vf. 
4:19 p .m. vf. 
5 :35 p.m. vf. 

10:40 p.m. vf. 
]6 6:06p.m.vf. 
17 12:56 a.m. vf. 

4:30 p.m. vf. 
19 12 :10 a.m. vf. 

20 8 :54 a.m. vf. 
10 :05 a .m . vf. 

1 :30 p .m . vf. 
2 :49 p.m. vf. 
3 :30 p .m. vf. 
6:57p.m.vf. 

21 2 :03a.m . vf. 
7 :02 a .m . vf. 
2 :32 p .m. vf. 
3 :10 p .m. vf. 
5 : 45 p .m . vf. 
8 :37 p .m . vf. 

22 1 :35 a .m . Yf. 
1 :40 a.m. vf. 
2:10 a.m. vf. 

12 :44 p.m. vf. 
24 6 :20a.m . f . 

6:28 (LID. Yf. 

3 :04 p.m. vf. 
26 5 :59 a.m. vf. 
2 2 :3 a .m. f, I:::, 48, fl. 

6 :22p.m. vf. 
30 2:0 a .m. vf, t::,25. 

5 :44 p.m. vf. 
31 9 :21 a .m. vf. 

'l'hf' maximum amplitucle of this earthqunke as h er e 
recorded was considerable, b ut the preliminary phase 
wa ~mall nnd not easy to distinguish from microseisms. 
'I'he feeble local earthquake n oted in the above list at 
6 :20 a . rn. was superimposecl upon the 1·ecord of t h e 
tC'lC'scism. The indicated distance is 2,i30 miles. 

'rllis t:vpe of ti-cmo1· ll"flS nhsent throughout the month . 

Microseismi c Motion 
~[ieroseisms wNe nonnal throughout the month. 

Tilting of t h e Ground 
B.v ll"CL'ks tl,is mo,·ement "·as as folloll"s, cxprC'ssccl ns angular ch ange ancl 

clircdion of mot ion of the plumb line: 
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SC'ptcmhcr 2 -Oetohcr 4 ....................... 0.7 
Odobcr 5-11 ................................. 0.6 

SCC'OllCl NE. 
'' NNE. 

'' 12-18 ... . .... . ... . _ . . . . . . . . . . . . . . . . . . . 0.6 " NN·w. 

" Hl-25 . .. . ........ .. .... .. ....... . . . . .. 0.7 '' ENE. 
" ~6-Xo,·emb('r 1 ...... ...... .... ... . ... 0.7 " SS\r. 

R N. WILSO ~, 
Topographic Engineer . 
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1<.ILAUEA 

L•HJ~Pd 
Oo.,•rnn,cnl Road 

-----------;--. 

B lack spot shows location of Obscrrntory . 

All exchanges. gif t s to library, news notes about Pacific volcanic and 
seismic e,en:s. and cor respondence should be addressed IJAWAUAN VOLCANO 
OBSER, A.TORY. Y olcano House, Hawaii. 

The Obsen-atory is operated by the U. S. Geological Sun·ey, and its work 
is supplemented b ~- t he H awaiian Volcano Research Associ:1 Lion. The main 
station is on the northeast rim of Kilauea Crater. • Suborclinate seismograph 
stations are operated by the Research Association under the direction of the 
volcanologist in K ona and Hilo. 

The Kila uea sta tion operates horizontal pendulums of the Bosch-Omori type 
and receh·es t ime by wireless from the Honolulu Naval Station. Observatory 
L at. 19° 25' 54.3" X. : Long. 1'55° l 5' 39.6" W.; Ele,·ation rell ar l 214.6 meters 
(39 5 f eet ) . The Hilo and Kona stations operate horizontal pell(lulums. Their 
seismograms are sent to the Observatory. 

The Hawaiian Volcano R esearch Association founded t he Observatory in 
1911, transferring the plant to the Government i n 1919, but continuing coopera­
tion in experimental work by fun1ishing funds and apparatus and workers as 
needed by the Gornrnmeut V olcanologist. It is a corporation uncle•· the laws 
of Hawaii, go,·ernecl by a board of directors, and financed by the subsc1·iptions 
of its members and patrons. Its aims are identical with those of the Obsen-a­
tory, namely, (1) To keep 1·ecorcl of H awaiian volcanism, (2) To attract vol­
canologic specialists to Ha,..-aii, and (3) To promote worldwide knowledge of 
Yolcanoes and ear thquakes and t he foundation of more volcano observatories. 
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l\IAP A?\D STA'l'ION DATA 

THE HILO SEISMOGRAPH STATION 

AftC>r some preliminary 1·econnaissance in Hilo for a plnce in which to 
establish a seismograph station, a site was chosen at the Brothers' School, 
a little above the main part of 'town on \,Vaianuenue Street. A small single 
component seismograph constructed at the Volcano Obse1·vatory ,,·as installed 
and was started on September 8, 1921. The reco1·ds from it were found very 
useful as an aid in locating the epicenters of i slancl earthquakes when taken 
in conjunction with the records of the Volcano Observatory and of the Kona 
station. The instrument wns located under one of the main r ecitation builcl­
ings of t he school, and was subject to distmlJm1ces when classes changed in 
the 1·00111 above. '.l'his caused t he seismogram lines during the dnytime to be 
rather badly j u mbled, but clicl not otherwise detract from the efficiency of the 
rec.ords. The i11strument was run n !most ron tin uouslv. ~ t fi rst i 11 <·Ila rP'~ nf 
Brother Matthias, then after April, 1924, in charge ~f Brother J. B . Alber t . 
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Data from the station hacl proved so interesting that i t was cleci,1ccl to install 
a larger instrument with two components in a part of the schooi grouncls that 
would not be so s·ubject to local disturbances. 

During August, 1927, work on the ne w installation w as commenced. The 
new site is in t he south corner of the school grounds, which is distant from 
t he highways and school buildings and is, t h erefo re, free from local c1isturba nces. 
An excavation was made so that 'the walls of t he builcling ancl the p ier for 
t h e instrumen ts coulcl be firmly founded upon sol id rock. 'rhe instrument cellar 
so made is of r einforced concrete with walls ancl roof six inches t hick. all 
cast at one time so as to make t he construction monolithic. The inside cliiucn­
sions a re eight by nine feet. The ce iling is ten feet above the floor at t he 
front side of the building and eight and one-half feet at the back. The floor is 
about eight feet below the . outside ground level. A narrow flight of steps, 
part'ly inside ancl partly outside: of the concrete structure, lead clown through a 
door two ancl one-half feet wide a ncl five feet eigh t i nches high . 'l'he upper 
steps arc covered by a wooden vestibule, entered from ground level by another 
doo1·. 'l.'h e heavy construction ancl the b ox-like shape giYe the structure extreme 
r igidity . 

The very consid erable excavation was accomplished hy boys ot' the Brot hers' 
School, ancl Brother Albert a lso arranged "·ith county otncia ls fo,· gravel to be 
delivered 0 11 the job fo r use in making the con c,·ete. Brother Albert and 
Brot h er L eo dicl most of the carpenter work to finish off t he details and fit­
tings of the building. l!,or these free contribu t ions of labor ancl matc1·ial t h e 
Broth ers and pupils of t he school and the Couuty of Hawa ii have the most 
si ncere thanks of the Observatory. 

1\[r. B . F. Rush was employed to assist in t he clcsign ancl to oversee con­
~truction . L umber for fo rms, Portland cement, an d t he labor of mixing and 
placing the concr ete were secured from the Hawaiian Dredging Company. 
S. Ocla wns employed to builcl the fo rms. T hanks are also <lue to these nrms 
for the reasonable prices charged ancl t he helpful services given. The cost of 
the b uilding, paicl from U . S . Geological Sun·ey funcls, was $3 3. 

