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H ALEMAUMAU 

Lava activity in Halcmaumau during 1927 was limited to the minor eruption 
of July. During t he first few hours on July 7 lava gush ed out copiously, but 
action diminish ed rapidly, a nd t he succeeding 10 clays ho"·ecl but a mild 
t rickle of lava from a covered co ne. The severa.l periods of inc1·e,ised av::Llanch­
ing dur ing t he yea r furnished some interesting action. The pjt was otherwise 
very qui et. 

Th e Bulleti n for June, 1924, gives for past years dimensions of the oval 
pit as follows: 

1912-1 225 by 1,530 feet 
1921-1,535 by 1,210 feet 
1922-1,980 by 1,520 feet 
1924-3,410 by 21910 f eet 

Th e figures a re now approximately 3,420 by 2,980 feet . Th e 1922 dimensions 
were held practically unchanged until 'the explosive eruption of 1924, which 
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activity 11early doubled the c1imensious of the pit, as the iigures show. Since 
t hat time avalanching ha been considerable, but par ts of the l"im do not often 
fall in, and wh en they do t hey are usually small blocks; so 'th:it in the last 
three and a half years t he size of the pit has enlarged only slightly. Th e 
avalanches .J,nd slides have noticeably increased t he size of the taluses, how­
eve1·. The longer diameter of th e pit is an approximate continuation of the 
1920 rift line, auo ut nort heast-south west in clirect ion. 

Lava flow ed into the pit in July, 1924, after the explosi ve cruptio11, t he 
act ion lasting auout 10 days and foi-med a flat lava floor. Thi floor renrnined 
until covered by ' the flow of 1927 Java. Th ese two minor eruptions, :,lmost 
precisely t ln-ee years apart, w ere very similar in duration and behavior, and 
no other itctivc lava was in the pit during th e i1_1terval of time between them. 

AYalan bing after 1924 caused th e taluses to grow and to overlap the lav a 
floor , r,ml tl.emolished ancl covered th<' 1924 source cone. The 192 7 lava th en 
filled in about 70 fe et deep over the old floor, covering the toes of the taluses 
all around the bottom of the pit and making a fresh new floor. Since then the 
siides aud avalanches have in t urn b eeu r,overing the edges of this new floor 
wi'th debris as the toes of the taluses c·ontinue to advance. 'l'b e w e t edge 
of the northwest bay now alone remains clear of · debris. 

The lava floor is at an elevation of 2,4 0 f eet above sea level, and t he um­
mit elevatious of the southwest and middle source cones are 2,G-13 and 2,530 
feet, respectivel y . The floor and cones are surronmled by th e talus slopes on 
a ll sicl s, which slant upward at an angle of about 30° (58% gracle) to the 
steeper rock walls of the pit. Of th ese taluses, the greatest is tbe one at the 
southwest side of the pit, with the elevation of its top at 3,214 feet. The r ock 
walls all arouncl th e pi't asccncl abruptly, their tops forming the sharp and 
definite rim with th e comparatively flat floor of the mai n Kila uea Crater. To 
persons standing on the rim looking clown into t he pit, these walls seem p er ­
pendicular or even overhanging in places. Since the pit acquired its present 
form, 'there has been no descent made into it, tho ugh in f ormer years, when 
Java was but a couple of hundred f eet b elow t he ri,m, persons easily ilescenclecl 
by th e intermediat e benches to the lav a la ke level. Small ancl localized over­
hanging places exist where isolnted jutting labs occur, but in general 'the walls 
clo not attain a slope greater 'than about 80° froll1 the hor.izontal. 'l'h e average 
slope from rim to talus of the west wall is but 53 ° (see Figure 1) , The eleva­
tion of the rim averages about 3,650 feet above sea level. 

'l'he new lava floor , with its cones a nd spatter which exteud a little up 
th e southwe t talus, had in July an area of about 30 acres. Ily the end of 
1927 slides had dimini heel th e exposed area of 11ew rava to auout 25 acres. 
The horizon tal projections of the talus slopes cover 81 acres in all, of ·which 
22 acres are for the great southwest talus-. The area of th e horizontal projection 
of the walls is al o 81 acres, t hough of course th e actual face area is much 
greater. 'fhus the_ total horizontal area of the open pit is 187 acres. 

The walls, between ri m :i.nd talus, being for the mos t part f reshly p eeled, 
r eveal, interesting cle'tail. The layer-like· structure, showing successive lava 
flows, is wo1·th studying. Th e two open months of th e 1920 rift tunnels on th e 
southwest side of the pit, one above the ot her, show how the lava drainecl from 
the pit in 1920 to form t he flow in the Kau Desert. The great intmsive mass, 
low clown along the east -north east wall, with its exposed f ace showing columnar 
structure, was glowing hot after the 1924 eruption. 

· It is interesting to no te 'that during t he last year avalanches have most 
frequently occurred over the ends of this intrusive mass. It seems possible that 
this great monolithic layer, wit.h th e rest of 'the east-northeast wall which it 
carries above it, may undergo iudepenclently slight r elative movements in which 
t he other walls of the pit do not partake. Thus th ere would be moving con­
tact s between t his wall an!l the ones adjacent, just over the encls of the canoe 
sh;ipec1, ir;trusive mass. This may account for the greater frequency of avala.nch­
i1;g _l),t those points. :J)'_igure 2 shows how the niche in the north-northeast cor-
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ner of tlle pit llas perhaps been caused by a moving fault in the plane of the 
exposed face of t he intrusive mass. 

VOLCANIC CONDITION S IN JANUARY 

Activity of H a lemaumau 

There were numerous slides of \·arying sizes during the first days of t he 
month, par~icularly on the west side of the pit. 'l'hese reac~ed a climax in the 
early mornmg of J anuary 11, when there was a great lanclshp o.f the northwest 
wall and talus. A description of the 1·esult of this mechanism follows. It is 
interesting because an eruption was at first though t to have orcuned. 

The '' false eruption'' of .J anuary 11 seems to have been the result of 
avala nchiJ1g material loading down tlie crust of a still liqu id pocket of lava 
remaining from the eruption of last July. The Java lake formed at that t ime 
was both cleep ancl fluid. With a thick crust formed over it as a blanket, 
there was so little loss of heat t hat some of the l:wa remained molten. 

Avalanches during the firs t part of t he month were frequent and lai·gc, and 
apparently the northwest talus gathered material until the whole bocly of the 
talus was ov erweighted :mcl unstable on its unclel'lying l'Ock slope. Tho seis­
mographs show a number of small avala nche tremors just after midnight on 
the 11th, culminating in a large one at 12 :26 a. m. It is probable that at this 
t ime an avalanche f ell on the overburdened northwest talus ancl caused it as 
lJ. whole to slump down and out on'to the lava floor, forming a distinct mound 
of material full on top of the northwest bay of the olcl lake, and decreasing 
the e:-..-posed lava. floor by about fiye aeres. ~'his weight crushed down the 
crust of the pool, a nd squoezecl out some of the stagnant liquid lava still remain­
ing there. Cracks and crushecl areas of the floor are visible to illustrate how 
this occurred. The la.,·a was not gas rharged, there was no founta ining, no 
harmonic tremor occurred on the Observatory seismographs, all action ceased 
as soon as the load of debris hacl settled into place. 'l'hese f acts all sub­
stantiate tho idea that no new lava or first hand volcanic activity was involved. 

JOURNAL, JANUARY, 1928 

J anuary 1. Much anilanchc tremor r ecorded a nd occasional big avn.lnnches 
were seen 'today. One this morning strongly r ecorded on scismograms. Does 
the tremor make the avalanche or t he avalanche the tremod 

'l'be pit shows at 6 p . m. fresh dry debris on all the taluses, and slides are 
tumbling from time to time. Tho walls are drying off. It is very noticeable 
how the two upr ight zones a t each encl of the NE. sill are· solfataric, clecom­
posecl, ancl 1·ecl-sta inecl. These appea1· surely to be old \Vall-cracks, and t he ·sm 
marks the bottom profile of an old pit. 

January 2. Avalanches were heard last night ancl t his morning, ancl dust 
w,is seen over tho pit off a nd on all clay. Now, at 3 :30 p. m., the walls are 
dry, slides and single rocks are fn lling, and there is much 'tl'ickling of slides 
at the north. There is wh ite sta in around t he central cone. The NW. talus 
overlaps the lava floor of 1927 clear out to the breakdown arou ncl the edge of 
the la.va pool. 

The cast wall of the pit OYcrhnngs. There is much starting of single rocks 
from high walls in various places. In brigh t. light of a beautiful sunny day 
there is only a li ttle steam in the usua l plares, a ncl none of t he cracks 111 the 
lava floor appem· n ew or unusua l. Thero arc fresh cracks in wet earth lJack 
f rom the r im sout h and east. 

J anuar y 3. No changes were noted at 5 :30 IJ, m. A f ew small slides 
occurred, mostly N., NW., a ncl S. 



January 4. There is an almost continuous uneasy sl1ding of small rocks 
from the west, northwest, and north walls. These will start by a big rock 
giving away high up; the whole wall then "smokes" with rising dust. Some 
of t hese slides were next south of the west boss, some next south of NvV. talus, 
and some at west encl of big sill. 

The July floor is overlappecl with debris a ll arnund. The S. wall is w et 
because it does not get the winter sun. Steaming is very light. The niche at 
the top of NW. 'talus is buried by the b uild ing up of the top of the talus cone. 

T he only conspicuous sulphur now is in th o northernmost cone of the floor. 
J anuary 7. An examination was made about 3 p . m. of the ground west of 

the pit, above the area of frequent avalanching. At the WNvV. station new 
cracks for 50 feet back from the rim have opened since the Christmas rain­
storm. Fern and grass socls are freshly broken, and large deep cracks three 
feet or more wide give np hot steam. 

The WNW. and NW. stations are in place, but the SSW. ancl SW. stations 
are not there. The west wall looks very unstabl e. The lava bottom still bas 
its borcler toes and natmal edge at the base of the SW. talus, but nowhere 
else. 

There are numerous small slides. 
January 9. Big s lides from the NW. corner of pit occurred at 1 p. m. 

Six large avalanches were countecl at that point between 12 and 1 :30 p. m. 
By means of spirit leveling the bench mark SE. appears to have sunk 0.4 

foot in relation to ''Spit'' b ench mark. 
M easurements showed tha't the east rim cracks are still widening, most of 

the motion being wh ere they run into the pit. 
J anuary 10. From 4:30 to 5 p. m, there was a series of heavy avalanch es 

at th e northw est and some sliding on all sides of the pit. Th e WNW. wall was 
c.learly underminecl and .falling just under the heavy s'team and opening cracks 
d escribed January 7. W et n ew f:illen fragments lay under a wet place in t,he 
high wall. T here are fresh dry fragments on the SSW. tal us, and much new 
material on the N., and E. taluses. Avalanch es were b eard and dust seen 
all clay. 

January 11. Just before 12 :30 a. m. r ed glow from liquid lava appeared 
over Halemaumau. Preceding this was the prolonged roar of a monstrous 
:i va lanche, which made a big tremor on 'the seismograms, timed at 12 :26 a . m. 

When the pit was Teachecl about 1 a. m., there were three glowing areas 011 
the July _lava floor of 1927 ; a long curved western band, a small central p ud­
ding, and a smaller fi ery pot at the site of th e north fountain. It w as evident 
'that new la va bad spouted up, and moreover there was in the moonlight a 
light-colored area over th e whole northwest floor to the south central cone and 
beyond, the dust stain from the big avalanche mentioned. 

There had been some s01·t of bright incandescing at the beginning, making 
a moderate rosy glow over the pit, but this entirely disappeared in 20 minu tes. 
At 1 a. m. the glowing areas w ere the usual filigr ee of cooling flows, with a 
hint of blue flam e at the northern cone vent, but without observed motion. 
The w et spot iu the wall was extenclod up to the top a the sear of the recent 
avalanche. There was steam on the faee of th e wall next to tho north: There 
was no hissing or fountaining anywhere. Sliding continued from all sicles, 
particularly northwest. 

The for enoon from 9 a. m. on was spent in walking around the pit by south 
and west, for the purpose of close examination. The main new flow was semi­
pah oehoe or "sharkskin" lava in a crescent around th e south side of the 
northwest pool of J uly, 1927. It lay just outside of the sunken crust of that 
circular pool, which hacl been sunouncle<l by a raisecl bank separatecl by cracks 
from the subsided inner portion. •rhe new lava h ad come up these cracks in 
t hree places, the flows merging outside of 't,he bank in the crescent clescribed. 
The crescent was about 500 feet long. At its northeast encl, near the center 
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Figure 1. Vfost wall of Halcmanmau. Photo Wilson. 



"' 

Figul' c 2. North-no·,·thcast corner of Halemaumn u show ing t he 11ichc nbovc t he ,wi-t.hwcst cn(l of nol'th ca t sil l. 
P hoto W i!s011. 



}'igul'(.' 3. Night ,·icw of in ea 111lescc n t laYa a t 2:30 a.111. J a nual'y ll. ompa1·c with Figul'e -1. l hoto Wil on. 



Figure 4. The 11ew ly ·q uc zecl out lava as it n ppcarcd at 8:15 :i . m. Jirnuary 11. Photo Wilson. 

• ~ .. It. I . 



of the pit, was a small ragged lava patch which Imel flowed fron1 a simiiar 
source ea tward. (See Fig. 4.) 

All of this appeared to have been occasioned by 'the landslip of th e nortli ­
west talu conoid. This Janel.slip had riclden over and weighted down t he whole 
of the northwest crus ted pool of July, b1·eaking up th e crust, as showu abou t 
the edges, a11d apparently cliseoveri11g live lava below which was squee7.ed up 
and out from the bortler cracks. Apparently 'this "lava floor," seemingly 
lead ince last July, was l'eally a stagnant crusted lava puddle still liquid below 

iJ1 its 70 feet, more or less, of depth_ 
The northwest floor area was all overed with lo bate heaps of red ro ·k 

fragments and bowlclers, the lobes convex to the southeast. The 11orthwest 
talus was completely stripped, r evealing a 1·ock slope at a flat angle below. 
Th e landslip of the talus cone (as on November 2 , 1924), hacl been precipitntecl 
by a n immense avalanche from the edge of the pit 'NW., carrying away the 
NNW, flag and making a new cleep notch ilt the pit edge where 'the opening 
cracks bad predicted collapse. 