'rhc new instruments were set up and started on eptember 15, Brother 
Albert remain ing in charge of the new installation. The Hawaiian type seismo­
graph usecl is the second of this design built at the machine shop of the H awai­
inn Volcano Observatory, ancl is the same one that was on exhibit at 'th e 
Territorial Fair in H onolulu last yeai·. The first of these instruments was sent 
to Kodiak, Alaska, and "·as installed there la t summer by Dr. Jaggar. Tho 
i ns'trument has been described elsewhere, bnt a brief outline of its general 
design may again be gh·cn here. It is a two-component instrument, both com­
ponents r ecording on smoked paper on the same drum. The iner tia masses a rc 
about 71.5 kg. in " ·eight, ancl the compntecl tatic magnification is 130. The 
masses a re slung as horizontal pendulums by short piano-wire links, ancl have 
been adjusted to seven seconds period. They are critically clamped by oil 
damping. 'l'ho recording drum is 2 .4 cm. in diameter, 30.5 cm. long, and is 
rcvolYed by an escapement clock mechanism so that the paper speecl is 30 mm. 
p c1· minute. The constants as here stated are somewhat different from the 
Yalucs given in Volcano Letter Xo. 142, where thi installation w:i first de­
scribed. The changes are due to more accurate tests made after that publica­
tion was issued, a nd to readjustments of the instrument. The two penclulums 
arc suspended one in the south, and one in the east corner of the room. being 
fastened directly to the concrete of the structure it elf at points of its maxi­
mum strengt h. 'l.' hc axes of the two components are oriented true north-ancl­
south a n d east-and-west. 

Some d ifficult~, was encoun tered <luring the first few weeks of operation of 
the station clue to exccssi,·e dampnes . There was Yery little ventilation pro­
vided at fi1·st, in order t o avoicl possible air currents. Slight ventilation, how­
e,·er, was fo uucl necessary in order to c:irr~- off th is dampness and prevent the 
condensation of moisture on the upper parts of t hu walls and ce iling. 
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The airline dista11ce of this station from the H awaiian Volcano Observatory 
js a bout 23 miles. 'I'his furnishes an exce llent base with which to plot distance 
intNsections for the epicente rs of such local earthquakes as may record them­
selves at both stations. During the last two weeks of September the records 
were mainly experimental while the various adjustments to the instrument 
were being made. '!'here were 13 local earthquakes rccorclccl in October, and 
au excellent reco,·cl of t he Alaskan earthquake of Octobc1· 24 was secured. 
Nine of t he local earthquakes were also recorded at t he Volcano Observatory, 
so that most of 'them could be determined in position. D uring :November t he 
new sta tion recorded 12 local ea rthquakes and three telescisms. The records 
so far have shown themselves to be exceptionally free from local disturbances 
and pen wanderings clue to changes of temperature. Temperature within t he 
building is remarkably even clue to t he t hick walls a nd the fact t hat the 
building itself jg shaded during mo~t of the clay from the direct rays of t he 
sun. Microseisms arc recorded at most times, which attests the sensitivity of 
the instrument. 

VOLCANIC CONDITIONS IN NOVEMBER 

Activity of H alemaumau 

'I'hc activity of ' H alemaumau dm·jng the month was confined to slightly 
changing conditions within t he pit. There were the usual slides and avalanches 
as parts of t he walls crumbled and fell, sometimes making consiclcrnble noise 
aucl sending up cloucls of dust. These are always closely watched jn order 'to 
ascertain any changes in volcanic conditions portrayed by working of the 
walls. An analysis of wall activity seems to indicate that the slirles vary in 
frequency and intensity with the increase ancl decrease of pressure of 'the 
magma within Kilauea Volcano. The walls appear to be more quiet when 
there is a rise in t he invisible lava column; when the "tide" recedes, avalanches 
are frequent because with the lowering of the pit bottom there is an inwarcl 
slumping of the walls, and are probably aecentuatecl because of ''stretching'' 
ancl loosening accomplished when there jg pressure deep underneath. '!'here is 
also wall activity following a soaking rain, when the clryin~-out process loosens 
the wall material. An attempt is made to correlate the quiet and active periods 
of the walls with the variatjons in ground tilt as measured by the seismographs 
in the cellar of t he Observatory on the northeast crater rim (sec map on last 
page). 

There are a great many steam vents ju the lava floor of the crater and on 
t he floor ancl walls of Halemaumau pit. 'I'he activity of these vai·jes with con­
ditions of the atmosphere. Often i n very dry weather there is little vapor to be 
seen, while in p rotracted wet spells the steam is so thick as to hide all the 
details h1 the pit. 

A total of 191 local earthquakes and three teleseisms were recorded at the 
Hawaiian Volcano Observatory during the month. The greatest number of 
shocks recorded in one clay was 29 on November 5. All arc f ully listed in the 
Seismometric Record . 'l.'he tide gauge at Hilo recorded a small tidal wave 
made by the distant earthquake of rovember 4, aucl a disturbance of the 
,rn ter level was noticed by workmen on t he b reakwater about O a. m. 

JOURNAL, NOVEMBER, 1927 

November 2. Rainy aucl misty weatbe1·. The pit at 2 p. m. was a very 
hrillian t reel with fro n oxides, and 'the new lava floor jg blue black, with the 
central ancl northern cones giving off vapor. Vapor on the taluses was increased 
by virtue of the clamp weather. A trickle of rock was he::rrcl at tho SW. 

The west wall and talus slopes show much more reel oxide color towanl the 
bottom t han toward the top of the wall. '!'his is t rue all around, but the west 
wall is t he reddest. 
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November 5. At 3 to 3 :30 p. m. the pit "·as quiet uncl the weather clear 
ancl <li-y. ExtrnordinaTily little steam; only snrnll patches of visible vapo r at 
N \V., S\V., ancl S. taluses ancl the north cone. W hite steam shows at a hole NE. 
of cen tral cone. 'l'herc is slight sulphur stain at the wet steam vciit i n S. talus 
200 feet above the floor. Slight rock trickles hearcl S. ancl N. 

November 7. A considerab le avalanche in NE. corner of pit at 1:15 p. m. 
was sho~nt by dust rising. 

November 8. Dust from slides N. and NE. at 8 :30 a . m. hung iu the air 
fo r more t han 15 minutes. 

November 9. 'l'he pit was quiet at noon, and vaporing was slight. There 
was new talus m:1terial NE., :K., ancl SSVv. A consiclcrablc notch in NE. wall 
has clcvcloped dur ing the past summer. 

November 11. At 2 :40 J). m. rocks "·ere sliding S. That ,rnll is strcrikec1 
with cl ust from sliclcs, and the NE. corner is scarred, one place just below 'the 
1·im. All walls are d ry and dusty, and the floor thickly coated. 

Rather continuous rock trickles S. were oecurring at 2:50 p. m. 
'l'he trail crossing crack at 14-ton bowlder has dangerously sunk, but the 

crack itself has not widened. 
A slide at S. corner at 3 :10 p. 111. sent bowldcrs t umbling the fu ll length of 

the S. talus. There have been many slides here. 
The middle and northern cone vents steam steadily, ancl the S. cone steams 

in puffs, perhaps nccentuatcd by the dust of t he slide. 
November 13. 'l'he pit was quiet nt 11 a . 111., hu t the floor \\·as covered with 

t a n-colored dust, t hickest at the base of SSW. talus u nder the two 'tunnels. 
Nine tropic birds "·ere flying around the lower of the t\\'o tunnels as though 
nesting there. Difficult to see where is t he scar left h_v the recent avalanches. 
Appe,us to b e eit her under S. station or a widening of the big avalanche of 
September 9 nt the SW. 

The sulphur patches SE. and E . arc both still ~-cllow, unmasked by dust. 
At 9:40 p. m. and n, few minutes later noisy a,·alanchcs were heard. 
November 16. At 2 p. m. the pit "·as t he same, the bottom was dusty a nd 

Ycry dry, and n, small trickle of rorks was heard at the S . wall. 'l'he uppcl' 
south wall is cracked "·est of south static,n for 50 feet, and is ready to fall. 
Vel'y fresh cracks in dir t. Slides occurred ":xW. 