Th e 11orth cone vent seen glowing had merely sent up a little trickle of 
black lava, stimulated by th e same landslide pressure on th e Cl'ust as at the 
oth er places. All of this history checked with the observed facts of th e last 
week, to t he effect th at subsiclcnce, sout hwest tilt, opening of rim cracks, and 
many slides, pointecl to a collapse rather than a rising. Th e collapse rcvealecl 
a nd squeezed up a little remn ant lava. There was no harmonic 'tremor ancl no 
1'.issing was heartl, both of these being cha1·acters of gas-charged lava when it 
is vigo1·ously tumescing and r eady to make fountains. 

During the day the sli fos eemecl to subsid e. 1 o incanclcscence co u!d be 
seen in daylight . 

January 12. On t hi s clny t here " ·as a strnng NE. wincl, making thick dus't 
on the S. crater floo r and K a u De. ert. 'rhin dust filled th e pit. 

January 14. Nothing new at th e pit at 3 p. m. 'rhe walls nre wet, an l 
th e avalanches have stopped as 'though it wer e the instabil ity of the west pool 
and NW. talus that occasioned all th e un easiness of January l and thereabouts. 

January 18. Th ere were no slides at 11:45 a. m. At 1:10 p. m. some dust 
::rose from a, slide a t t he NW. corner. 

'r he wea ther was bright, witl1 strong NE. wind. 
J anuary 24. At 5 p. m. No'thing new could b e cletectr,cl in tJ1e bottom of 

Halemaumau at 5 p. m. Th ere was a littl e dust rising from the NW. corner 
abo ut noon. 

J anuary 26. At l p. m. dust from a slide north was observed. 
J anuary 28. There was lit tle slicling todn.y, but no changos were uo ted clur ­

ing a visit to 'the pit at 3 :15 p. m. The walls were dry, the wea th er fair, :rncl 
sulph ur spot still showecl E . and SE. 

SEISMOMETRIC RECORD 

There were 149 local earthquakes r ecordecl on the Obse1·vatory seismographs 
cluring tlie month ended at midnight January 31, 1028. These and other phenom• 
eua are listed below_ Th e tim e used is Hawaiian Stancl.ard ( time meridian 
is 157° 30' W.), which is 10 hour s and 30 minutes slower than Gteeuwich Time. 

The grea'ter number of the very feeble local shocks counted in the list make 
such minute reconls that th e drnracter of t he disturbance is not always ap· 
parent. Some are tr ue earthquakes; others are perhaps the parts of greater 
amplitude of a, continuous or protrac'ted t,· emor, ·which at other tim es may be 
too feeble to record; some seem to be records of vibrations set up by avalanches 
in t he pit of Hal emaumau. 

Abbreviations used below arn as follows: vf, very feehle; f, feeble; s, sligl,t; 
m, moclerate; cl, instruments dismantl ed; fl, felt locally; t:,,, ilHlicuted distance 
in miles ; *, continuous tremor. 



Local E arthquakes 

January 
1 12 : 13 a.m. vf. 

2:20 a.rn. vf. 
6:07 a .m. vf. 
8:04 a .m. vf. 
8:22 a.m . vf. 
8 :32 a.m. vf. 
9 :58 a .m. vf. 

12 :51 p.m. vf. 
2:40 p.m. vf. 
5 :02 p .m. vf. 

2 1:40 p.m. vf. 
2:30 p.m . vf. 
2:32 p.m. vf. 
3 :36 p.m . vf. 
9:07 p.m. vf. 

3 9:22 a.m. vf. 
3:35 p .m . vf. 
3 :50 p.m. vf. 
6:11 p.m. vf. 

4 ] 2 :0la.m. vf. 
12 :02 a.m. vf. 
12 :45 a .m. vf. 

2:01 a.m. vf. 
4:34 a.m. vf. 
5 :52 a .m. vf. 
9:12 a.m. vf. 

12 :22 p.m. vf. 
1 :07 p.111. 111, 621, ft. 

5 3 :21 a .m. vf. 
8:43 a .m. vf. 
2:52 p.m. vf. 
7:00}),Ul. vf. 
7 :01 p.,m.. vf. 

6 6:02 a.m. vf. 
7 :16 a.m. vf. 
8:45 a.m. vf. 
9 :30 a.m. vf. 

12 :54 JJ.m. vf. 
3 :37 p.m. vf. 
3 :42-3:44 p.m. vf. * 

7 5:27 a.m. vf. 
5 :37 a.m. vf. 
6:47 a.m. vf. 
6 :51 a.m. vf. 
9:41 a .m . vf. 
9:44 a.m. vf. 
9:46 a.m. Yf. 

10 :56 a.m. vf. 
6: 12 p.m. vf. 
7 :51 p.m. vf. 

Harmonic Tremor 

S 1 :08 a .m. vf. 
9:25 a.m. vf. 
1 :32 p .rn. vf. 
6 : 03 p.m. vf. 
6:41 p.m. vf. 

10:34p.m. vf. 
10 :50 p.m. vf. 
10 :58 p.m. vf. 

9 2:01 a .m. vf. 
2:59 a .m. vf. 
5 :37 a.m . vf. 
8:59 a.m. vf. 

12:57 p.m. vf. 
1 :01 p.m. vf. 
1 :0~ p.m. vf. 
1 :46 p.m. vf. 
2:41 p.m. vf. 
3 :32 p.111. vf. 
4 :59 p.111. vf. 

10 3 :2l a .m.vf . 
4:33 a .m. vf. 
6:2 a.m. vf. 
6 :41 a.m. vf. 
2 :58 p .m. vf. 
3 :28 p.m. vf. 
5:00p.m. vf. 
6:33 p.m. vf. 

lQ:43 p .m. vf. 
11:42 p .111. vf. 

11 12 : 19 a .m. vf. 
12 :20 a.m. vf. 
12 :23 a.m. vf. 
12:24 a .m. vf. 
12 :26 a.m. vf. 

9 :30 a .m. Yf. 
12 :02p.m.vf. 
12 :03 p .m. vf. 
12 :08 p.m. vf. 

12 4 :38 a.m . vf. 
5:1 a .m. vf. 
5:19 a.m. vf. 
6:51 a .m. vf. 
8:22 a .m. vf. 616. 

13 8 :3 a.m. vf. 
14 3 :12 a.m. vf. 

3 :17 a .m . vf. 612. 
15 11 :35 a.m. vf. 
16 2 :39p.m.vf. 
1 -! :41 a.m . vf. 

12:51 p.m. vf. 

19 12 :51 a.m. vf. t:,24. 
10:40 a .m. vf. 

20 5: 15 p .m. vf. 
21 11 :58 a.m. vf. 

2:58 p.m. vf. 
22 11 :52 a.m. vf. 

12:01 p.m. vf. 
2:08 p .m . vf. 
6:55 p.m. vf. 

23 2:23 a.m. vf. 
6 :43 a .m . vf. 
3: 08 p.m. vf. 

24 8:23 a.m. vf. 
9:15 a .m. vf. 

10:06 a .m. vf. 
11:12 a.m. vf. 
5: 12-5 :46 p.m. vf. * 

25 l:12a.m.vf. 
5 :42 a.rn . vf. 
5 :44 a.m . vf. 
9:11 a .m. vf. 
2:59 p.m. vf. 
6:58 p .m. vf. 
7:03 p.m. vf. 
7:05 p.m. vf. 
7:06 p.m. vf. 
7:08p.m. vf. 
7 :20 p.m. vf. 

11 :31 p .m. vf. 
26 12 :33 a .m. vf. 

4:59 a .m. vf. 
9:33 a .m. vf. 
9.:48 a .m. vf. 

10 :13 a.m. vf. 
5 :40 p.m. vf. 
5:56 p.m. vf. 

27 12:23 p .m. vf. 
4:56 p.m. vf. 
5 :07 p .m . vf. 

10:05 p.m. vf. 
2 6:10 a.m. vf. 

9:14 a .m. vf. 
9 :18 a .m. vf. 

11:14 a.m. vf. 
· 29 4: 15 p.m. vf. 
30 12:17 p.m. vf. 
31 6:39 a .m. vf. 

5:25 p.m. vf. 
7 :06 p .m . vf. 

'fhis type of movement was uot recordc :I during the month. 

Microseismic Motion 
Mic1·oseismic motion was strong from January 4 to 

Amplitude was normal cluring the rest of the month . 
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ancl on 'the 14th. 



Tilting of t he Ground 
By week this movement was a fo ll ow., expre e(l as a nguh r change nud 

clireetion of motion of t he p lumb lino: 

Dec mber 2 -January 3 .. .. . . . . . . . . . . . . . . . . . . 2.2 seconds 
Jrn1ua.ry 4-10 . . . ....... . ........ , . . . . . . . . . . . 1.2 ' ' 

' ' 11-17 . .. .... . .... . . . ....... . . . ..... . . 0.4 seconrl 
" 1 -24 ... ....... . . . ...... . ........... . 0.5 " 
'' 25-31 . ... .. ... . ........ . ..... . . . .. . . . 0.3 

W. 
SW. 
E:NE. 
~K\ 

N. 

T . A. JAGGAR 

Volcanologist. 
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Black spot shows location of Obsei·vatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
se ismic events, and correspondence should be adclressed 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 mai11 
station is on the northeast rim of Kilauea Crater. Subordinate seismograph 
stntio11s are operated by the Research Association under the direction of the 
volcanologist in Kona and Hilo. 

T he Kilauea ~tation operates horizontal pendulums of the Bosch-Omori type 
and rereives 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 peuclulums. Their 
seismograms are sent to the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
lDl\ transferring the plant to the Government in 1919, but continui11g coopera­
tion in experimental work by furnishing funds and apparatus ancl workers as 
needed by the Government Volcanologist. It is a corporation unde, the laws 
of H :1waii, 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 observatories. 
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MAP AND STATIO r DATA 

AN OBSERVATORY FOR THE STUDY OF LASSEN PEAK 

By R . H . FINCH 

In accordance with the policy of the recently established Section of Vol­
ca11ology in the Geologic Brnnch of the Unitccl States Geological Survey, to 
extend the work of tho Haw,iiian Volcano Observatory to California and 
Alaska, steps were taken in 1926 by Dr. 'l'. A. Jaggar, ch ief of the new section, 
leading to t he establishment of an observatory for the continuous study of 
Lassen Peak. 

The new obsen·ator_v is 1ocatecl at :.\Iincral, California, at an elevation of 
4.935 feet on the sou thwest slope of the Lassen edifice. (See sketch map, 
Figme 5). The present s ite of the ohscrvntory was obtained through the 
United States Forest Service. The obscn·atory building consists of a small 
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office o,er a 10 by 10 foot concrete cellar, in which tho seismographs a rc 
housed. Adjacent to the building arc the rain gauge and instrument shelter for 
obtaining meteorological records. 

The ,niter anivcd at ~,lineral on September 15, 1926, and immecliatoly 
started operations for tho constrnction of the seismograph cellar, the office 
bnilding, and the seismogrnphs. 'l'ho piers fpr the support of the seismograph 
pendulums extend downward into highly compactocl glacial drift material t wo 
feet below the cellar floor. 

The two-component seismograph of the Bosch-Omori type was built at 
Mineral. '.!.'ho pendulums, mountecl to reco1·d north-south ancl east-west motion 
of the ground, a re suspendecl from reinforced concrete posts t hat are 10 inches 
square. Each steady mass, "·cighing abou t 225 poui:ids, consists of niue l ead 
weights h eld in a cast iron container. To faeilitate the handling of the heavy 
masses by one man, each weight is borecl to take a large screw eye. The 
magnifieation of the boom is 5, and of the w1·iting lover, 40, making tho total 
static magnification 200. Tho recording is clone on smoked paper t raveling 
30 mm. per minute. The electromagnet timing device is controlled by a E;owarcl 
pendulum clock. An auxiliary stylus to furnish a rcforcncC' point frnm which 
tilt can be measured is attached to the plate supporting tho drum and lover 
system. The pendulums were suspended on November 19, 1926, with a free 
period of S0Yon seconds, ancl continuous operation started on December 1, 1926. 
nfore details of t he construction of the instruments can be found in Volcano 
Letter No. 115, March 10, 1927. 

Earthquakes Recorded 

Dul"ing tho first year of tho observatory, the seismographs recorclod 305 
cm·thquakes. Largo reconls were obtained of the Alaskan em·thquake of Octo­
ber 24, 1927, and the one off tho southern Cali fornia coast o n November 4, 
1927. With the exception of these two, ancl fom- shakes that originated near 
E ureka, California, all of the above number apparently originated in tho 
Lassen edifice. The greatest number of shakes in one month was 134 in March, 
1927, while only one was rcgisterecl in September. The compu ted clistance to 
origin of the local shocks ,aried from 2 to 33 km. Tho latter distance equals 
that of known or suspectecl faults in the neighborhood of upper Hat Creek. 
Tho most frequent distance computecl was 15 km. The distance to several 
northwest-southeast trending faults between Lassen Peak and Brokoff Moun­
tain is about 15 km. Tho majority of tho felt shakes and some of the unfelt 
ones were accompanied by loud roars, seemingly out of all proportion 'to tho 
intensity of tho earthquakes. 

Tilting 

Shortly after recording "·as started, it was fou nd that there was consid­
erable overlapping of lines on account of temperature chan ges, especially on 
tho cast-west component. When the tilt* curves for the first year were plotted, 
they showed a westerly tilt from March to November, and an easterly tilt from 
November to March; a northerly tilt from January to August, and southerly 
tilt from August to January. 'L'hc north-south tilt curve closely fo llows that of 
seasonal temperature, while the cast-west component, which is greatly affected 
by diurnal temperature changes, shows but little concspondence with seasonal 
effect. There appears to be an accumulation of west-southwest tilt over and 
nbove the seasonal effect. Either a sinking of tho ground to the southwest of 
t h o station or a rising to tho northeast could account for such an accumulation 
of tilt. As tho center of prC'son t day volcanic acti ,·ity is to 'the northeast, it is 
assumed that tho accumulation is due to a rising of tho ground in that direction. 

•· Jaggar, T. A., Scisrnometric Investigation of the Hawaiian Lava Column, 
Bull. Sois. Soc. Amer. Dec., 1920, p . 201. 
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Field Trips 

There a1·c several fresh looking Ja,·a flows in the vicinity of L a ssen Peak 
i n add ition to the one at Cinder Cone aml the incip ient flow of 1915 tlnough 
the western notch of Lassen Peak. Striking examples of young flows can be 
found to the northwest of P rospect Peak and to the southeast of :Magee Peak. 
'l'he recent lavas at Cinder Cone ha,·e been considered as two flows of d iffernnt 
elates, but stucly of tho flows seen indicated that the supposed younger flow 
might itself be really t\\·o flows. Nothing was found to refute t he contention 
of Harkness* that there was a laYa flow at Cinder Cone cl uring t he winter of 
1850-51, t hough certainly Dr. Harkness was mistaken in assumin5 that all the 
recent volca nics nt Cinder Cone \\·ere a product of that time. :Mr. A . E . Jones, 
who was au assistant at the Lassen Yolcano ObserYatory du1·ing the summer of 
Hl27, maclc a prelim inary determ ination of the age of t he flows by !ncans of 
their magnetic 1)l'operties, and placed the youngest flow abou t 1832 and the 
next you ngest about 1795 (Vokano Letter Xo. 162, Febrna ry 2, 1928). No 
observations b y t his method ha,·e as yet been made on the olclcst Jiow, w hich is 
buried by Yolc:rnic sancl. Perhaps more clata :ind better equipment will bring 
about a closer agreement with the historical eYidence presented by Dr. Hal'lrncss 
for the age of the last flow. 

F ::iirly well authenticated rumors of actiYity at Glass )fountain, n. peak 
abou t 70 miles nor th of Lassen, during January :incl F ebruary, 1910, were 
u nea r t hed. A small explos ion and nume,·ous ea,·thquakes were r eported. 

VOLCANIC CONDITIONS IN FEBRUARY 

Activity of Halema umau 

Volcanic activity at Kilauen wns confined to a few spectacular avalanches, 
some of them sending up great clouds of dust. The largest \\'as at 8 :57 a. m. 
:February 20, j udging by the tremcnrlous dust cloud from it \\'hich was v isible 
fo1· many miles. Its rescmblnnce to smoke started rumors of an eruption. 'l'hc 
rrcl dust gn.ve n pinkish appearance to the crater floor. The seismographs 
recorded numern us avalanche tremors. 

JOURNAL, FEBRUARY, 1928 

F ebruary 8. At 3 p. m. light dust rose KE. At 5 p . m. a rock was heard 
to fall N ., hut otherwise all quiet at Halemaumau. There was very little 
stenm, but t he wet steaming places are Yery conspicuous on the talus slopes. 
Some fresh scars were seen NE., E ., and K . 

'J'hc cr ack at the SE. trnil crossing h::is widened. 
Februar y 13 . At 11 :30 a. m. Halemaumau pit presents the quiet appearance 

prnvalent the last few weeks. Kew fine materinl on the taluses denote light 
slides NE., N., KW., :rncl SW. AYalanche dust at the E. was reported obserYed 
nt 9 :30 a. m. yesterday. 

Crack measurements show pronounced widening from the 14-ton bowlder to 
the pit rim. 

F ebruary 17. Light avalanche clust clouds were seen ~'E. at 8:30 a. m., :ind 
NW. at 10:15 a . m. 

February 18. Avalanche dust cloucls were seen at interya]s all the morning, 
:ind one large clourl rose N. at 1 :30 p. m. :incl another about 3 p. m. 

February 19. 'l.'he pit was visited about noon ,nth the expectation of 
nvalanching. None w::is observed all clay, howe,·er. The clay was cloudy, and 
an electr ical storm occurred over Pahala and t he lower Kau Desert. Perhaps 
the lack of sun has affectecl the avalanching. 

* H arness, H. A., P roc. Cnlif. Acacl. Sci. Nov. 2, 1874. 
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Pigurc 6. August JO, ]!)27. LH $SC11 P eal,, California, sholl'i11g deY::tstatccl :11·ca . 



Figure 7. August 26, 1927. H ot sp,·ing temperature me:isurement at Bumpass Hell Ji.,· Lnsscn Volcano Obscn-at,,ry. Pool i s 
bla ck bcc:rnsc of pyrite scum. 

... ◄-'♦ 
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Figure 8. But te L ake, L:1sscn Nationnl Park, sho1Ying lava moun ds erup ted in the end~· 1n1rt of the Inst ccntu,·y. 



Figu,.c !l. Aerial v iew of L nsscn cincle,· cone from t he 11 orth enst. Photo Army Ail' Scn·ice. 



F ebruary 20. A few tremendous :n-al:rnches occul'l'ed in the early forenoon, 
and smaller ones throughout the clay. Numerous 'tremors on the seismograms 
may mean big slides during the night. One big avalanche at 8 a. m. raised 
dust at the north pit co rner t hat hung in the ai r at least 20 minutes. Another 
follo"'ed at 8 :30. At 8 :57 a. m. ,\·ns the largest, apparently in three parts com­
j11g at five-minute h1te1Tals. It mncle a high, thick cloud of c1ust that was 
visible in Hilo, 30 miles away, starting rumors of an eruption there, as the 
dust resembled smoke. Dust fell thickly in the pit ancl on 'the crater floor north 
of the pit. 

F ebruary 22. A big roar of an avalanche was hcarcl at 3 a. m. At 8 :30 
n. m. there were s lides NE. 

The places thnt t he big recen t avalanches haYc ca nied away are the N. and 
NE. corners up to t he top, and especially 'the west encl of the b ig sill ancl the 
rock adjacent to it. 'l' he taluses below these two places are fresh. 

There is little motion today. The east and southeast sulphm spots a re 
yellow. The flat surface 'that made a bench of t he west end of the NE. sill is 
110 longer there. 

February 25. At 2 p. m. thern was no motion seen jn tile walls and nothing 
ITC\\' observed. 

F ebruary 26. Photogrnphs were taken of t he pit interior at noon. There 
was a slide at 1 :40 p. m. i n the noi·th corner, aucl t he :i•rw. and N. niches wore 
working. The N . floor is still covered with red dust. 

February 27. Avalanche dust was seen KE. at 8 :20 a. m. 

F ebruary 29. At 3 :15 p. m. the sulphur was a little bl'ighter colored at the 
cast. Dust is occasiona lly seen from small sli des. 

SEISMOMETRIC RECORD 

Ther e were 165 local earthqnak<'s and one toleseism recorded on the Observa­
tory seismographs during the month ended at midnight Februa ry 29, l 928. 
'fhese and other phenomena are listed bolo\,-. Tho time used i~ Hawaiian Stand­
ard (time meridian is 157° 30' W.), which is 10 hours ancl 30 minutes slower 
than Greenwich Time. 

'l'hc tremor r ecorded at 8 :57 a . m. on the 20th rcpresents the effect on the 
Observatory sei smograph of a ,·ery largl' avalanche. '£he siidc caused so much 
dust that it was seen from Hilo a nd started a rumor there that the pit was 
again in eruption . On Febrnary 26 at 7 :16 a. m., a modernte shock occunecl 
appnrcntly distinctly local to the volcano. It was felt hy nearly everyone 
in the locality, a nd its first movement dismantled both components of the 
seismograph. A few minutes later when t he instruments were again put i n 
operntion, it " ·as found t hat the 1·cconl ing pen of t he north-south component 
came to rest at a different part of the drum than that which it had occupied 
before t he shock. This seemed to indicate that accompanying the shock there 
was a very co11 sidernble ancl sudden tilt to,varcl the south. 

The greater number of the very f eeble local shocks counted in t he list make 
such minute reconls that the cha racter of the disturbance is not a lways ap­
p aren t . Some arc true ea rt hquakes; others arc perhaps the parts of greater 
amplitude of a continuous or prot racted t remor, which at othm· t imes may be 
too feeble to 1·ecor cl; some seem to be r ecords of vibrations set up by avalanches 
in t he pit of Halemaumau. 

Abbreviations used hclow arc as follows : vf, very feeble; f, feeble; s, slight; 
m, moderntc; cl, instruments c1ismantlcd; fl, felt locally ; 6., indicated distance 
in miles; *, continuous t rcmo1·: 
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Local Eartilquakes 

Fcbrual'y 
1 12:44 a .m. vf. 7 :54 p .m. vf. 20 2 :13 a.m. vf. 

5 :27 a.m. vf. 8 :15 p.m. vf. 2 :22 a .m. vf. j 7 :59 a.111. vf. 12 12 :38 a .m. vf. 4:18 a.m. d . 
12:17 p.m. vf. 12:54 a .m. vf. 4:32 a.m. vf. 

2 :29 p.m. vf. 2 :28 a .m. vf. 5 :15 a.m. vf. 
2 :30 p.m. vf. 3 :09 a .m. vf . 5 :56 a .m. vf. 
2 :45 p.m. vf. 4 :27 a .m. vf. 6:25 a.m. vf 
3:25 p .m. vf. 6 8. 5 :35 a.m. vf. 6 :47 a .m. vf. 

10 :0-! p.m. vf. :08 a .m. vf. 7 :28 a.m. vf. 
2 1 :48 a.m. vf. 10 :-!5 a.m. vf. 7 :40 a .m. vf. 

3 12:07 a.m. vf. -!:45 p.m. vf. 8:49 a.m. vf. 
2:58 a.m. vf. 13 2 :10 a.m. vf. 8 :52 a.m . vf. 
4 :18 a .m. f. 62. 5 :00 a.m. vf. 8 :54 a .m. vf. 
4:41 a .m. vf. 5 :02 a .m. vf. 8 :55 a .m. ,,f . 

11:31 p .m. vf. 7 :57 a .m. vf. 8 :57 a .m. vf. 
4 8 :05 a.m. vf. 10 :08 a.m. vf. 10 :05 a .m. vf. 

9:09 a.m. vf. 3 :2-! p.m. vf. 1:43 p.m. vf. 
2:43 p .m. vf. 4 :31 p.m. vf. 5 :54p.m.vf. 

5 6 :58 a .m. vf. 5 :45 p.m. vf. 21 7:26 a.m. vf. 
6 2:03 a .m. vf. 5 :58 p.m. vf. 10:20 a.m. vf. 

2:24 a.m. £. 625. H 12 :30 a.m. vf. 10 :21 a.m. vf. 
7 1 :29 p.m. vf. 5 :45 a.m. vf. 5 :31 p .m. vf. 
8 3 :21 a.m. vf. 4 :18 p .m. vf. 22 3 :05 a.m. vf. 

8:04 a.m. vf. 10 :18 p .m. vf. 9 :57 a.m. vf. 640. 
9:39 a.m. vf. 15 4 :3 a.m. vf. 23 12 :56 p .m. vf. 

10 :33 a.m. v f . 6 :18 a .m. vf. 3 :53 p.m. vf. 
10 :35 a.m. vf. 8 :5-! a.m. vf. 10:50 p.m. vf. 611. 
12:01 p.m. vf. 9 :05 a .m. vf. 2-! 9:12-9 :15 a .m. vf. * 
12 :16 p .m. vf. 12:06 p.m. vf. 10 :45 a.m. vf. 
12: 21 p . m. vf. 6:15 p.m. Yi. 1 :04 p.m. ·d. 

1:19 p.m. vf. 6:57 p.m. vf. 1:05 p.m. vf. 
1 :32 p.m. vf. 8 :17 p .m. vf. 3 :04 p.m. vf. 

9 7 :10 a.m. vf. 9:46p.m. \'£. 3 :35 p.m. Yi. 
12 :55 p.m. vf. 10:57 p.m. vf. 3 :42 p.m. vf. 

6 :33 p.m. vf. 11:40 p.m. vf. 6 :48 p .m. vf. 
11 :56 p .m. vf. 16 12:02 a.m. vf. 25 7:16 a .m. vf. 

11 5 :23 a.m. vf. 3 :46 a.m. vf. 2 :52 p.m. vf. 
7 :14 a.m. vf. 4 :00 a.m. vf. 26 1:41 a .m. s, fl. 
7: 35 a .m. vf. 4:02 a.m. vf. 7:11 a.m. vf. 
8 :20 a.m. vf. 4:42 a .m. vf. 7 :13 a.m. vf. 
8 :27 a.m. vf. 8 : 26 p.m. Yi. 7 :16 a.m. m, fl, <1, 61. 
9:23 a.m. vf. 17 6:10 a .m. vf. 5 :42 p.m. vf. 

10:06 a .m. f. 628. 10 :3-! a.m. vf. 6 :07 p.m. vf, 6 12. 
10:17-10:21 a.m. vf. * 4:23 p.m. vf. 27 12: 33 a.m. vf. 
10 :27 a.m. vf. 8 :27 p .m. vf. 2:23 a.m. vf. 
10:28 a.m. vf. 18 7 :58 a.m. vf. 4:38 a.m. vf. 
10 :31 a.m. vf. 11:26 a.m. vf. 8:22 a.m. vf. 
10 :45 a.m. vf. 2 :17 p.m. vf. 9 :10 a.m. vf. 
10 :56 a .m. vf. 2 :48 p .m. V f . 12:52 p.m. vf. 

1 :03 p.m. vf. 19 9:27 a.m. vf. 12:54 p .m. vf. 
1:30 p.m. vf. 9 :30 a .m. vf. 28 2:08p.m. vf. 
2:55 p .m. vf. 9 :58 a.m. vf. 3: 24 p .m. vf. 
4 :32 p.m. vf. 7 :04 p.m. vf. 29 3 :32 p.m. vf. 
4:35 p.m. vf. 7:05 p.m. vf. 7: 27 p.m. vf. 
4 :50 p.m. vf. 7 :07 p.m. vf. 7 :29 p.ni. vf. 
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Teleseism 
February 21 

S or L 9:-12 a .m. Very feeble rccol'd. 

H armonic Tremor 
This type of moYement was not rcco1·ded during the month. 

Microseismic M otion 
Microseisms were normal throughout the month. 