November 19. At 4:15 p. m. tbe weather was clear, with light NE. "·incl. 
Recent rains haYe washecl away most of the floor dust of Halemaumau. Fresh 
brown clehl'is lies on the NE. talus. Rocks were heard fal ling once or twice 
at the north. The pit is dry, with a little steam at the usual places. 

During the forenoon much dust was blowing at the S\V. l'im of Kilauea 
Crater. 

November 23. At 11 :20 a . m. there were no marked changes in the pit. A 
little steam rose next the hole in the miclclle floor cone. 'l'he NE. talus had 
fresh dark reel debris from a wall scar of same color abo,·e. 

The cracks formerly steaming arouncl t he automobile 'tel'minus seem to steam 
much less at present. 

'l'hc recent floor dust still shows in sunligh t, but it has clustered in puddles 
of dried mud. 

November 27. At 11 a. m. t he pit was stcnming from walls i n several 
places owing to rain falling, as "·ell as many places on bottom and taluses. 
'l.' hcrc are small falls of rock making dust visible from a distance t hese clays. 
Most of t hese arc slowing stl'ipping the N . and NE. walls. 

November 29. A tall cumulus clou cl remained over Mokuaweowco, on Manna 
Loa, a lal'ge ptll't of t he clay, and later there was a persistent possible fume 
cloud. 

, November 30. No change seen in Halemaumau a t 9 a . 111 . 'l'here is still 
:walauche clus't on the south side of the floor . Avalanches at the north mako 
clust occasionally, but no fall s were heard at t he time of visit. 
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Figurn 43. October 5, 1927. A,·alanchc from north wall of Halcmaumau at 
10 :27 a. m. Photo Evans. 



l!'igurn 4-1. Now seismograph station nt Hilo. Buik1ing constrncted in June, and t he i11st n1111Pnts installed i1t September . 
.L:rolhe1· J. B . Albert i n charge. Ph oto Wilson. 
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Figure 45. Inte rior of H ilo stntion showing one of the hor-izontnl ))<' lHlulums 
nn d the i-cconling lll cchanislll. Photo Wilson. 
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SEISMOMETRIC RECORD 

There were 191 local earthquakes and three teleseisms i-econlecl on the 
Observatory se is mographs during the month e ucl ed at midnight Kovembcr 30, 
1927. These and other phenomena :no listed bolo\\'. '!'he time usecl is Hall'aiian 
Standard (time meridian is 157° 30' W. ), which is 10 hours and 30 minutes 
slower than Greenwic h 'l' ime. 

The greater 11umber of t he very f eeble local shocks counted in the list make 
s uch minute 1·ecords t hat t he character of t he disturba nce is n ot al\\':iys ap­
parent. Some :i re trne ear t hquakes; others arc p erhaps the parts of greater 
amp lit ucle of a continuous o r protracted tremor, which at other times may be 
loo feeble to 1·eco rcl; some seem to be records of vibrations set up by a,·alnnches 
in t he pit of I-Ialemaumau. 

Abbreviations used below arc a$ folloll's: v f, very feeble; f, feeble; s, sl ight; 
111, modernt e; d , instruments dismantled; fl, felt locally; t::;, indicated distance 
in miles; *, continuous t remor : 

Local E arthquakes 

Kovembcr 

l 3 :lG a.m. f. t::;19. 
4:52 a .111. vf. 
7 :31 a .m. vf. 

2 2 :04 a.m. vf. 
11:20 a .m. vf. 
11 :49 a.111. vf. 

1 :04 p .m. vf. 
1 :09 p.111. vf.t::;lG. 
l:l!Jp.m.vf. 
1 :27 p.m. vf. 
'.l :57 p.m. vf. 

10 :12 p.m. vf. 
a 12:15 a.m. vf. 

2:38 a.m. vf. 
3 :37 a.m. v f. 
4:53 a .m. vf. 
5:30 a .m. vf. 
7 :10 a .m. vf. 
7 :19 a .111. vf. 
7 :59 a.111. vf. 

:29 a.m. vf. 
10::-J4 a.m. vf. 
12 :32 p.m. vf. 

1 :48 p.m. vf. 
4 :30 p.m. vf. 
6:15 p.111. vf. 

4 1 :55 a .111. vf. 
2 :02 a .111. vf. 
2:22 a.m. vf. 
:-J :19 a.m. vf. 
4 ,0,1 a.111. vf. 
9:21 a .m. vf. 

10 :57 a.m. vf. 
11 :00 a.m. vf. 

3 :01 p.m. vf. 
5 :37 p .111. vf. 
G:05 p.m. vf. 

5 

7 

8 

9 
10 

12:20 a.m. v f. 
a :10 a .m. vf. 
G:05 a .111. vf. 

:31 a .m. vf. 
10 :·H a .m. vf. 

l :37 p.m. vf. 
1:41 p.111. vf. 
1 :53 p.m. vf. 
2:06 p .m. vf. 
4:08 p .m. vf. 
4:21 p.m. vf. 
4 :53 p.m. vf. 
5 :05 p.m. vf. 
5 :37 p.m. vf. 
5 :40 p.m. vf. 
5 :47 p.m. ,·f. 
5 :54 p.m. vf. 
6:09 p .m . vf. 
6 :23 p.111 . v f. 
6:56 p.111. vf. 
G:59 p.m. vf. 
7 :30 p.111. vf. 
7 :51 Jl.lll. Vf, 

:22 p.m. vf. 
:2 p.m. vf. 
:57 p.m. vf. 

9 :02 p.m. vf. 
9:20 p.111. vf. 
9 :38 p.m. vf. 
7 :23 a.m. vf. t::;5 
9 :13 a.111. vf. 
'.l :21 p.m. vf. 
8 :12 p.m . vf. 
2 :54 p.m. vf. 
5 :05 p.m. vf. 
5 :52 a.m. vf. 

12:56 a.m. vf. 

12:43 p.m. vf. 
7:2 p .111. vf. 

10 :04 Jl.111. \'f. 
10:40 p.m. vf. 
10:43 Jl.lll . Vf. 
11:47 p.m. v f. 

11 6:00 a .m. vf. 
G:05 a.111. vf. 
6:07 a .m. vf. 
6 :09 a.111. vf. 
G:10 a.m. f . t::;14 fl. 
6:41 a.m. vf. 
G:44 a.111. \'f. t::;lG. 
8 :59 :un. vf. 
9 :01 a.m. vf. 

10:59 a.m. vf. 
12 12 : 22 a .m. vf. 

12:24 a.m. vf. 
1 :12 a.m. vf. 
9: 15 a .111. ,·f. 

12:1 p.m. d. 
3:12 p.m. \'f, 
4:03 p .m. d. 

13 9 :48 p.m. d . 
14 1 :40 run. vf. 

5 :05 a.m. vf. 
6 :50 a.m. ,·f. 

11 :09 a .m. vf. 
11:49 a.m. vf. 
1:39 p.m. vf. t::;2.,. 
1:4 p.m. ,·f. 
1:50 p.m. d. 
4:17 p.111. vf. 
G :41 p.m. vf. 

15 7 :30 a.111. vf. 
1 :lG p .m. vf. 
4:04 p.111. vf. 
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5 :48 p.m. v f . 17 2 :06 a .m. vf. 5 :36 a .m. Yf. 
10 :22 p.m. Yi. 4 :50-4 :55 a .m. vf * 9 :12 a .m. vf. 