Tilting of the Ground 

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

February 1-7 .. .... . . ..... ... .............. 1.3 seconcls 
" -1-i . . ......... . ...... ... .. . ... .. 0.7 secon cl 

15-21. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4 seconds 
" ZZ-2 ..... ....... • ........... • .. . . 1.5 " 
" 29-~arch 6.. . . . . . . . . . . . . . . . . . . . . . 0.9 second 

WSW'. 
SW. 
SSW. 
SSW.* 
SSW. 

ancl 

* All of the southerly part of the tilt dul'ing this week ancl pal't of the south 
tilt during the week following was apparently causecl at one time, 7 :16 a . m. 
on February 26 at the time of a moderate local earthquake. 'l'h e amount of 
south tilt at that particular time was appal'ently 2.3 seconds. The figures given 
a hove are the result of scaling from a smoothed curve made up by plotting 
overlapping Se Yen-day means. 'fh is single lurch of tilt therefore affects 'tho 
figures for both weeks due to this aYeragi11g process. 

T. A. J AGGAR, 
Volcanologist. 
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Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about P aci.fie volcanic and 
seismic events, and corresponc1ence should be addressed HA WAIIA~ VOLCANO 
OBSERVATOR Y, Volcano House, Hawaii. 

'f 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. Subordinate seismogrnph 
stntions ai·e operated by the Research Association nuder the direction of the 
volcanologist in Kona and Hilo. 

The Kilauea station operates horizontal pendulums of the Bosch-Omori type 
a ncl rereives time by wireless from the H onolulu Naval Station. Observatory 
Lat. 19° 25' 54.3" N . ; Long. 155° 15' 39.6" W .; Elevation cellar 1214.6 meters 
(3985 feet). The H ilo and Kona stations operate horizontal pendulums. Their 
scismograms are sent to the Observat ory. 

T he Hawaiian Volcano Research Association founded the Observatory in 
1911, transferring the plan t to the Government in 1919, but continuing coopera­
t ion in experimental work by furnishing funds and apparatus and workers ns 
neeclecl by the Government Volcanologist. It is a corporation uncle•· the J::tws 
of H nwaii, governed by a board of directors, and financed by the subscr iptions 
of its members and pntrons. 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 
volcano.es and earthquakes and the foundation of more volcano observatories. 
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MAP AXD STATION DA'l'A 

A YEAR OF TIDE GAUGE OPERATION 

No. 3 

The installation a ~,car ago of the tide ga uge at Hilo, Hawaii, was clescribecl 
in the Monthly Bulletin for June, 1927. The cost of the i nstallation and the 
obsen·er 's salary for this first year were paicl by the U . S. Coast and Geocletic 
Sur vey. The gauge is situated near the ou ter encl of Pier l; its latitude is 19° 
43.8' N ., and its longitude is 155° 04.4' W . A small space is J)ar titioned off 
just inside the northernmost door of the warehouse for the instrumen t, and a 
h ole cut through the concrete floor of the wharf allo,Ys direct descent for the 
wir e to the float. The float is pr otected from wave action by a chamber made 
of corrugated galvanized iron pipe. A direct 1·eacling tide staff is placed in 
the open water at the north end of t he pier. Daily comparative readings ar e 
made on this staff to calibrate t he marigram cur ve of the recording gauge. T he 
instrument has been r un th rough the year with very few interruptions; t he 
"\\·orst difficul ty was the occasional breaking of t he ftoat wire. 'l'he gauge was 
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in eharge of ::\Ir. B. F. Rush until August 31, from which time on Mr. M. F. 
Lacerdo has acted as observer. 

A tide gauge must be operated m ore than a s ingle year before precise results 
may be computed from its records. Some r esults of a preliminary nat ure ma y 
now be discussed, however. The r egular t abulations of the Coast and Geodetic 
S urvey provide for the listing of hourly heights of water. The stnndarcl for1i1s 
contain these figures for seven clays on each page. The first curve here shown 
(Figure 10, Cu rve 1) has been constructed by p lotting the means of the 168 
readings for each of these successive seven-day periods, each point plotted 
being shown on the middle day of its int erval. 'fhcse readiugs arc actually 
scaled from t he marigram curve, but in this diagram as in the tabulations 
themselves the values given refer to heights above the zero of the tide staff 
as if direct water readings had been taken thern. The usual tabulations arc 
;ilso made of heights of all high and low tides. It is customary to obtain mean 
sea level from the mean of all these high and low waters taken together. 'l'he 
form for the tabulation of these heights provicles for taking their averages in 
29-day groups, so that each average may represent approximately a whole lunar 
month. The second curve in tho accompanying diagram shows these averages 
represented as staff r eadings, each plotted upon the middle clay of its 29-day 
interval. The averaging of the hourly heigh ts and of the high and low tides 
both tend to give mean sea level. The second cur ve is ther efore little morn 
than a smoothing of the first, due to the tnking of averages over longer i nter­
vals so that t he shorter period fluctuations within a lunar month are ironed out. 

In addition to these rcgula1· tahulations 'th(' Hilo marigrams have been 
compared with those from the Honolulu station day by day. By superimposing 
one marigram upon the other and adjusting them so that th e tide curves coincide 
as nearly as possible in elevatio11, a difference of elevation is establish ed be­
tween the two marigram datum lines. This can be easily transformecl to a 
difference of elevation between the staff zeros at the two stations. '£he com­
parison is therefoi-e essentially a determination of the difference of elevation 
at the two stations by continuous simultaneous sea l evel readings. 'l'he appar­
ently fluctuating difference so secured is presumed free from those parts of the 
seasonal sea level changes which affect both stations in the same manner find 
amount. Changes in value of this difference should therefore indicate either 
local differen tial ocean le,,el conditions, or a ctual r elative changes of grouncl 
el evation bet"·een the two stations. The third curve plotted in the diagram 
is cl erivecl from the mean differen ces for successive seven-clay groups. These 
successive means arc applied to the well established elevation of the Honolulu 
tide staff zero to obtain the elev:1tion of the Hilo staff zero, the curve show­
ing where the 1·esultant mean sea level r eadings on t he Hilo staff would occur. 

The fourth curve shows the average annual sea level cycle at Honolulu, 
secured by plotting the separate means for each of the 12 calendar months 
over a period of 18 years. These figures a r e from the Honolulu tide gauge 
records, from 1892 to 1909, inclusive, kinclly furnishecl by Mr. Walter E. Wall, 
Surveyor of the Territory of Hawaii. The average annual cycle at Hilo is 
probably in genernl somewhat similar to t his one fo r Honolulu, but there is 
uot s ufficient data i n hancl at present to determine it. 

Mean Sea Level 

The first r esult to be considered from the running of the gauge is tlic d e­
termination of datum, mean sea level. This will be more precisely determined 
as more years a re added to the run of the gauge. Future figures to be com­
puted by the Coast and Geodetic Survey with clue corrections applied must be 
waited for as final. Preliminary approximations may be hacl nt p resent, how­
ever, by three different methocls, namely, by averaging for the whole year each 
of the three sets of data usecl in constructing the firs.t three curves in the dia ­
gram. Thus the mean of t he year's hourly readings would appear nt 4.404 
feet on the tide staff. The mean of all of the y ear's high ancl low waters would 
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be at 4.385 feet. The mean of the year's Honolulu-Hilo staff zero clitl'crcnces 
c1ppl iecl to t he Ho11olulu established elevation would indicate that mean sea 
level should appear at 4.404 of the llilo ~tatl'. '£he exact agreemen t of the 
first ancl thircl is accidental; the three arc in fair agreement and their mean 
may arbitrarily be taken for the p resent as t he tide staff reading correspond­
ing to mean sea level. The datum line i n the cliagnun has been drawn at this 
value, 4.398 f eet. 

By spirit leveling the tide staff zero is fonnd to be 12.364 feet below U. S. 
Coast and Geodetic Survey bench mark No. F -2. The r esult of this year's run 
of the tide gauge therefore makes the elevation for this bench mark 7.966 feet 
above mean sea level. 'l'he bench mark is on e es ta blished by Lieutenant Sim· 
mons in t he precise level line which runs from Hilo to the summit of Mauna 
L oa. H e assumed as a datum for his preliminary field clavations that defined 
by the 1911 value for a bench mark in Hilo. These 1911 values fo r Ililo bench 
marks were based upon the running of a r ecording tide gauge by the Corps of 
Bnginecrs of the U. S. Army from June 1, 1911, to May 31, 1912. '£he elevation 
of t he bench mark F-2 deduced through Simmons' line from the olcl mark !~ 
8.280 feet, a difference of 0.3H feet with the present t ide gauge determination. 
This cli~c1·cpa ncy i s probably clue to tho fact that neither in 1911-1912 nor in 
1927 was a single year's running of the ga ugc enough to establish datum 
accurately. 

Mean sea le vel may be slightly too J1igh or too low fo r a whole year or more, 
so t hat datum cannot be considered de term in eel from a sing le year's observa­
tions. This may easily be seen from the fo llowing table in which yearly means 
of sea level arc given in feet above (plus) or below (minus) the adopted datum. 
These figures resul t from the 1892-1909 r ceorc1s of the IIonolulu gauge, already 
mentioned. 

1892- .131. 
1893- .156 
1894 - .242 
1895 - .312 
1896 - .152 
1897- .031 

1898- .] 5~ 
1899 - .310 
1900- .] 63 
1901 + .173 
1902- .149 
1903- .244 

1904 + .004 
1905- .189 
1906- .065 
1907- .033 
1908 - .095 
1909- .355 

A datum founded on the 1901 obse r\'ations alone would therefore differ by 0.528 
foot from one ba sed on the 1909 records. This is t he extreme range for tlic 18 
years, bu t is parallel to the case aboYe consic1erec1; 1911-12 compa red to 1927. 

On the other Jta ncl, the discrepanr~, deYclopecl at H ilo during the last 15 
years, 0.314 foot, ma_v in part r epresent actual subsidence of t he Hilo shore 
line cluriug that time. Continuous I-Ionolulu-Ililo comparisons shoulc1 in time 
sol ve the problem as to what parts of these cliscrcpnncies cl cvclopec1 year by 
yea r aro actual local shore line elevations or depress ions, ancl what parts arc 
merely long period changes in ocean elevation. 

'l'he mean range of tide secured by subtractii1g tho mean height of all low 
waters from tho mean height of all hig h water s duriug t he year is 1.650 feet. 
T he maximum range bet"·een the highest high water noted a ncl the lowest low 
water during the year is 4.3 f eet. 

Referring again to the curves in tho diagram, t he fluctuations of the first 
two show r oughly the monthly, seasonal, and annual changes in sea l evel which 
a rc expect ed at all tide stations. 'l'heso changes a re caused by changing factors 
in the l uni-solar attraction, by conditions of wincl, ha romctri c p ressure, local 
shore-line con figuration, and other effects. 

Contemplation of the risings and failings of t he third curve invi tes us to 
wander into the realm of speculation. Values for this curve were obtained so 
as to eliminate as much as possible t he effect of general changes of sea level. 
I£ sea level behaves t ho same at both stations, Honolulu ancl Hilo, and if 11 0 

relative cha nge of grnuml elevation oeeurs between these two stations, this 
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t:un ·e hould then be a straight l ine without val'iations. But this third cur ve 
f ollows in a remarkable manner the curve of hourly hoigh t means. 'rhis woulcl 
rend to show that t hese parallel fluctuations manifest alik e in both curves 
are the result of l ocal conclitio11s nffecti ng Hilo and 110t H onolulu. The explan­
ation may be that llonolulu is on the l ee side of its isla nd, Oah u, while Hilo is 
on t he "· indward side of H a waii. '.l'he prevni[jng trade wind would therefore 
be expect ed to cause greater water level irregularities at Hilo than at Hono­
lulu. 

This third curve has some intei·esting individual features, however. During 
t he first part of the yea r it runs consistently above the hourly heigh ts cm·ve, 
but early i n July it breaks abruptly ancl runs below. Is it mere coincidence 
that at this particular time an eruption of lava occurred in t he pit of Hale­
maumau'I Risin gs ancl fallings of t he H awaiian la,·a column a rc know n to cause 
t il tings ancl changes of elevation of t h e upper slopes of the isla nd, clue prob­
ably to changes of p ressure within the mountain itself. I s H ilo witliin t h e 
range of these effcctst Anot her individual feature of the third curve is tile 
sharp upward peak d uring t he first part of D ecember . Is i t again mere coin• 
ciclen ce that at this t ime t her e occurred at Kilauea a particularly remarkablo 
swarm of spa smodi c earth tremors'! Again, during t h e last of December, 1927, 
and the first of January, 1928, 11ot only does the third cur ve show a remark­
able clccli11e in value, but t he other two curves do also . Abnormal sea level 
conditions of course existed at this time clue t o reactions from t he heavy 
sout h west storm which began on December 25, yet perhaps a t hird correlation 
is shown by the t ilt at the Obsenator_y. A rema rkable surge of tilt towarcl 
the sou th, surely roprese11 ting some volcan ic condition, was 1·ecorded during the 
last 10 days of December and c011tinuccl in a rapid movemen t towa rds t he south · 
west during the first week of J anuar~·- 'rhus th ree major features of t he 
year's seismic and volcanic activity at Halemaumau exhibit correlations, at 
least in time, with three definite features of this third tidal curve. Whether 
there is actual connection between these phenoinena which may indicate t hat 
the elevation of Hilo is in some way affected b.,· tumescence or operation of 
the volcan ic mecha"nism r emains to be shown by future observation. 

Tidal Waves 

During t he year r ecords of two tidal ,Yaves " ·ere observed, resulting from 
earthquakes w hich were "·ell recorded on the seismographs of the Hawaiian 
Volcano Observatory. 'rhe first of these seismic sea waves followed the earth­
quake of November 4, 1927, which occurred off t he roast of California. This 
ear thquake was felt in Santa Maria, California, and was also felt at sea by t he 
American S . S. "Socony" which was at the time in latitude 34• 54' 30" 11or th, 
longitude 121° 01' 00" w est. The second tidal wave resulted from t he ea rt h­
quake of December 2 , 1927, in t he Kamchatka r egion. 

'rho t wo curves here given (.l!'igures 15 ancl 16) ;u-e reproduced from tracings 
of the Hilo marigrams. A tracing of t he Honolulu marigram is a lso shown for 
the sea wave of D ecember 28. Although t he November 4 tidal wave was 
apparently stronger at llilo than the one of December 28, the fo r mer was not 
definitely reco rded on t he H onolulu tide gauge. The reason for this is per­
haps the direction from which the disturbance came, since the tidal wave· of 
November 4 would have to pass a round t he_ Isla11cl of Oahu to r each Honolui u, 
wher eas that of December 28 had a more cl n ect approach. 