16 1 :00 a .m . Yf. 5 :02-5 :07 a .m . vf * 22 11 :57 p.m. vf. 
1:01 a. Ill. Yf . 6:05 a .m. vf. 23 11 :12 a .m. vf. 
1: 02 a.m. vf. 11: 20 ru n . vf. 2 :58 p.m. vf. 
1 :05 a .m. vf. 5 :10 p.m. vf. 25 5 :50 a .m. vf. 
1 :08 a.m. vf. 18 l l :36 a .m. vf. 9 :36 a .m. Yf. 
1 :10 a.m. vf. 3 :55-4 :00 p.m. vf * 12 :44 p.m. vf. 
1:13 a .m. vf. 5 :46 p.m. vf. 11 :16 p .m. Yf . 
l:H a .m. v f . 6 :46 p.m. vf. 26 6:52 a .m. Yf. 
1 :lG a .m . Yf. 8 :31 p .m. vf. 27 8 :49 a .Ill. Yf. 
1:17 a.m. vf. 19 1:14 a .m. vf. 9 :01 a .Ill. Yf. 
1 :20 a .m. vf. 6 :02 n.m. vf. 10 :26 a.m. vf. 
1 :21 a .m. v f . 7 :01 a.m. vf. 1 :24 p .m. v f . 
1 :22 a .m. vf. 7 :06 a.m. ,·f. 2 11 :44 a .m. vf. 
1 :24 a .m. vf. 7 :11 a .m. vf. 12 :57 p .m. vf. 
1 :25 a .m. vf. 7 :16 a .m. vf. 3 :09 p .m. v f . 
1 :26 a .111. Yf. 7 :26 a.m. vf. 3 :40p.m. vf. 
1 :2 7 a .m. vf. 7 :31 a .m. vf. 29 12 :17 a .m . Yf . 
1:28 a .m. vf. 11 :29 a .m. vf . 3 :45 p.m. \"£. 
1:30 a .m. vf. 12":11-12 :13 p.m . vf. * 30 12:55 a .m. vf. 
1:35 a .m. yf_ 6 :59 p .m. vf. 3 :13 a .m. vf. 
1 :50 a.m. vf. 20 6 :19 a.m. vf. 7 :49 ,,.m. vf. 
6 :29 a .m. vf. 7 :12 a.m. vf. 10 :21 a .m. vf. 

12 :14 p.m. vf. 5 :50 a .m. vf. 4 :03 p.m. vf. 
5 :25 p .m. v f . 6:10 a.m. v f . 11 :37 p.m. vf. 
9:54 p.m. vf. 21 2 :37 :1.111. vf . f1 8. 

Teleseisms 
November 4 

eP 3 :27 :45 a .m. 
~ 3 :30 :00 a.m. 
S 3 :33 :28 a .m. 
Sr 3 :35 :53 a .m. 
L 3 :37 :50 a .m. 

This telcsc ism cau se,1 :l sm all tidal 
d eter t:>h le on ly on the tide gau ge. 
tanrc t o origin is 2,H 0 milC's. The 
is 3 :20:32 a . 111. H a \\"ai ia n 'rime. 

"~uvc in Hilo, 
Incl ic:ttcd cl is­
time at origin 

November 14 
cP 10:06:37p.m. N o other phases_ r ecogn izable. Very feeble r eronl. 

November 18 
S OJ" L 8 :46 p.m. VNy feehle record. 

H armonic Tremor 
T his type of t remor was absent t hroughout th e mont h. 

Microseismic Mot ion 
Mie l'osc isms w el'e strong er t ha n normal on Nov ember 15 a ntl 16. 

Tilt ing of the Ground 
By weeks t his movement was as follows, ex pressed as a ngular cha nge :rn tl 

c1 irection of motion of the p lumb line : 
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Oct obe r 26-November 1 ... ..... . . . . . . . .. . . . . . . . 0.7 second SSW. 
Novembe r 2-8 ... ... ..... . .... . . . . .... .. .... .. 0.6 " SSE. 

' ' 9-15 .. . ... .. .... .. . . . . . . . . . ... . .... 1 .1 '' NE. 
'' 16-22 .. . . ... . . ... .. ...... . . . . . ... . .. 0.9 '' NE. 
" 23-29 ... ........ . . ... .. . . .. . .. . .. . . . 0.7 " SE . 

T . A. JAGGAR, 
Volca nologist. 
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l<.11.. A UEA 

L•1cnd 
Oo,,a,nmcnl Rooo' 

Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and correspondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii: 

'l'he Observatory is operated by the U. S. Geological Survey, and its work 
is supplemented by the Hawaiian Volcano Research Association. The main 
station is on the northeast r im of Kilauea Crater. Subordiirnte seismograph 
stations are operated by the Research Association under the direction of the 
volcanologist in Kona and Hilo. 

'l'he Kilauea station operates horizontal pendulums of the Bosch-Omori type 
and receives time by wireless from the Honolulu Naval Station. Observatory 
Lat. 19° 25' 54.3" N.; Long. 155° 15' 39.6" W .; Elevation cellar 1214.6 meters 
(3985 feet ) . The Hilo and Kona stations operate horizontal pendulums. Their 
8eismograms are sent to the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
1911, transferring tlte plant to the Government in 1919, but continuing coopera· 
tion in experimental work by furnishing funds and apparatus and workers as 
needed by the Government Volcanologist. It is a corporation unde• the lo.ws 
of H,1waii, governed by a board of directors, and financed by the subscriptions 
nf its members ancl patrons. Its aims are identical with those of the Observa· 
tory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
canologic specialists to Hawaii, and (3) 'ro promote worldwide knowledge of 
volcanoes and earthquakes and the foundation of more volcano observatories. 
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MAP AND STATION DATA 

REVIEW OF LOCAL SEISMIC FEATURES FOR THE YEAR 

The year 1927 was a comparatively quiet one considered from the point of 
view of seismic and volcanic activity. There was throughout the year the 
usual run of very feeble tremors, with occasional stronger shocks which made 
themselves felt. While there were very few spectacular f eatures, yet times of 
repose of the volcanoes, and times of r elatively low seismic activity, a re never­
th eless phases which must be studied. It is during these quiet phases that 
search must be made for symptoms which may foretell coming activity. 

The number of local earthquakes r ecorded during the year was 1,149. Th e 
19 teleseisms r ecorded have been omitted from this count and will also be 
omitted from the fo llowing discussion as this review is to concern purely local 
conditions. Of the local ear thquakes, 1,121 were of the very feeble class. Six­
teen were feeble, 9 were slight, and 3 were moderate; 17 of these were r epor'ted 
as perceptible. As is noted in the explanatory paragraphs of th e Seismometric 
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Records of the Monthly B ulle tins, the v ery fee ble tremors recorded :n e diflicult 
to classif y as t o cause. They are of intere t 1Uore for their n umbers and th eir 
grouping into swarm . The t erms denoting intensity r epresent approximately 
the following quival ents in millimet ers p er se ond per second of maximum 
acceleration: Very f ee ble, 2.5; feeble, 5.0; sligh t, 10.0; moderate, 25 .0. 

It urnst b e her e notecl that these earthquakes are lo cal not only in their 
origin, but also in t heir effects. Even t he h eavier volcanic shocks are usually 
shallow ancl not f ar-reaching, and are not often record ed a 'l'l·ay from th e island. 
TJ1ey must not be con.fused with the deep-seated t eetonic ea rthquake which 
somet imes shake t he whole earth ; such shocks seldom origina t e in Hawaii. 

The instruments at the Observatory upon whi ch t hese disturbances are 
r ecord d .are hor izontal p endul ums of the Bosch -Omori type some'l'l·hat altered 
in detail t o fi t t he need of lo ca l conditions. Th ere a rc two componen t s, north­
south and east-west, with inertia masses of 100 kg. , both r eeor din g 011 smokecl 
paper on th e samo drum. The static magnifica t ion use cl i 116, ancl th e in stru­
ments are run with th eir free p eriocls adjusted t o seven econ ds; th ey are oil 
damped t o aper ioclici ty. R ep orts from this tation of the heavier local earth­
quakes frequently speak of th e instruments b eing disma ntled. Thi term leacls 
to some confusion in the mind of those not acquainted with ei mograph eon­
s t ruetion. ·when the i nstruments are so clisma nt lccl it doe not in a ny sen e 
mean that they are damaged. The coupling link bet" ·eeu the boom of the heavy 
mass :rncl the magnifyi ng lever is so arranged that ear thqnake of dangerous 
intensit y will ca use this coupling link to become cli engaged, ther eby saving 
th e instrument from dama ge. It is th e t hrowing off of this coupling link, 
r eplaceable in a few seconds, which jg r efer red to a "di mantling." 