The following table of approximate results is here s ubmit ted to show the 
times of arrival of the e:u-thquakes and sea waves, an cl the computed velocities 
of the latter. 
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SEI SMIC SEA WAV ES AT IDLO, 1927 

(Hawaiian St:rndanl '.l.'ime) 

November4 
Arrival of Preliminary Ear thquake Wave. 3:27:45 a.m. 
Arrival of Second Earthquake Wave . .... 3:33 :28 a.111. 
Computed Distance to Epicenter .. . ... . .. 3,925 km. 
Approrimatc Bea1·ing of Epicenter .... . .. N. 50° E. 
Computed Time at Origin of Shock .. . ... 3 :20 :32 a.m. 
'fimc of Arrival of Sea \.Vave . . . . ........ 8 :33 a .m. 
Sea Wave Velocity from Origin .. ..... . . 210 meters per sec. 

Or ....... . .. . .... .. ... . . . .... 7.8 miles per min. 

December 28 
7:59:12 a.m. 
8 :06:23 a.m. 
5,530 km. 
N . 22° W. 
7 :50:10 a.m. 
3 :40 p.m. . 
196 meters per scr. 
7.3 miles p er min. 

These figures are based upon the seismic data obtained at the Hawaiian 
Volcano Observatory alone. T entative epicenters for the two earthquakes con­
cerned have been furnished by the U. S. Coast and Geodetic Survey as follows: 
November 4, at latitude 33.2° north, longitude 122° west; December 28, lati­
tude 55° north, longitude 160° cast. These positions result from a preliminary 
combinati-0n of records from :t m11n ber of different stations, but still do not 1·ep­
rcsent the fina l determinations of epicenters. W hen the positions of the epicen ­
ters of these shocks arc finall,l' determined, better dista nces may be computed 
from them to the position of the Hilo tide gauge, which will result in more 
accurate velocities t han arc given in the table above. Since this table is at 
best only approxi mate, the fact has been ignored that tho Volcano Observatory, 
the poin t of reception of t he earthquake waves, and Hilo, the point of recep­
tion of the sea waves, are 2± miles apa rt. 

'fhe destructive tidal wave which occurred in Hawaii on F ebruary 3, 1923, 
and several other sea waves in the past that have come to the noti ce of this 
Observatory, are reviewed by Mr. R. H. Finch in an article written for '' Pro­
ceedings of the Second Pan-Pacific Science Congress,'' Sydney, Austral ia, 1921\, 
and published also in the "Monthly Weather Review," March, 1924, p . 147. 
These are, b riefly: September 7, 1918, origin Kamchatka, computed sea wave 
velocity 215 meters per seeond; April 9, 1919, from southwest, eompnted veloc­
ity 126 meters per second to H onolulu, ancl 158 meters per secon cl to Sau Fran­
cisco; November 11, 1922, origin near Chile, 201 meters per second; February :\ 
1923, origin off Aleutian Islands, computed velocity 201 meters per second. 

Still other figures on seismic sea wave velocities may be had from '' J olll'nal 
of t h e College of Science, Imperial University of 'fokyo," Japan, Volume XXIV, 
)908. Some observed velocities taken from this publication ar e : December 23, 
1854, origin Japan, to San Francisco, 186 met ers per second; to San Diego, 198 
meters per second. Two South American earthquakes in 1868 and 187 7 give 
velocities to Japan of 1 5 and 183 meters per second. The great tidal waves 
or iginating at Krakatoa on A ugust 28, 18 3, a re also d iscussed. 

'£he sa111e publication deals tlioroughly with the secondary water oscillations, 
or seiches, within var ious bays in Japan. A distant disturban ce, sending sea 
waves which arrive at a bay or harbor, in ord inary cases sets up within t he 
bay oscillations of the same period as the natural period of the bay itself. As 
may be seen from the accompanying reproductions of the marigram curves, the 
effect of t h ese two t idal waves of November 4 and December 28 at H ilo was 
simply to exaggerate the natural secondary oscillations of the bay. 'fh ese water 
oscillations have a period at Hilo of about 25 minutes. It should be expected, 
therefore, that the effect in Hilo Bay of a tidal wave arriving from a distant 
source would be to cause the water to fall and rise every 25 m inutes the 
amplitude of these fallings ancl risings depending upon the size and i nte\1sity 
of the sea wave causing them. In both the curves here reproduced the water is 
shown to have first receded. Mr. Finch states that in the case of the 1923 
tidal wave also, the first motion of the disturban ce noted was a recession of the 
waters. 
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Figure 'JJ. July 8, 1027. Boili11g l<1ke nc<11· Drnkcsbad, Ca li fo rnia. Photo -b'in<:h. 



Figlll'e 12. August 10, 1927. L assen cinder cone from southeast. Photo Finch. 
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Figuni ~ ' . from Mount Diller 1927. Lassen I ca l-tl western noteh. ]!)15 la 1·:1 rn ic 



Figu,·c 1+. Ae rial \'ie w of e in(lct· cone. l'lt oto J\rn,y A i,· Scn ·iec. 
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The 11·icle range of \"alues in the obscrvrcl velocit_v o: seismic sea waves is 
due to the fact that these Ycloeities depend upon the clep t h of ocea ns trnverse(1 . 
Conti nued obser\"ation will give data " -ith which velocities may be more a nd 
more accu!'atel_v estimated in advance, so that the t i mes of a nival of these sea 
waves can be more surely f oretold from t he a rri val of t he seismic 11·aves. 

VOLCAN IC CONDITIONS IN MARCH 

Activity of H alema umau 

Slides eontinuecl from t he Halema umau ,rails, probabl_v t he largest of "·hich 
was one at t he nol'theast corner at 1 :50 p. m., M arch 13, mak ing a prolongetl 
roar and :t clust cloud t hat hid t he p it from view for ma ny minu tes. T he sul­
p hur spot on t he sou theast ta lus beca me obliterntecl by fa lling cl ebl'is . 

The avalanching is slowly enlarg ing t he inner crater . ·wol'k ing of th e wall s 
undel'mines the l'ims, a ncl every time t he ri m material gi ves wa_v t he cnlal'gc­
n1ent is noticeable. Th is pl'ocess is conspicuous at the lcl-ton bo""lcler. 'J'his 
grea t b lock, blown out in the 1924 eruption, is no11· ""it hin a clozen feet of t he 
rim and will eventua lly fa ll in. It was for merly se, eral feet back, but t he rim 
is g rnclually approaching it. 

JOURN AL, MARCH, 1928 

M ar ch 4. The pi t when v isitecl from 3 to 3 :20 p . m. w:ts quie t save for a 
slide in t he lower )l'E_ corner at 3 :10, and noise of rocks cll'oppecl b_v people 
standing on t he nol'th r im. 

Ma.rel! 6. Thin dust from n slide was seen drifting n""ay from the north 
corner a t 11:25 a. m., and again at noon. 

1,'.[arch 7. No changes were observed in the p it . Rock s wel'e t l'ickli ng on 
the n01·th wall, a nd a small sli,le at the south occurred a t 12 :20 p. m. 

March 10. Several slides today; one northeast at 11 :30 :1. 111., anot her nt 
3 p . m., a nd during a \"isit 4 :25 to 5 p . 111. several sl ides were seen ~ E. and N\V., 
someti mes occur r ing simultaneousl_v, filling t he pi t \\" it h d iffused d ust. 

Mar ch 13. There were a,·alanchc i1ur ing t he fol'enoon, concentrating at 
t he K E . corner. At 1:50 p. m. a long a valanc he roa r was hearcl from tl1c Ob­
sen·atory, making a dust <:lcud that hicl t he pit from view, a nd t hi nning out 
cluring the course of more than a half hour. At 3 p. m. morn dust was seen. 

March 14. In the morning thi n dust w as occasionally observed, and a new 
sca r showed high up 011 the SE. "·nll. 

Mar ch 18. At 4 :15 p. 111. no slicles were occu rring nnd a ll ,m s quiet. '\.'he 
sout h cone was steaming more than t he center one. Much ne w debris has fallen 
on the SE. floor area, and the SE. sulph ur patch is oblite rnted by slides. Large 
scars sho\\·ccl on the KE. wall, ancl t he NNK wall \\·a s streaked from s_t,ripping . 
The rim near the 1±-ton bowlclcr has receded considerably. 

March 21. H alcma umau \\":t s very qu iet at 9 :45 a. m., · with no sl ides a nd 
litt le st eaming . The p it was ver y clr_v, \\"it h no min a ll the week . 

Mar ch 24. 'rhc pit was q uiet. A few stones we re heard K W., XE., ancl 
S W. bet"·ecn 9 :incl 9 :30 a . m., t he l atter f all mak ing dust. Steaming was as 
usual. The cast ri m cracks were measured. 

111:a r eh 28. There was a slight increase of s t eaming in, l-Ialemaumau due to 
recent ligh t rai ns . . One fl oor vent, on t he site of t he t \\"in foun tains of last 
Jul_v, emits ve ry dense, flocculent vapor. 

A sma ll s lide was hea rd nor t h at 8:40 a. m., nncl dust was obserYecl th ere 
from t he Obser vntor.v nt 2 1)- m. 

SEISMOMETRIC RECORD 

'l'here were 6± local ear thquakes a nd four t elc&eisn1s r ecorded on the Ob­
serYatory seismographs d uring t he mon t h enclecl at mi c1night March 31, 1928. 
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Tiles<' a nd oth er p h enomena arc listed below. The time used is H awaiian 
Standard (time meridian is 157• 30' W.), which is 10 hours and 30 111in ut.:s 
slower t ha n Green wich Time. 

The greatest n umber of t he very feeble loca l shocks coun ted in t he list 
make such minute records that the character of the distu rbance is not always 
apparen t . Some arc t rnc carthqua-.ces; others a rc perhaps the pa r ts of greater 
amplit ude of a continuous or protracted t remor, w hich at othe r t imes may be 
too feeble to r ecord; some seem to be records of v ibrations set up by avalanc11cs 
in t h e pit of Halemaumau. 

Abbr ev iations used below arc as follows: vf, ve ry feeble; f, feeb le; s, s li ght; 
m, moderate; d, instruments dismantiecl; II, felt locally; b,., i ndicated distance 
i n 111iles; •, continuous tremor. 

L ocal E arthquakes 

Ma rch 
l 3 :04-3 :14 p .111 . vf. • 

9:26 p.m. vf. 
2 12 :0 a.111. vf. 

4: 10-4 :23 p .m. vf. 
5 5 :26 a .m. vf. 

9:55·a .m . vf. 
1 :07 p.111. vf. 

6 4 :45 p.111. v f. 
7 7 :46 n.m. vf. 

8 
4 :57 p.m. vf. 
7:38 p.m. vf. 
8 :23 p.m. vf. 

9 3 :08 p. m. vf. 
10 8 :13 a.m. vi. 

11:45 a .m. vf. 
10 :46 p.m. vf. 
11:29 p .m. vf. 

11 1 :57 a.m. vf. t:,.23. 
10 :17 a.m. vf. 

12 12 :12 a.m. vf. t:,.9. 
2 :16 a.m. vf. 

Teleseisms 
March 13 

* 

~!arch 
)3 1 :,i3 p.m. vf. 

3:04 p.m. vf. 
H 4:1 a.m. vf. 

11 :30 a.m. vf. 
15 2:0 a.m. vf. 

:00 a .m. vf. 
2:,39 p .m. vf. 

11:3 p.111. vf. 
)6 1 :44 a .m. vf. 
17 3:30 a.m. vf. 
18 12:17 a.m. vf. 

10 :54 a .m. vf. 
12:41 p.m. \"£. 
l :35 p.m. vf. 

)9 10:17 a .m. vf. 
l l :45 a.m. vf. 
12:55 p.m. d. 

1:10 p.m. vf. 
10 :49 p .m. vf. 
10:50 p.m. vf. 
10:56 p.m. vf. 

20 10 :26 a .m. vf. 

~ 8 :12 a .m. Ve ry feeble record. 
March 15 

cP 6:40:27 p.111. 
s 6 :47: 59 p .111. 
L 6:56:03 p.m. 

Distance 3,685 miles. 

March 21 
eP 5 :56:50 p .m. 
s 6:04:39 p.m. Dista nce 3,875 miles. 
L 6 :14 p.m. 

March 28 
iP 6:45:38 p.m. Feeble record. 

Harmonic Tremor 

March 
21 5 :39 a .111. v1'. 

1 :44 p.n1. vf. 
3 :05 p.m. vf. 
3 :08 p.m. vf . 

22 2 :23 a.m. vf. 
11 :42 a .111 . vf. 
1:02 p .m . vf. 
3 :28 p. m. vf . 

23 4 :02 a.m. vf. 
24 5:50 p.m. vf. 
26 12 :48 a .m. vf. 
27 10:10 a.m. vf. 

1 :55 p.m. vf. 
2 5:3 p.m. vf. t:,.11. 
29 9 :56 <1 .111. vf. 

J0 :06-10 :18 a .m. vf. • 
11 :58 p.m. vf. 

30 3:12 p .m . vf. 
31 5 :35 p .m. vf. 

9:29-9 :32 p .m. vf. • 
9:34 p.m. vf. 

T his t yp e of movement was not rccorclcd dur ing th e month. 
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Microseismic Motion 
Microseisms were moderately strong from the 23d to the 25th, and on the 

l a tter date seemed irregular in period and angular in form as recorded. 

Tilting of the Ground 
By weeks this moYement was as follows, expressed as a ngular change and 

d irection of motion of the plumb line : 

F ebrua r, 29-~ areh 6 
Mar ch ·7-13 

" 1-1-20 
'' 21-2i 
'' 2 -April 3 

0.9 second SSW. 
1.2 seconds NE. 
0.6 second SW. 
0.1 '' N . 
0. " E . 

R. M. WILSOK, 
Topographic Engineer . 
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All exchanges, gifts to library, news 110tes about Pacific volcanic and 
seismic events, and correspondence shoulcl be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Volcano House, Hawaii. 

The Obsel'vatory 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 nol'theast rim of Kilauea Crater. Su borclinate seismogr:i ph 
stntions are operated by the Research Association under the direction of the 
volcanologist in Kona and Hilo. 

The Ki_Jauea station operates horizontal pendulums of the Bosch-Omori type 
and receives time by wireless from the Honolulu Naval Station. Observ:itory 
Lat. 19° 25' 54.3" N .: Long. 155° 15' 39.6" W .; Elevation cellar J 214.6 meters 
(3985 feet). The Hilo and Kona stations operate horizontal pendulums. Theil" 
seismograms are sent to. the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
1911, transferring tlte plant to the Govemment in 1919, but continuing coopera­
tion in experimental work by furnishing funds and apparatus and workers as 

-neerlecl by the Government Volcanologist. It is a corporation unde•· the laws 
of Hawaii, governed by a board of directors, and financed by the subscriptions 
of its membel'S nnd patrons. Its aims are identical with those of the Observa­
t ory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
canologic specialists to Hawaii, and (3) To promote worldwide lrnowledge of 
volcanoes and ear thquakes and the foundation of more volcano observatol"ies. 
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:M:AP AND S'rA~'IO " DA'l'A 

THE OHIKI 

FOl' t he purpose of experimenting with a vehicle capable of going both on 
la.nd a nd water, t he Ohiki (sand crab) was constructed in the shops of the 
Hawaiian Volcano Observatory during ovember and December, 1927. Having 
in view exp lorations in Alaska with a similar amphibious boat, to be built by 
the Powell Mobile-Boat ·wo rks in Chicago, it was desfred to operate such a 
vehicle under varying conditions in order 'to ascertain what performance might 
be expected of it. It wrn have practical value in H1nn1.ii as a means for 
studying shore line lava formations and for making shnll ow soundings over 
the submarine portions of lava flow s. 

A Ford chassis with Ruckstell axle mounted in icl a 16-foot wooden skiff, 
with outside paddle-wheels mounted on the ends of the axle, constitutes the 
boat part of the amphibian. 'fhis boat is mounted on a r egular Ford front 
axle forward ancl a Smith '' Formatruck '' axle aft. The Tea1· \\·heels, on the 
Smith axle. ·are chain cl1·i ven from the Forcl-R.uekstell axle. The wheel-btLse is 
17 fee't, ancl t he axles have been retained standard gauge. At first, the length 
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over all was 21½ feet :ind the beam measurement of the boat was 5 feet 4 
inches. P1·climinary tests made at N~nole in Kau on December 21 inclrcatocl 
the advisability of certain revisions such as raising tho frecboard to make the 
boat more seaworthy, mul the addition of an outboarcl motor for greater speed 
and power when in use as a boat. '.l'lt c J<,orcl motor, used through t he Ruckstell 
axle, and geared still lower by rn eans of the chain drive to the "Fonnatruck" 
axle, gave sufficient powpr lo pull the v ehi cle up v ery steep pitches aucl to 
operate nt the speed of an ordinary truck along the highways. 

With the impro,·ements suggested by the prel iminary t1·ia ls at Ninole, such 
as th.e addition of a five horsepower Johnson ou tboard motor, b uildin g the 
freeboard higher, bu ilding n box tl':rnsom at the stern of the b c,r,t t o increase 
buoyancy, ancl enlarging 'the :iren of t he paddles of the paddle-wheels . the 
Ohiki was taken for further t r ial to llilo on January 17. The we igh t of the 
machine thus enlarged ,ms 3,800 pouncls, :rncl its climensic11s h:1.< l become 22 
feet long, with a maximum width of 7 feet at the paddle b ox es. '.l'\\"enty miles 
an hour over the highways on land was easily arcomplishcc1. ln i he w a t er, 
with 'the Forcl moto1· turning the paddles and the J ohnson outboa rd m otor run­
ning, a speecl of 4 miles an hour was atta in ed. Steering in the \\"ater is accom-
plished by the "disk fro 11 t wh eels, \\·hicl, act as nHlders. 'I'hus the sam<> steer ing ....,_, 
gear serves alike on lautl or wate r. Other te. ts \\"Cl'C made a t Hilo to determine 
the most efficient engine speeds an<l t o t1·y out the capacity of t he machine 
for landing Oil beaches of vario us s0rts. It \\"as foun d p ossible to clim!> ou t 
of the water over sto11.v lJea ches ha,·ing rathe r steep gra<lc~, a n,l s:1nd heachcs 
were cnsily 11cgotiate,l so 1011g as t.h<',v \\'C'l'e hnr(l enough to support the rear 
wheels. 

During }'eh1·unry the machine \\':lS t:tk e 11 :irouncl the island, partly 1,y lancl 
a 11c1 p,ntly by wat.<'r. •_r 1, <' trip h<'t;:m Oil Febnt:ll')' 8 h~- going OY<'rlancl to 
Kona, where a numhcr of <lays 11·c1·c spent 11avigating a s a hoat up :rnd (low11 
the Kona coast :t1Hl in laud ing 011 anll t:i king off from th<' Yarious beaches 
there. 'l'he Ohiki was then taken hy sea 1101·th ancl n o1· t l,east along the coast 
to Kawaihae, thence by Janel back through Hamakua and H ilo to the starting 
point at the Observatol'_v, complelint; thl' journey on FelJJuary 21. The dis­
ta11cc coYerecl was 208 miles 011 lnnd ancl 58 miles by sea. with many experi­
mental land ings and launchings. Jn lnlld ing a nd launching it was sometimes 
difficult to g<'t over the stl'c t ch o.f soft, <h y sand usually lying hctwcen t he 
wet auc1 hanl part of a b l'atl, nnrl t he nl'a rest r oac1. To pass the e places it 
was found 11eccssary to use pla 11king or other material to secure traction fo r 
t he machine. The use of the c0llulnr metal ma tti ng, such as is sometimes u sccl 
ou t he door steps o.f .large huilrl ings, a nd which can be made in strips of any 
l ength, was found to se1·v<' the purpose admirably as au aid in tra,,ersiug sancl. 
T he heavier grade of t his matting w as uot ben t by the weight imposed upon it 
by the w heels of the machine, a ncl d id not a llow the wheels to sink into the 
sancl. The strips of matt ing could be rolled up and were not too heav y or 
bulky to carry along and use when neccssit~- arose. T his iilea, together with 
oth er experiences gained by t he use of t he Ohik i, w ill b e of g reat Ya lu c when 
applied to the navigation of the Powell boa t Honukai (sea t urtle ) in the Alaskan 
cxplora tion s. 

VOLCANIC CONDITIONS I N AP RIL 

Act ivity of Halemaumau 

Slides rontinued to occur from the H alema umau walls at Yarious times, aucl 
on April 7 there were avalallches making 1·oars loud enoug h to be a udible at 
the Observatory ancl strong enough t o make seismogr aph recoriis. 

Near the close of the month y c l'lo"· stain ga,·e e,-idence t hat t he southeast 
s ulphur patch was again forn1ing after haYing been buriecl under de bris since 
the mid(llc of l\forch. 

There was no other notable ac tivity. 
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April 4. Tho SvV. wall ha been avalanching, as show n by its dusty surface 
from top to bottom . Look like rim b lock· had been tumbling in. Stones fe ll 
t here at 9 a. m. 'Ihe SW. talus is cov 'ring the south cone g1·adually. 1:here 
is very little steam. 

Small scars jndieate that slicle have 
April 6. At 8 :55 a . m. the ~outh and 

ancl other vents were also quite active. 
one fall of roeks hearcl. 

occurred NE. aucl E. 
r enter cones were steaming profusely, 
T he SW. wall is still a lJit uneasy-

April 7. At 7 :07 a . m. thel'e was a p l'Olongcd !'Oar of a n avalanche, followed 
by a dense cloud of du t. Seven minutes la'ter th ere w as a nother roar a ncl 
more clust. Th e fiT t avalanehe mnde a very defi nite seismograr h record. Other 
avalnneh s oecuned lming the day. 

April 8. Slides occurred NE. a t noon, and at 3 :15 p. m. slides ,.-ere- heal'd 
N., NW., and SW. 

'.l'he enter cone looks as though it h ad collapsed. 
April 28. The pi "·a quiet except for on e slide heard at the north corn er . 
April 11. At :50 a . m. foi ling rocks indicated 'that t he walls w ere 1·estless 

N., NW., a nd SW. ancl ne,,· rlehl'i coulrl be een on t he respective t aluses. 
Thju gray dust was obsen· d 't,."W, at 11: 25 a . m. 

April 13. At 10 n. m. th e pit was quiet and dry. A few stones stirred 
occasionally on the N . wall, where the re is a rar in the center. There was 
very littl e steam, t he largt> t fumarole being at the center of the SW. talus. 
Dusty slicles were observed j,1 the N . corner, on NE. ill. 

April 16. Th e wind wa too . trong to hear sounds in Halemaumau. At the 
south station the gro und showecl signs of fresh cracking. 

April 18. Th e pit was qui et nt 10 a. m. with both co nes steaming. No 
sulphw· spots ,rnn• to he S<'on, a lthough t here was yellow stai n at t he edge of 
t he east ta lus. New black bowld ers wcr ly ing on the south talus. 

April 21. At 9 :20 a. m. a strea k fr om a ·lide at the sout.h corner extending 
from midwall to botto m of talus "-as seen. '.l' her c was nothing n ew at tho 
cra cks by 'the ·outh station. 

A small slide occunecl in t he north corn er at 10 a . m. 
White salts arc promin en t SW. wh ere slirl es occuned a. f ew w eks ago . 
April 23. A clusty path of slides from th e west rim was observed. Wh ite 

rocks lie on S. a.ncl SSW. taluses. The r cl N. wnll js beco ming salt coatecl. 
April 25. Th er e was a noisy slil from low clown on t he sou th wall at 8:50 

a . m., followed shortly by n,nothor. 'rh ey ca me from n. frac'turecl ledge midway 
th e wall. Rocks rolled on other walls. 

April 28. The pit w:is qui et excep t fo r one slide hearcl nt t ho north corner 
nt 10 :30 a . m. White-coatecl cle]Jris indicates tlrnt the north wn.11 has had 
several slides. 

'.l'he E . sulphur patch, long buri ed, is beginning 'to show· definite signs of 
returning. 

SEISMOMETRIC RECORD 

Th er e were 72 loeal ear t hquakes reco rded on the Observatory seismographs 
during t he month eucled at midnight April 30, 1928. 'rhese and other ph enomena 
are listecl belo,v. Th e time usecl is Hawaiian Stmiclard (time merid ian is 157 ° 
30' W .), which i 10 hours ancl 30 minutes lower t ha n Grnenwich Time. 

Th e greater number of the ver~• feeble local shock s counted in 'the list 
make su ch minu te r ecor d: t hat t he chnrnrter of t he (listurbance js not always 
apparcu t . So me arn true earthquakes; others arc perhaps th e parts of greater 
amplitucle of a con'tinuou or p1:otractecl tr mor, w hich at other times may b e 
too feeble to recorcl ; some seem t.o b e r ecords of vibrations set up by avalanches 
in the pit of Hal emaumau. 
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Abbreviations used b elow ar as fo llows : vf, ve ry feeb le; f, feeble; s, slight; 
m, moderate; d, instrum ents cli smanLlcd; fl, fe l t locally; 6, i ndicated dis tance 
in mil es ; *, continuous tremor. 

Local Earthquakes 

April 
1 4:41 a.m. vf. 12 :29 p .m. vf. 11:15 a.m. vf. 

8 :50 a.m . vf. 2:51 p.m. vf. 11 :11 p .m. vf. 
10:25 p.m. vf. 4:05 p.m. d . 21 1 :55 a .m. vf. 

2 2:04 a. m. vf. 4 :38 p .m. vf. 22 5 :06 p.m. vf. 625. 
2:31 a.m. vf. 4:41 p.m. vf. 5: 1 p.m . vf. 
3:31 a.m. vf. 4 :46 p.m. v f . 23 2 :24 p.m. vf. 
3 :39 a .m. vf. 12:25 p.m. vf. 7 :14 p.m. vf. 
4:1 a .m .vf. 1: 26 p.m. vf. 24 1:41 p.m . vf. 

10: 16 a.111. vf. 9 10 :36 a.m. vf. 4:1 p.m. Yf. 
10 :21 a.m. vf. 8 :28 p.m. vf. 4 :19 p .m. vf. 

3 12:01 a.m. vf. 11 5:59 a.m. vf. 10:58 p.m. vf. 
4:151.m.vf. 1 :57 p.m. vf. 25 5 :40 p.m. Yf. 

4 8 :39 a.m . vf. 12 9 :28 a.m. Yf. 26 10:29 p.lll. Yi. 
9 :18 a .m. vf. 14 5 :4 a .m. vf. 27 12 :2 a .m. vf. 
4:02 p.m. vf. 11:06p.m. vf. 1:41 p .m. Yi. 

5 2 :12 a.m. vf. 15 2:28 a .m. vf. 3 :56 p .m. vf. 
8 :39 a.m. vf. 10:08 a .m. vf. 5: 16 p .m. f. 653. 
9:50 a.m. vf. 11: 52 a .m. vf. 28 9:4 a .m. vf. 615. 

6 1 :27 a.m. vf. 2 :36 p.rn. vf. 10: 26 a.m. ,£. 
3 :19 p.m. vf. 16 1:43 a.m. s. fl .. 65. 10 :54 a.m. vf. 

7 3 :12 a.m. vf. 17 2 :35 a .m. vf. 12 :15 p.m. vf. 
6:19 a.m . vf. 12:42 p.m. vf. 29 12 :12 p.m. vf. 
7 :07-7 :09 a.m. vf. * 18 11 :53 p.m. vf. 5:29 p .m. ,·£. 
7:13 a.m. f . 625. _o 7:40 a .m. vf. :36 p .m . Yf. 620. 

Harmonic Tremor 
This type of moveme nt was 11ot rC'corclecl during t ho month. 

Microseismic Motion 
Mforoseisms w ere sligh tly tro11ger t han nor mal on April 6 :uul omewhnt 

weaker t ha n norm al on the 26th ancl 27th . 

Tilting of the Ground 
By weeks t his movement was as fo llows, cxpr es eel a angular change and 

direction of motion of the plum! line : 
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March 28-April 3 ..... .. ...... .. .. .... . . . .. . 0. econcl E . 
Ap1·il 4-10 ........ . ......... . . . . . .. ... . ... . 1.3 ceonc1 w. 