Decluctions from a general rnvi ew of the year' earthquake a re fa eilitated 
by considering the grouping and freq uency of the shock . The freq uen cy curve 
here ubmittecl ( figure 47 ) is made by p lotting onl'lapping three-day means, 
so that the number indicat ecl by th e eurve for any particular day r ep1·esents 
the av crnge number of shocks p e1· clay f or the th ree-day group of whieh that 
day is th e midclle. 'fo plot the n u mber s for each day a they oceur ':'ould 
result in a jaggecl curve whieh would be d ifficult to read so that this slight 
smoothing is adv isable. '1'l1e numbers of ear thquake haYe been u ed regard­
less of t heir i ntensity. An ea r t hquak e al o ,·e the grade of very feeble does 
not, therefore, affeet th e eurvc more t han would a ,·ery feeble t remor. I n or der 
to show when these more intense sh ocks occurred, they are repre ented by clot 
above th e ctn ve; t)1e size of clot r oughly repre ent relath'e in ten ity. 

TJ1 e crests of this eurve exhibit a po ible periodicity which may corre pond 
with certain phases of the moon . Ocean ticle are can ed by ]uni-solar attrac­
tion, an cl small er tides in t he olid cru t of the earth a r e known to exist from 
the sa me cau se. The connection, therefore, between ear th quake frequen ey ancl 
th e pha es of th e moon i · un derstandable, and ha been d iscussed quite f ully 
by H. 0. \;voocl in the econd Report of the Ha"·aiian V olca no Ob ervatory, 
publish ed in 1917. The elate of t he quarter pha es of th e moon cluring 1927 
have b en indica ted fo r compari on with the e ere ts of earthquake fr equ en­
eies in t ho cu r ve given her e. 

Th e out ta ncling sei ·mic featu res of the year are few. Th e heavy ear thquake 
of March 20 ha b een cle cr ibecl in the B ulletin of that month. The series of 
seven p erceptible shocks, wit h t wo others nearly large enough to be felt, dur­
ing th e la t week of July ancl t h e firs t few cla~,s of August, r epresents a notiee­
able feature :incl suggest collap e upon the retir emen t of the l av a column . 
Th e harmonie tremo1· that oeeurrecl during the July eruption of lava was men­
tioned in th e Seismometric R ecorcl for July and wa r efen ecl to in the descr ip­
tion of th e eruption. A very unusual a nd remark a ble swarm of spa smodie 
tre mors cam e on December 3 ancl 4. Thi wa rm ,\'as so clearly of volcanic 
origin th at surface manifest a t ions of activit~, wer e moment arily expect ed, bu t 
apparently n o such visible a ct ion oceurrecl. Ot her high p eaks in th e numbers 
of tremors cluring "ovember and December p erh aps r epresent similar swarms, 

92 



though their records clo not so clearly show them to be spasmodic t r mor of 
true volcanic type. 

The southwest storm which began on Decembor 25 uncloubteclly had some 
seismic effect either through the barometric cha11ges ancl high winds which 
accompanied it, or th1·ough the heavy precipitation which occurred at that time. 
A peculiar feature occurred ou June , when a visibl e flash ·of light and a con· 
cussion as if from an c:-.-plosion were reported from widely separated point on 
the island. A small tremor was recordecl at the same time on the Observatory 
seismographs. It is suspected that t hese phenomena represented the fall of a 
meteorite1 though no traces of i t have yet been found. 

Tilting of the gro und as recorcled by the slow and persistent wanderiug of 
the recording pens of the seismogr aph has been fo und t hrough past years at 
the Observatory to be well worth ,observation. Such tilting away from th pit 
of Hal emamnau has in general been correlated with rising of the .lava column, 
while tilting towards the pit has usually come " ·ith retirement of the lava 
or at times of gen eral collapse. The tilt at the Obsenatory appears to have 
a normal annual range of about JO seconds of arc towards the pit (southwest) 
during the first half of the year, and a recovery during the second half. This 
normal movement and some other horter period variations may not be trictly 
dne to volcanic causes. Genernl temperature changes either of the instrument 
room, of the ground upon which the Observatory stancls, or of the face of the 
cliff near t he Observatory may procluc tilting ell'cct ancl so account i"n part 
for t his annual change, though experiments how t hat it certainly is 11ot a 
purely local movement. Volcanic conclitions are ,k1101rn to p roduce tilt al o, 
ancl these volcauic tilt effects arc superimpo eel upon the t il ts produced by 
other causes. 

Th e cliagram here shown (Figu re 48) indicates the change of tilt during 
1927. Th e method of illu ·trating it is the ame as used by Knott to show 
diurnal tiltings. Suppose a wancl to be placed upright at n place on the earth 's 
surface, with its uppe1· end bearing upon a sheet of paper supported fr ee of local 
earth movement . Tilting movemen ts of the gro uncl at that pla ·e would then cause 
the upper encl of the wand to tra ce a curve on the J)aper accot·ding to direct10n 
and amount of the tilt. T he wand may be supposecl lo ng enough to pr oduce 
the necessary magnification. The cl iagram represents the wandering of the 
tip of such an imaginary upright pointer wh ich would be caused by the gromHl 
tiltings at the Observatory. The progres of the line in the cliagram repre ents 
t he direction of tilting fo r t hat JJar ticular time, ancl the amount of motio11 is 
r epresented by th e space between the nrnrked elates. This is a smoo'thed cur ve, 
r esulting from the use of overlapping scvcn-clny 111 em1s. 

It is of interest to note how clearly the time of the July eruption stands 
out on this curve. A definite cha11ge of dire tion begins with the beginning of 
the eruption and encls about the time lava ceased to 11ow; the cur ve then takes 
up the course it was following before t he eruption. Another interesting feature 
is the very rapid surge of tilt to wa rd the south dur ing the last part of December. 

The scale of the diagram is imlicated i n seconds of arc of tilt. This has 
been arrivecl at th rough the mathematics of the seismograph, ancl has been 
approximately verified by test. The amo un t of tilt.in cr involved is evidently so 
small as to be cletectecl only by very sensitive instruments or by accurate spirit 
leveling. 

Avalanching in the pit of Halema umau is not a seismic phenomenon, but the 
·lose correlation b etween ;civalanchin g ancl earth 'tremors, either as rauEe or 
effect, makes it interesting to mention here. Spell of avalanching may per · 
haps be caused by inward tilting of the walls of the nit, which shoulcl be i n 
some way correlated with grouncl tilting at the Observato ry. The times of 
major spells of avalanching during the year have been roughly indicated on the 
earthquake fr equency diagram. Avalanches are as a ru le hard to photograph, 
as the larger ancl more interesting ones come un expectedly a ncl clo not last 
long enough to allow prepa ration of cameras. Dr. S. A. Barrett, Director of 
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·the Milwaukee Public Mu euUl, was especially fortunate in thi regarcl in, by 
cha nce, getting an excellent motion picture of the big aval:mcbe of September 
9. A copy of this film which he suppliecl to the Ob ervatory has since been 
shown r egularly at the Uwekah1ma lecture morn. 