" 11-17 . . ...... . ... . . . ....... .. .... ..... 0.6 econd Ei\""E. 
'' 18·24 .. . ..... . ..................... .. . 0.6 " NW. 
" 25-M:-ty 1 ... ........... ... . ... ...... . . 0.7 " SW. 

R. )I_ WIL O ", 
Topographic E ngin eer. 



.... 

F ig ure ]7. December 21, l!J27. Fi rs t t l'i a l of th e Ohiki . P l,oto Wilson . 



}'igurc 18. February 8, 1028. '.l.'l, c Ohiki lea vi ng the Obsc 1·vatory fo r Konn. Mr. L . A. Thurston beside Dr. 'I'. A. 
Jaggnr, \\'hO is driving. Photo "Wilson. 
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Figure ID. Februa ry 11, l!l2 . 'l'ho bea ·h at Hook c n:1 wher e 1he Ohiki made it.s first lnun ehing in Kona Distri ct. Note 
old la va easea<l e on fac e of c liff at righ t. P hoto Wil so n. 



Figur 20. April 15, 1928. Looking north enst nc 1·0s Mn.k::i opuhi Crnter from the eml of the Cha in of Craters Road. Photo 
Wilson. 
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All exchanges, gifts t o library, news notes about Pacific volcanic nnd 
sejsmic events, and correspondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, _Volcano House, Hawaii. 

The Observatory is operated by the U. S. Geological Survey, anc1 its work 
is supplemented by the Hawaiian Volcano Research Association . The main 
station is on the nor theast rim of Kilauea Crater. Subordinate seismograph 
stations are operated by the Research Association under the direction of the 
volcanologist in Kona and Hilo. 

'!'he Kilauea sta tion operates horizontal pendulums of the Bosch-Omori type 
:rncl rer eives tim e by wireless from the Honolu lu Naval Stat ion. Observato,·y 
Lat. 19° 25' 54.3" N . ; Long. 155° 15' 39.6" W. ; Elevation cellar 1214.6 meters 
(3985 f eet ) . 'fh e Hilo and Konn stations operat e horizontal pendulums. Their 
seismograms are sent to the Observatory. 

The Hawaiian Volcano Research Association found ed the Observatory in 
lDU, transferring tl,e plant to the Gove1:!1me11t in 1919, but continuing coopera· 
tion in experimental work by furnishing funds and apparatus and workers as 
needer1 by th e Government Volcanologist. It is a corporation unde~ the laws 
of Hi,waii, governed by a board of directors, and finan ced by the subscriptions 
nf its members and patrons. Its aims are irlenticnl with thnse of the Observn· 
tory, namely, (1) To k eep record of Hawaiian volca1usm, (2 ) To attract vol­
cauologie specialists to Hawaji, and (3 ) To promote worldwide knowledge of 
volcanoes a11d earthquakes and th e foundation of more volcano obse1·vato1·ies. 
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VOLCANIC CONDITIONS IN MAY 

Activity of Halemaumau 

'fhere were a few slides and a little stripping of 'the walls as a cons 'q uen ce 
d uring t he month. A circuit of the pit showed considerable change in rim 
<"ontour in rncent weeks, particul arly noticeable at the north -north east rim. 
Measurements of the cas't rim cr acks failed to show any clecidcd movement 
of the rim blocks. A survey of locations of active steam vents was macle on 
May 7, as notecl in the Journal. 

Visitors to the volcnno in cluded a few t housand sai lors from "(;11.ited States 
battle squaclrons. 

JOURNAL, MAY, 1928 

May 2. SE. sulph ur patch no't clistinguishable today. A new scar at center 
of N . wall . White salts there before are now gon e. 

After two wet clays steam haR increasecl, particularly at a wet patch on 
the KNW. wal l. A few rocks f ell at N. corner at :45 a. m. 
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May 5. Very windy. N . wall has had ·lid os. W et spot Nx·w . sti.11 per­
si -ts . Du t seen N. aucl W. at · 9:50 a . m. 

May 6. At 4:20 a. m. th er e was an avalanche N. 
}\[ay 7. M easured cast r im cracks at 9 a. m. The pit was quiet. t eam 

s een at S. an i cente 1· cones an cl a t N. cone vent. 'rwin cone v ent reportecl 
teaming yestenlay. 'Present steaming places are : B elow edge E . rim; back 

of N. NW., a nd W. l'ims; middle NNW. wall; middle and S. top of W . "talus; 
middle N r E . talus; thr ee p laces on " B . t alus; b elow E. encl of NE. sil l; two 
floor fumaroles at fo ot of N. talus; b oth wall edges of .1: W. ta lu . 

A few minute rock trickle · w ere hea1·cl at intervals. 
May ·s. Dark reel surface of K. 11·all indicntes peeling. All t he for mer 

white salts gone. Slow t rickle of rnck th ere at 9 :30 a . m. Cones ,rnre steam­
j11g. 

Note that big SW. talus is th only one ·which has not ch ::rngcd in th e pa t 
_vcar or more. The edge of July h,·a floo r he re is t he only place not OYcrlap pecl 
by debri s. 

May 11. At 6:13 p. m. an ::rvalanch J N . ma cl e a seismographi r eg i tratiou. 
May 12. Stones tdckl d W. at :50 a . m. 
The pi't is dark from rain - W . wind yestercl ay . Steam vent all a trifle 

more a ctive. 
A streak of grny clebris on red K . ta lu must be th e avahLUch o of 6 :13 p . m . 

yesterday. 
Avalanche dust . was seen a t 11 :50 a . m. 
May 14. At 12 :15 p. m. th e1·e wa a licle a t t h e west corn er. W. wall 

clust,y. Not much team. Hearl rock ~ - :mu W. 
May 15. At 3 p. m. there 11·ns anilanche clu t oYcr 'th e NW. corner. 
May 16. New dohris tops N,V. t a lu . , one· hcm·cl NW. a u(l ,v. at :30 

a . m. Steam ing pla cs on t:i.lu cs and walls arc con picnous. 
May 19. 10-10 : 20 a. m. Pit i. quiet and no ound heard . Yoilow ain 

is cli ccrnible at sit e of SE. sulphur spot . Alec , guicle, repo1· t s slide ·. corner 
two days ago. 

H unclrecls of sailors from U . S. -ayy vi iting Halcma umau. 
May 21. Circuit of pit mad e !'l: 45-11 :i. m. Odor of p icy sulphur K . ::lluch 

change noted i.n rim eontour. Slide f rom up per _-_ corner at 10:55 a. m. 
SE. sulphur tain is g rowing. 
May 22. 'rhin dust : een in th e pit from Ob ern ttory at 9 :05 a. m. St rong 

wind blowing. A t 11: 35 there was a large lide from KE. corner. Mor e 
avalanrhing oc~urrecl about 1 p. 111. from the north . 

May 23. Slides r eported S. making noi. e ann du t yesterday about 9 a. m. 
Slide SW. now at :40 a. m. Rocks fell 9 :10 a . m . );"W. Du t from slide I W . 
seen 11 :15 a . rn . Several avalanch e K. or -"'· during th e afternoon. 

Crn.cks were measured, but littl e difference found ov er measurements of 
May 7. 

May 25. Due t o very st r ong NE. wind he on h Kilauea fl oor i very dusty , 
an d clesert is o thi ck with dust cloud tha the whole horizon i hidden. 

May 26. Rainy and windy, but at 11 :3(1 a . m . no sliding not ed. N . wall 
streaked from center down, ancl talus ha ne,,- red d irt . 

Slides a t S. corner have again oblitera ed £. ulphur spot. 
May 28. At 9 :15 a. 111. IIalem::t uman w - quie . . con e team 
May 30. Quiet an cl . u nn y at 9 a . m. , ery lit le , team : mi>- con;.,pit'uons 

::it center of SW. t a lus. 
Rumor of extrnordin:ny crack wid ening at 14-t"n l ou-1,}<>r pr-oY 

SEISMOMETRIC RECORD 

'l'here were 9 lo.cal earthquak es and three el - - - n'lem-a~o 

tory seismogrnphs during the mon th ended a t mi - h 
and other phenom ena are listecl b elow. Th e ime a, 
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(time merid ian is 15 7° 30' W.), which ie 10 hourn and 30 minutes slower than 
Greenwich Time. 

'l'he greater numb er of tho very feeble local shocks counted in the list 
make such minute rccorcls that the character of t he distluhance is not always 
apparent. Some arc true earthquakes; other are perhaps the parts of greater 
amplitude of a continuous or protracted tremor, which at other tjmes rnay be 
too feeble to record; some seem to be records of vibrations set up by avalanches 
in the pit of Halemaumau . 

Abbreviations u secl below are as follows : vf, very feC'ble; f, feeble; , , 
slight; m, moclerate; cl, instruments dismantled; fl, felt locally; [:;., in licatcd 
di tance in miles; *, continuous tremor: 

Local E arthquakes 

:Hay 
1 1 :10 a .m. vf. 7 9 :54 a.m. vf. 

2 :42 a .m. vf. [:;.11. 1:16 I .m. vf. 
9 :43 a .m. vf. 3: 20-3: 22 p .m. vf. * 
1 : 10 p .m. vf. 
3 :10 p.m. vf. 

2 3 :57 a.m. vf. [:;.5. 
5 :49 a.m. vf. 
9:39 a .m. vf. l:;.26. 
2:4!5-2 :49 p.m. vf. 
2 :58 p.m. vf. 

3 3 :48 a .m. vf. 
8 :26 a .m. vf. 

:35 a.m. vf. 
10 :57 a.m. vf. 
11:13 a.m. vf. 
11 :14 a .m. ,f. 

4 5 :15 a.m. vf. 
10:30 a .m. ,f. 
10:31 a.111. vf. 
10:32 a.111. vf. 

3 :22 p .m. vf. 
3 :44 p.m. Yf. 
9 :48 p.m. vf. 

5 6 :19 a .m. vf. 
9:00 a.m. vf. 
2 :4 p .m.Yf. 
4:41 p.m. £. [:;.19. 
4 :55 p .m. vf. 
9 :26 p.m . vf. 

6 4 :13 a.m. vf. 
4 :18 a .m. vf. [:;.12. 
9 :51 a.m. yf_ 

2:55 p.m. vf. [:;.11. 

Teleseisms 
May 7 

:25 ]) .Ill. vf. 
1 :36 a .m. vf. 
2:00 a .m. vf. 
7:56 a .m. vf. 

9 5 :17 a.m. vf. 

" 11:16 a .m. vf. 
2 :05 p.m, Yf. 
2:19p.m. vf. 
2:42 p.m. ,f. 
3 :40 p.m. vf_ 

10:07 p.m . vf. 
10 12:27 p.m. vf. 

3 :29 p.m. vf. 
6:13 p.m. vf. 

11 7:08 a.m. ,f. 
10:2 a.m. vf. 
11:15 a .m. vf. 

:38 p.m. vf. 
12 1 :45 a .m. vf. 

5 :41 a.m . vf. 
4:05-4:09 p .m. vf. 

13 l :07 a .m. vf. 
11 :03 a.m . Yf. 
12 :07 p.m. vf. 
12 : 15 p. rn. vf. 

14 
8:03 p.m. v.f. 

°12 :32 a.m. vf. 
4 :24 11,. 111 . vf. 

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

iP 6 :24:39 p.m. Feeble record . 
S ~ 6 :31 :2 p.n1. 

May 14 
jp 11 :57:01 a..rn. 
S 12 :07 :18 p .m. Distance 5,580 miles. 
LE 12 :22 p.m. 

* 

14 2 :16 p.m. vf. 
3 :1 p .m. vf. 

15 12 :21 a.m. vf. 
9 :26 a.m. vf. 
3 :42 p.m. vf. 
3 :49 p.m. vf. 

16 6 :45 a.m . vf. 
3 :50 p .m. vf. 

17 10 :4 a .m.vf. 
9 :40 p.111. vf. 

18 2 :19 a .m. Yf. 
9 :47 a .m. vf. 
4:17 p.rn . vf. 
5:00 p .m. vf. 
7:43 p .m. f. [:;. 14. 

19 2: 21 p.111. -,£. 
20 4 :23 p .m. vf. 

10 : 59 p .m. vf. 
22 9:05 a.m. vf. 

8,1 - p .m. vf. 
23 4 :48 p .m. vf. 
24 3 :55 p .m. vf. 

8:31 p.m. vf. 
25 8 :34 a.m. vf. 
26 4:04 a..m. Yf. 

7 :32 a .m. vf. 
4:33 p .m. vf. 

27 12 :44 a.m. vf. 
1 :23 a.m. vf. 
1:26 p.m. Yf. 

29 5 : 56 a.m. vf, 
30 11 :54 a .m. vf. 
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Mnv 26 
· S ~ 11: 37:55 p.m. Feeble recor d. 

L i 11 :46:291),m. 

H armonic Tremor 
'l'hls type of movement was absent t hroughout the month_. 

Microseismic Motion 
Mi.croseisms were slight on May fl, beco ming stronger to somewhat more 

than normnl amplitude on the 13th, dimin i hing again to n orm al lJy th e 16th . 
On the 25th lJ et ween 8 ancl 10: 30 a. m . small vi brations clue to heavy_ wind 
were present. 

Tilting of the Ground 
By weeks this movement wa s as fo ll ows, exprn secl as :rngnla r hange and 

clirectiun of motion of t he p lumb line : 

38 

April 25-May 1. . .. . . .. . ... .. .... . . .... . . . .. . 0.7 
May 2- .... . .............. . .. .... .. ...... . . 0.6 
,, 9-15 . . . .... . ..... . . . . .. .... . . ..... ... . . 1.0 
,, 16-22 .. . ... . .. . ... . . .................... 0.3 
'' 23-29 . ... . . . . . . .. .. ... . .. . ...... . . . . .. .. 0.3 
'' 30-Ju11c 5 . ........ . . .. .. . .. . .. ...... .. .. 0.7 

secon d SSW. ,, s. 
" SW. 
,, ·wsw. 
" ,v. 
" SW. 