Shortly befo1·e the July rup'tion, it was noticed that the rim crack around 
the pit had suddenly widened . Some of t hese cracks were marked, a11d routine 
mea nrements of their ·width have been made at intervals since that time. '.i'he 
sudden and definite widening first noted was a bout June 22. Pr vious measure­
ments had not b ell made, so the amount of movement at tha.t ti me i. J1ot 
known, but it was of the order of several iuch es, ancl the disturl eel region ,,·us 
about 1,200 feet of the southeast rim of t he pit. There e med to be no definite 
widening during the July eruption. A noti ea ble movement occunecl about July 
24 near the SE. station at the '' Halemaumau sign.'' The cracks at the same 
place widened again during the last f ew clays of August, and the small section 
of rim carrying the SE. station fell in on September 19. Mo t of the ·racks 
measured show an even and gradual widening amounting to one or two-tenths 
of a foot during the si..'i: mouths. During the latter half of December a move­
ment of three or four-tenths of a foot has occurred in t he crack near the H· 
ton bowlder at the cavt siclc of the pit,. 

THE U WEKAHUNA SEISMOGRAPH 

When the Uwekahnna Observatory and Lecture Room was planned, pl'ovision 
was made for an exhibit ion seismograph. A small alcove at the back of the 
room was built, with a large concrete pier founclecl upon solid rock ancl ep:nat­
ed strncturally from oth er parts of the b uilui.ug. In October, 1926, when Dr. 
J aggar was in Japan, he anangecl for tbe purnhase of a tluee-cornponent Japa• 
nese seismograph of moclern clesign to occupy this alcove. The instrument was 
made by Akashi & Company of Tokyo. 

The seismograph is of a ·tanclarcl Japane e design, except that for the 
horizontal c9mponents Dr. Jag"'ar specified wire uspcnsion for the inertia 
masses instead of the cup and pivot arrangement. The t hree components have 
inertia masses of about 6.4 kg., and the static magnification is adjustable to 
any desired value between 10 and 50. The J1orizontal component are now being 
operated at the high er value. The vertical motion component is mounted on 
the same base plate with the two hol'izontal components. All three units r ecord 
on the same drum, using mokecl paper, with the paper traveling 50 mm. per 
minute. Fre h paper i placed on the drum once every 24 hours, Damping is 
electromagnetic. The instrument i quite compact, the ,vl1ole ba e pla.te meas­
uring only 70 by 80 ccntimetC'1·s. It was mounted to conform with the orienta­
tion of the builcli.ng o that the h1·0 horizontal pcuclulum. hang approximatel,v 
south 38° west and south 52° ea t, respectively, from their supports. This in­
stallation is 0.9 mile north-northwest of tho center of the pit of Halemaumau, 
and is therefore nrarer to the pit by 1.7 miles than is the Hawaiian Volcano 
Observa'torv. Fo1· this rea on it· 1'ecorcls of avalanche tremor have tended to 
be of greater amplitude than the ame disturbance record.eel on the more cli · 
taut instruments at the Volcano Ob ervatory. It is probable that comparative 
study of the record of tbe two tations will be an aid in cleciding which of the 
many very feeble local tremors now registerecl are lue merely to superficial clis­
turbances in the pit. 

The instrnment so far has given goocl results, although it i. not operating 
under conditions tending toward its be t efficiency. Disturbances of car loads 
of people coming for lecture and of crowds of people moving about within 
the building make irregularities in the records. Tlte room has a con iclerablc 
daily range of temperatul'e, which has a distm-bi.ug effect on the r •ord.ing posi­
tion of the pens,·particularly in the ca e of the vertical component. 

Any loss in efficiency of operation is more than compensated, l1owever, iu 
having this modern instrumen t available for the inspection of visitors. Lec-
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tmes are made much more interesting by the presence of a seismograph in 
actual operation, to show more clea rly th e relation of sci mology to th e mechai1-
i m of the volc:rno. · 

VOLCANIC CONDITIONS IN DECEMBER 

Activity of Halemamnau 

There were numerou !ides throughout the month which increased in the 
period between December 17 and 28, when there was a heavy storm from t he 
south and southwest. Loucl avalanches were freq uently heard as the month 
dr ew to a close. Th e stripping of the wall , disclosed c1ykes northeast and south­
west hi t h rto mmoticed. The avalanch es anc1 slides cm to have been occa­
sioned by a lowering of the p it bottom, a uggested by the tilting of t he groullll, 
allowing tb c walls to tip inward; and by t be excessive soaking from rains. The 
east rim cracks by measm emcnt showed widening dming t he month, which 
seems to check with t he lo'l\-ering of the lava column and the inward-tipping of 
th e walls. 

Th e amount of rainfall is interesting, being the greatest in recent years. I t 
is t abulated below by clays. Note that December 25 had 7.80 inches. 

Day Amount 
1 . .. ..... . .. .. .. . .16 
2. . .. . . .. . . ... .. . .17 
3....... ... .... .. .01 
4 ..... .. .... . . ... Trace 
5... .. . . . .. . ..... .00 
6 . ..... . . .. . . .... .13 
7 ... . . .... . .. .... 4.00 
8 . .... .. ... .. . ... .08 
9. ..... .... ...... .01 

10 . ... . . . . . .. . ... . 1.6 
11 . ..... .. . ..... .. 2.40 
12 . .. .. . ... .... . . . .43 
1:1 . .. .. ... . ...•.. . J .40 
14 . .. ... .. .... .. .. I.l 
15.... ... .... ... .. .98 
16.............. . . .15 

Day Amo1mt 
17.. .. ..... .. ..... .45 
18...... .... .. .. . . .15 
19 ... ... ~. . . . . . . . . .67 
20.... . .. . ..... . . . .31 
21 .... . . .. . ..... . . 1.85 
22 .. .... .. . .. . . . .. 3.00 
23 .. ....... ....... .95 
24 ..... .. . ........ 2.00 
25 . . . . .... .. . ..... 7.80 
26 . . . .. . •... .... . . 4.50 
27 ......... . ...... 7.45 
28. . ......... . ... . .85 
29.. . ...... . ...... .19 
30 . . . ....... .. . ... .12 
31.... .. ... . .. .. .. .08 

Total. ...... . .... 43.15 

JO URN AL, DECEMBER, 1927 

December 6. Rocks were heard falling from the north wall at 11:27 and 
11 :35 a. m. At 11 :41 a small slide r\TE. made a li ttle du t . 

A ver tical cleft "·as noticed in the wall at t he W. end of the N . sill. Fresh 
red scars 011 the . wall indicate slides have occuned there. The IJit was 
extremely quiet ancl clry. 

December 7. At 10 a. m. the pit was wet from rains ancl full of color. The 
center cone steam profusely, and other team vents have also increased their 
activity. 

December 10. Th er !3 was nothing noticeab ly new at Halernaumau at 2 p. m. 
One small sli 1e of rock was hea rd at the north . 'l 'h ree ])laces t ha t have fresh 
broken surfaces all the way to the top of the walls are NVi ., NE., ai1e1 over t he 
SW. rift. Th e nol' thwest uiehe is b1·oken a·11·n.v by this tripping of t he wall 
above the NW. talus. Th e p' :,ce i under the ?-'W. station. next to the Postal 
Rift cavern. At the r\TE. stripped wall there i fl curved red fill in cross-section, 
against a dyke of crack ect rock east of it. 

December 13. A slide wa ·· heard at 3 : 55 p. m. 
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December 14. The pit was quiet at 11 :40 a . m., and t he air was calm. Th-e 
walls wer e a b rilliant i-ed after rain . rote five clykes up J\1E. wall and four 
SW. Also a net of reticulate intrusions i n NE. wall over E. end of N. sill. 
The sill, wJ1ich fornle rly woulcl remain hot and clry after rain, is now dark wi th 
moisture, bu t there i. a large dry patch at t he top of its E. end a ncl anothe1· 
in the wall above. Also thei;e is a dry patch on t he :r. side of t he W. boss. 'l'l1 e 
extremely brill iant brick r ed of the walls, mal"ldng iutense oxidation of the 
lava flows of the last century, is very striking. 

The wall steams around the edge cracks on top S., SvV., W., NW., an l NE., 
and the lower wall NE., E., S., SW., and NW. The taluses S., SW., and NW. 
steam the most. Th e lava floor shows clry place about t he edge of t he eastern 
collapsed area. It steams at the three cone vents. 

Rock falls were hearl every 5 or 10 minutes NE., N ., and S. No other 
noise was heard in perfect ly still air. 

December 17. Nothing new at t he pit at 2 p. m., and no slides heard. The 
talus slopes appear unclisturbed after much r ecent r ain . othb1g appears fresh· 
ly fallen or freshly br oken. 

December 28. First visit to Halemaumau for 10 clay owing to heavy Kona 
(southwes t ) raiu a.ncl wind storn1 . The pit is nearly f ull of steam, but a gl!mp e 
was had of the bottom with hundreds of steam tails blowing from the west. 

Almost b1cessant slides occurred from all sides, some roaring avalanches 
NE., and SW. This was at first thought caused by washing out of talus and 
undermining by the storm, but seisniographs show t hat excessive tilt S. and 
SE. has begun, ancl it looks as though lowering of the lava column under Hale­
maumau might be beginning. Thi mu t be watched. 

Avalanche roars from the pit were repol"ted. 
December 29. Prolonged roar of an avalanche wa heard at 8:15 a. m. 

Numerous avalanche roars have been hea1·d lately. 'l'oday, ju t as yesterday, 
t he rocks a1·e falling. The pit is clear ancl walls ,vet ancl red except one place 
above W. end of '· sil l. This place appears to be dry because avalanches 
have str ipped it, which is proved by t he large pat ch of dry fragment on t he 
t alus below. Big slides were observed W. and N., and small ones NE. x vll ., 
and S. The material is so wet it makes nb con iderable dust clouds. 

The Uwekahuna seismogram sho"·s m;wy t remors la ·t nigh't, larger propor ­
tionately to its magnification than t he same (avalanche) tremors r egist ered at 
H . V. 0 . 

Cracks east and southeast were measured with large wooden calipers at 
points e tablished in J uly by moans of white paint spots on crack walls a nd 
numbered m white paint. The southeast cracks showed lit t le change, but east 
the big crneks near the 14-ton bowlder of 1924 had increasingly widen ed as one 
pr oceeded north. Wid ening w11s two to three inches in t he month. 

At t his time (3 p. m.) there was rain drizzle fr om the sout hwest, and the 
pi t ha d mor e vapor than during fo renoon. Avala,n che roars con tinue from time 
to t ime. The bottom appears unchanged. 

December 31. At 10 : 02 a. m. t here were two large av alanches at the same 
time, one N . and one SE., and a simultaneous ear thquake shows on the seismo· 
gram. The avalanches have become less continuous and less str ong tut more 
or less sliding still takes place. The roaring and the appearance of dust at t he 
pit are much commented on by visitors. The Uwekahuna seismograph records 
many avalanche tremors. 

The weather is improving while the ,vind still remains southerly. 

SEISMOMETRIC RECORD 

There ,rere 2-!3 local earthquakes and one telesei m recorclecl on t he Ob erva­
tory seismographs duriug the month encled at midnight December 31, 1927. 
These ancl other phenomena are liste l below. The time used is Hawaiian Stancl· 
ard (time meridian is 157° 301 'i•V.), which i 10 hours and 30 minutes slower 
than Gr eenwich Time. 



• 

Figu1· c 4•6. Dr. 'l'. A. Jnggal' ancl t he Bosch -0111o l' i se is111 og1·nph as now in u se at t he Hawaiian Volcano Obscl'vatory. 
P hoto "'i•Vilson. 
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The lal'ge number of very feeble shocks listed here below on December 3, 
4, and 5 represent a eries of pa modic t r emors so definitely of volcanic origin 
that eruption of one of the volcanoes seemed both imminent and certain. Very 
clo e watch was kept of both Kihin a aud Manna Loa, telephone messages were 
sent to South Point and to Kona requesting people to watcJ1 Manna Loa, lrnt 
i,o sign of activity was anywhere vi ibl e. 

The great er number of the very feeble local shocl(s counted in t he list mal·c 
su ch minute records that the character of tlte di turbaucc is not always ap1 a1·­
ent. Some are true ear thquakes; others ar e perhaps the parts of greater ampli­
t ude of a continu ous or protracted tremor, which at other times may be too 
f eeble to r ecor d; some eem to be records of vibrations set up by avalan ches 
in t he pit of Halemaumau. 

Abbreviations used below are as follows: vf, very feeble; f, fee ble; s, 
slight ; m, moderate; d, instruments dismantled; fl, felt lo a lly; 6 , in di ated 
distance in miles; *, continuous tremor. 

Local Earthquakes 

December 
1 9:42 a .m. vf. 

10:00 a.m. vf. 
10:09 a.m. s, !'-,_12, ft . 
12:34p.m. vf. 

2 9:0 a.m. vf. 
9:53 a.m. vf. 

11 : 57 a .m. vf. 
1:15 p.m. vf. 
3 :55 p.m. vf. , 
7 :45 p.m. vf. 
7: 48 p.m. vf. 

10:47 p.m. vf. 
3 5:58 a.m. vf. 

5:59 a.m. vf. 
6:03 a .m. vf. 
6:49 a .m. vf. 
7:28 a .m. vf. 
7: 51 a.m. vf. 
8:29 a .m. vf. 
8:55 a .m. vf. 
9:10 a. m. vf. 

11:01 a .m. vf. 
12:19 p.m. vf. 
12:20p.m.vf. 

1:50 p.m. vf. 
2:03 p.m. vf. 
2 :21 p.m. vf. 
2 :51 p.m. vf. 
3:29 p .m. vf. 
3 :41 p.m. vf. 
4:16 p .m. vf. 
4 :42 p.m. vf. 
4 :44 p .m. vf. 
-t:56 p .m. vf. 
5:11 p.m. vf. 
5 :44 p.m. vf. 
5 :45 p .m. vf 
5 : 55 p.m. vf. 
6:01 p.m. vf. 
6:02 p.m. vf. 

6:10 p .m. vf. 
6:23 p.m. vf 
6-9 p.m. vf. 
6:33 p.m. vf. 
6 :41 p. m. vf. 
6:f5 p.m. v!. 

d .Ul. V 1. 

6:56 p.m. vf. 
7 :02 p.m. vf. 
7: 12 p.m. vf. 
7: 24 p.m. vf. 
7 :49 p.rn. vf. 

:14 p.m. vf. 
:4 p.m. vf. 

9:19 p.m. vf. 
9 . . ~n p.m. vf. 

10 :30 p.m. vf. 
11 :27 p.111. vf. 
11 :51 p .m. vf. 

4 12:21 a .m. vf. 
1:09 a.m. vf. 
2:01 a.m. vf. 
3:05 a .m. vf 
3 :43 a .m. vf. 
4 :58 am. vf. 
6 :16 a .m. vf. 
7:47 a.m. vf. 

:15 a .m. vf. 
:56 a .m. vf. 

9:32 a .m. vf 
10:57 a .m. vf. 
12:58 p.m. vf. 

1:24 p.m. vf. 
3:00 p.m. vf. 
3:22 p .m. vf. 
3:33 p.m. vf. 
4: 15 p.m. vf. 
7:00 p.m. vf. 
7 :26 p .m. vf. 
9 : 1 l) .111. vf. 

11:02 p.m. vf. 

December 
12 :54 p.m. vf. 

5 1 :31 a.m. ,(f. 
1:35 a .m. vf. 
2: 10 a.m. vf. 
2 :23 a .m. vf. 
2:24 a.m. vf 
2:27 a .m. vf. 

11: 21 a .m. vf. 
11:41 a .m. vf. 

G 7 :37 a .m. s. l'-,.2 fl. 
7 :41 a.m . vf. 
8 :37 a .m. vf. 
9:03 a .m. vf 

:13 p.m. vf. 
7 12:06 p.m. vf. 

]2: 07 p.m. vf. 
12 :25 p .m. vf. 

1 :42 p.m. vf. 
5 :02 p .m. vf. 

8 6: 11 a.m. vf. l'-,.2 
10 4 :13 a.111. vf. l'-,. 37. 
11 1: 39 p.m. vf. 

10 :47 p.m. vf. 
12 12: 59 a .m. vf. 

5 :33 p .m. vf. 
5:41 p .m. vf. 
5:49 p .m. vf. 
6: 19 p.m. vf. 

10 :25 p .m. vf. 
13 Jl:25a .m.vf. 

L :30 p.m. vf. 
12:33 p.m. vf. 

2:46 p .m. vf. 
3 :52 p .m. vf. 
4 :50 p .m. vf. 

14 12:22 p.m. vf. 
12 :56 p.m. vf. 

15 2 :07 a. m. vf. l'-,.17. 
5 :33 a.m. vf. 

Jl:26 a.111. vf. 
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12:43 p.m. vf. D cembcr 7:22 a.m. vf. 
2::.2 p.m. vf. :1 :46 p.111. vf. 7:57 a .m. vf. 
3:35 p.m. vf. 4:25 p.m. vf. :01 a.m. vf. 
fi:10 p .m. vf. 622. _5:57 p.lll. vf. 8:18 a .m. vf. 

](j ] :,U p.m. vf. 23 11 :02 a .m. vf. ':29 a.m. vf. 
1 :43 p.m. vf. 12 :16 p .m. vf. 9:56 a.m. vf. 
2:20 p .111. vf. 1:51 p.m. vf. 9:58 a.m. vf. 
4:-!5 p.m. vf. 3:39 p .m. vf. 10:2 a.m. vf. 
4:46 p .m. vf. 4:21 p.m. vf. 1 :52 p.m . vf. 
4 :49 p.m. vf. 24 12: 07 a.m. vf. 4:16p.m. v{ 

]7 8·01 a .m. vf. 3:2 p.m.vf. 6:5011.m. vf. 
8 :03 a.m. vf. 4 :1 .:- p.m. vf . 11:59 JJ,m . vf. 
8 :0i5 :J.lll . vf. ll:49p.m. vf. 30 4:01 :i .m . vf. 

:07 a.m. vf. 25 9:47 :i .m . vf. 5:34 a.m . vf. 
]:,1:J-!p.m. Yf, 10 :15 a.m. v f. 6:55 a .m. vf. 
l: ·H11.m. vf. 6 11 :45 a.m. vf. 9: 26 a.m. vf. 
2:'"7 p.m. vf. 10:4411.m. vf. 62 4:56 p.m. vf. 
2 :58 p .m. vf. 26 6:20 p .m. vf. 623. 9:56p.m.f. 
5:04p.m. vf. 27 3 :30 a.m. vf. 10:37 p .m. vf. 
5:05 p.m. vf. 6:07 fl.Ill. vf. 31 12: 02 a .m. vf . 
5:06 p.m. vf. 5:37 p.m. vf. 12:08 a.m . vf. 
5 :15 p.m. vf. 2 7:06 a .m. vf. 12:43 a .m. vf. 
5:19 p.m. vf. 7 :21 a.m. vf. 1:23 a.m. vf. 

18 2 :26 a.m. vf. 625. 9:01 a.m. vf. 2: 38 a.rn. vf. 
11:14 a.m. vf. 9:31 a.m. vf. 2:53 a .m. vf. 

3 :09 p.m. vf. 62, 3: 19 p.m. ,7£, :l: 29 a.m. vf. 6 33. 
3:57 p.m. f. 62 fl . 3:21 p.m. vf. 4 :03 a .rn. vf. 

]9 4:57 p.m. vf. 3 :41 p,111. V f. 6 :29 a.rn. vf. 
5:07p.m.vf. 6:37 p.rn. vf. 6:54 a .m. vf. 

20 6:25 a .111. vf. 7:26 p.m. vf. 7:27 a .m. vf. 
4 :38 p.m. vf. 9 :35 p .m. vf. 7:50 a .111. vf. 
4:44 p.m. vf. :!9 1:48 a.m. vf. :59 a.m. vf. 

21 :57 a.rn. f. 614. 1 : 53 (l.lll. \ 7f. 9:07 a.m. vf. 
11:22 a .rn . vf. 2:19 a.m. vf. 9:2 a.m. vf. 

I ::~8-2:03 p.111 . vf. * i::l3 a .m. vf. 10:01 a.m. vf. 636. 
-! :]() p.111. vf. 2: 56 :1.m. vf. 10:15 a.m. vf. 
-!:20 p.m. vf. 3 :02 a.m. vf. 2:16 p.m. vf. 
4:40 p.m. vf. -!:11 a.111. VI. 2 :51 p.m. vf. 
5:37 p .m. vf. 4:17 a.m. vf. 5:53 p.m. vf. 
6:22 p.m. vf. 4:43 a .. m. vf. 6:3 p.m.vf. 

22 10 :45 H.111. vf. 622. 6 :07 a.m. vf. 10:43 p.m. vf. 

Teleseism 
Deeornber 2 

eP 
s 

7:59:12 a.m. Inclicated distance 3,440 miles. 
:06:23 a .111. 

L :10 a.m. 

H armonic Tremor 
This t_vpe of t1·emor was absent throughout the month . 

Microseismic Motion 

616. 

Microseisms began to ii1crnase abov normal ·Decembcr 25, reaching maximum 
amplitude on the 27th. 'rh e:v continued moderately strong during the 1·est 0£ 
the month. This increase of amplitude was probably cnnsecl by the outhwest 
storm, which was in progress on the 25th, with heavy wind and rain. The wind 
diminished to normal within a _few day ; the microseisms continuing strong 
after the wind hncl diminished lo ca lly . 

9 



.. 

Tilting of the Ground 

By weeks this movement was as follows, expressed as angular change ancl 
direction of motion of t he plumb line: 

ovember 
December 

" 
" 
IC 

30-De ember 6 
7-13 

14-20 
21-27 
28-J:muary 3 

l .1 seconds NNW. 
0.9 second S. 
1.1 econcls NE. 
2.7 
2.2 

IC 

" s-w. 

'l'. A . JAGGAH, 
Volcanologist. 
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Black spot shows location of Observatory. 
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All exchanges, gifts to library, news notes about Pacific volcanic and 
seismic events, and correspondence should be addressed HAWAIIAN VOLCANO 
OBSERV .A.TORY, Volcano House, Hawaii. ' 

'l'he Observatol'y is operated by the U. S. Geological Survey, and its worlt 
is supplemented by the Hawaiian Volcano R esearch Association. The main 
station is on the northeast rim of Kilauea Crater. Suborclinate seismograph 
stn tions are operated by the Research Associntion under the direcUon of the 
volcanologist in Kona ancl Hilo. 

'l'he Kilauea station operates horizontal pendulums of the Bosch-Omori type 
ancl rereil•es time by wireless from the Honolulu Naval Station. ObserYator_y 
Lnt. 19° 25' 54.3" . : Long. 155° 15' 39.6" W.; Elevation cellar 1214.6 meters 
(3985 feet). The Hilo and Koua stations operate horizontal pendulum . Their 
scismograms are sent to the Ob ervatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
1!)"11, transferring tl,e plant to the Government in 1919, but continuing coopem­
tion in experimental work by furnishing full(]s and apparatus and workers as 
needed by the Government Volcanologist. It is a corporation uncle•· the laws 
of Hnwaii, governed by a board of directors, and financed by the subscriptions 
of its members and patrons. Its aims are iclentical with those of the Observa ­
tory, namely, (1) To k eep record of Hawaiian Yolcanism, (2) To attract vol­
canologic specialists to Hawaii, and (3 ) '.Po promote worldwide knowledge of 
volcanoes and earthquakes and the foundation of more volcano observatories. 
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