R. M. WILSON, 
Topographic Engine<'r. 



Figure 21. F cbru:ny 20, 192 . on ti ng of clust from n valan ches set t i ell on no1·t.h part of Hal cmaum au floor. P hoto Wilson. 



}'igure 22. J une 6, 192 . Look i11g we ·t aero s fl oor of Makaop uhi Ora tor. 
Sholl' ing som·cc cone. a nd flow of 1922 on t he tal us lope. ]~hoto "Wi lso n. 



, ? __.. 

FigUl'e 23. F hruary 20, 1928. Telephoto vi 0 w of middle cone a nd J anuary Java. Photo vVil on. 



J.'igur<: 24. J une G, )928. Malrnopuhi Crater, sho\\·ing cclge of nn l:iva floor at 
lowrr lrft, and the bo\\·lilC'l'S :it t he foot of "·est talus. Photo \Vi!s0 11. 

Pignrc 25. Decem ber 21. 1927. First ,niter test of the Ohiki in the lagoon 
nt Ki11olc. Photo Rodges. 
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Black spot shows location of Observatory. 

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

The Observatory is operated by the U. S. Geological Survey, nncl its work 
is supplemented by the Hawaiian Volcano Research Association . '.!'he main 
station is on t he northeast rim of Kilauea Crater. Subordinate seismogrnph 
stntions are oper:itecl by thP- Research Association under the direction of the 
volcanologi t in Kona and Hilo. · 

The K il auea station operates horizonJ-.:tl pendulums of the Bosch-Omori type 
nn<l re~eives time by wireless from the Honoluln Navn l Station. Observatory 
Lat. 19° 25 ' 54.3" N.; Long. 155° 15' 39.6" W.; Elevation cellar l 214.6 meter · 
(3985 feet) . 'l.'he Hilo and Ko= station operate l1orizontal pendulu ms. Their 
scismogrnms are sent to the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
)91 1, transferring the plant to the Government in 1919, but continuing coopera­
tion in experimental work by furnishb1g funds and apparn.tus and workers as 
neeclecl by the Government Volcanologist. It is a corporation uncle,· the Ja,n 
ot' lLiwa.ii, governed by a boa.rel of directors, ,rncl fin:lll eel by the snbscriptions 
ol' its member s and patrons. Its aims are identical with those of tbe Observ:i­
tory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
eanologie specialists to Hawaii, and rn) To promote worldwide knowledge of 
volcanoes and ear thquakes and the fo undation of more volcano observatories. 
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MAP AND STATION DA'.l'A 

THE SEISMIC SEA WAVE AT HILO 
By R. M. Wilson 

Early in 'the morning of J une 17 there occmrecl at H ilo a mild tidal waYe 
cl ue to t he Mexican ear thquake of J une 16, 1928. This went unnoticed at 
H ilo, perhaps because of the t ime of it· occuncnce, between 1 and 2 a. nr. 

The epicenter of t he earthquake wa in t h Acapulco Deep of the Pacific 
Ocean, about 125 miles south of th e coa t of t he Mexican State of Oaxaca. 'l'bo 
roast towns in this region suffered considerable cla mage; press r eport r efer to 
clestru ·tiou by ticlal wav at Chncn hua, and at P uer ta Angel water wrn-cs :ue 
mentioned as coming in from the sea which "rusherl inla nd 50 yarcls. " 

On J\!Iarc h 22, 1928 a similar earthq uake occurred in al most t he ame place. 
'l'hc :Ma rch earthquake, ho 11·cver, prnduccrl no sea wa ,·e that. coulcl be rlis­
cove1·ecl on the Ililo tide gauge r ecords. The fact 'that only one of these two 
earthquakes produced a sea wav i per haps to be explained by t heir relative 
intensitie . 'l'he seismograph records of t he two shocks as niade a t the .l:la" ·aii­
an Volcano Ob ervato ry were omewhat similar in c!J ::iraeter, but the trace 
amplitude of t he June 16 earthqual,e ,ms greater. 
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The seismic sea w ave here discussed was r ecorcl ecl feebly at Honolulu, but 
its b eginning on the records of t he gauge 'there could not I definitely iden­
tified. 'l'he water wave from :Mexico ha d to pass around t he l land of Oahu 
to r each Honolulu, nnd th e Honolulu harbor is more f ully protected than the 
Hilo harbor, which facts probably account fo1· the feebleness of the Hono­
lulu record. 

Fig. 26 is a tracing of t he marigrnm m atlc by the recording tide gauge at 
Hilo covering t he first par ts of the tidal disturb:rnce. The curve hows the 
anival of the sea wave on June 17 at 1:18 a . n1., developing into a erie of 
sha l'p r isings and fallings through a maximum range of 1.32 feet. The period 
of t he fil·st cycle w as about 22 minutes, conforming app1·oximately to the p eriod 
of the natmal water oscill ation of Hilo Bay. The maximum o cilla ion of 
t he water had a period of about 15 minutes. Th e duration of the dis urbance 
was remarkable, as t he marigram curve shows evidence of disturbed wa er leT"e] 
for over 24 hours. Th er e seem to be definite re urrences of the di~rur banee. 
perhaps due to r efl ections of the original 'tidal wa ve from other co or o 
after-shocks a't the origin of t h e earthqu ake. 'l 'h e most importa n o · tbe;;e 
r ecurren ces began at 6 :0 a . m. having a period of 18 minutes an d a ran e of 
rise ancl fall of 0.7 foot. F ainter recurrences seem to have occurred a , p. m.. 
7:45 p. m.1 a nd 011 Jun e 18 at 12:35 a . m. and 6:10 a. m. 

Th e first tabl e given below shows the results of computing he ~ 

velocity from clata r ecorcled at 'the Hawaiian Volcano Observatorr. 
imm edi_ately available from t he eismograms: 

SEISMIC SEA WAVE AT HILO JUNE 17 

(Hawaiian tandar cl Time) 

Arrival of preliminary earthquake wave ... . .... June 
Anival of seco11dary earthquake wave .. . .... ... Juue 16 5: 06:5. 
Computed distaur e to epicenter ..... . . 6,3 00 km., or 3,915 a, · 
Time at origin .. . ..... . .. ... .. . ......... . . . . . . June 16. 4:4! : . 
Time of arrival of sea wa,e ..... .. ..... ...... .. .. Juue 1,, 1 :- . 
Travel time of en wa,·e.... . . . . . . . . . . . . . . . . . . . . . . hours. 
Sea wave Yelocity from origin ...... .. .. .. ... .. 206 meter 

Or ... . . ..... . ....... . . . ..... .. .... . . . ..... 7.7 mile 
Somewhat bette1· figures result from the use of t he coord.ina· 

center and th e ti me of the earthquake at its origin as compu e 
Seismological As ociation from i-ecorcls of a number of di.fferen 
Figures in the follon-ing table are ba eel upon the preliminary 
time of the shock as furnished by that Association: 

Origin at .. ..... . ..... . .. .. .. . ......... 14.5° N. L at .. P6.:= 
Distance from origin to Hilo ... ... .... 6,210 km., or 3, 60 _ 
Bearing of epicenter from Hilo .. . . .. . ... . ...... .. .. .... ....• •. 
Time of origin .. . ....... . . . .... . . .. ... ... ..... June 16. 4:-:.. : " 
'!'ravel tin1e of ea wave.. . ... .. . . ... . . . . . . . . . . . . . hour· 
Sea wave velocity .. . ..... ... . ...... .. . .... ... 203 mete • 

Or ......... ...... .............. .. .. ..... .. 7 .6 mile. 
During 'the year 1927 there were r ecorded two seismic 

which were discu ed in thi B ulletin fo r March, 1928 (Vol. 
clisturbance described abo.-e wa of greater amplitude than ei h 
of 1927. 

VOLCANIC CONDITIONS IN JUNE 

Activity of H alemauma u 

Th e volcano remained inactiYe throughout the mouth. a l ho 
solstice conditions were clo ely watched for any indication o • ~·,. ,.,..._,~ 
w as slight working of the walls. 
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On June 6, 1928, Messrs. Clark, Ru s and Wilson went to t he bottom of 
:\Iakaopuhi Crater. Notes on this and fo rmer 'trips will be foull(l in Volcano 
Letter Nos. 47 and 1 1: see figures 22 and 24, t his B ulletin, :May, 1928 . 

.JOURNAL, .JUNE, 1928 

.June 1. 'l'he SE. sulphur pat ·h has r eappeared. Quiet and sunny day. Very 
little steam . 

.June 2. Dust cloud from an avalanche rose at 11 :30 a. m. Other dust cloucls 
observed during 'the afternoon. 

June 3. Streaks from slides N. and E . seen. ew reel debris covc1·s the N. 
talus. 

Rainy day. Red wall colors are conspicuous. 
The SE. sulphur area i · again bmiecl . 
.June 5. Slides 1\TW. at noon, ancl NE. at 3 :45 p. m . 
.June 6. No changes to be seen in th e pit. Tropi birds l1eal'Cl cliirping 

loudly somewhere in upper E . wall. Very slight odor of free sulphur notieea 
SE. Avalanche dust seen at 11:30 a . m . 

.June 9. A strong NE. wind stirs up clust clouds in the desert. A small slide 
occurred low down 011 S. wall at 10 a. m. Almost no steaming following a long, 
dry spell . 

.June 11. Nothing new to be seen at 10 a. m. N umerous rusty spots on floor, 
similar to those on Manna Ild, indicate hot areas. There was one light · trickle 
of rocks S. Steaming is extr emely slight . 

.June 13. All quiet at 9 :40 a. m. Only a little steam-NW., NNE., S., and 
SW. taluses, and S. cone . 

.June 16. Halemaumau was never more quiet. One or two very light slips 
of rocks heard. Both cones nnd usual talus vents steam thinly. 

A few new sulphur crystals have formed in the 1923 crack south of the 
Chain of Craters Road . 

.June 17. Avalanche dust :t-1"-E. een at 12 :30 p. m., ancl again at 3 p. m . 

.June 18. Green-yellow stain is plain at floor edge_ of SE. talus, with a littl e 
steam. The solfatara on E. talus edge does not change. 

Cracks were measured . A very sliglii widening has taken place at the 14-
ton bowlder . 

.June 20. At :50 n. m. a lide on the Vv. wall made noise and dust. The 
wall has peeled pinkish. A very high wind makes ob ervations d ifficult . 

.June 23. No changes noted, excep't slight peeling of the N . wal l. 

.June 25. Nothing new. A li ttle slide occurred NE. at 9 :30. At 9 :45 ther e 
was a slide of rocks on the SE. talus. 

Greenish stain over SW. tu!lilels appears new. 
June 27 . Th e N. mid E . walls and talu ses are dark from recent rains. 

Steam vents arc all slightly more ac'tive. 

SEISMOMETRIC RECORD 

There were 102 local earthqunk.es and four t,ele eisms recorclecl on the Ob­
servatory seismographs during the month cmcl ed at midnight J une 30, 192 . 
These and other phenome11a arc listed belo\\', The time used is Hawaiian Stand­
ard (time meridian is 157" 30' W.), which is 10 hours and 30 minutes slower 
than Greenwich Time. 

The greater number of the very feeble local sl1ocks counted in t he list make 
such minute recorcls that the cha racter of the disturbance is not always ap­
parent. Some are 'true ea rthquakes; others are perhaps the parts of greater 
amplitude of a continuous or protracted tremor, whi ch at other times may be 
too feeble to Tee.ord; some seem to be recorcls of vibrations set up by avalanches 
in the pit of Halemaumau. 
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Figure 26. 'ric1c gauge re ·orcl of seismic sea 11·a,·c, Hi lo, Hawaii, J·un c 17, 1938. 
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Abbreviations used b elow a re as follows : vf, very feeble ; f , feeble ;_ s, 
slight ; m, m ocle1·a te; cl, instruments disman tled; fl, felt locally ; 6 , indicated 
distance in miles ; *, con tinuous tremor. 

June June 
1 12 :22 a.m. vf. 13 

2 :20 p.m. v f . 
3 :20 p,111, Yf . 
5 :59 p.m. vf. 1-1 

2 6 :32 a .111. ,-f . 6 9. 
11 :01 a .m. vf . 

3 
2 :04p.m. vf. 
9:54 a.m. \'£. 

11 :03 p.m. vf . 
11 :50 a.m. vf. 

5 7 :53-7 :59 [l.111. Yf . * 
8 :03-8 :07 n.111 . vf . * 

6 3 :27 a .111. vf. 
12 :26-12 :30 p .111. Yi. * 15 
12 :31 p.m. vf. 

7 1 :31 a.m. , f . 
5 :03 a.m. vf. 
5 :04 8.Jll . \·f. 
4 :2-1 p.m. vf. 
4 :28p.m. Yi. 
6 :29 p .111 . vf. 

8 9 :53 a.m. Yi. 16 
9 :56 a.m. vf. 

10 :09 a .m. vf. 
12 :43 p.111 . vf. 

9 9 :03 a .Ill. ,f. 
10 12 : 05 p.m. v f 

5 :36 p.m. vf. 19 
7 :21 p.m. Yf. 

11 3 :53 a .111. v f. 
l:36p.m. vf. 
9 :37 p.m. ,-f. 20 

12 1 :38 a.m. vf. 
1] :52 a .Ill. ,f. 

7:56 p.m. ,f. 

Teleseisms 

June 16 
eP 
s 
~ 

M 

4:59 :08 p.111. 
5 :06 :59 " 
5 :13 :03 " 
5 :15 :25 " 

J u ne 21 
iP 
s 
L 

June 21 
iP 
s 

SR? 
L 

12 :18 :27 
12 :25 :04 
12:29 :11 

6:05 :07 
6 :11 :23 
6 :14 :41 
6:16:41 

a .n1. 

" 
a .m. 
" 
" 
" 

.June 
5 :5 :\.111. Yf. 20 12 :34 p.m. vf. 

10 :20 a.m. , f . 21 4 :27 a .m. vf. 
7 :42 p .m. vf. 6:47-6:49 a .m. v f . * 
-1:5 a .111. Yf. 3 :18 p .m. vf. 
7 :56 a.m. Yf. 22 9 : 15 a.m. vf. 
9 :10 a .111. ·v f . 9 :25 p.m. vf . 
9 :52 3.111. Yf . 25 12 :49 a .m. v f. 

11 :34 a.m. vf. 2 :12 p.m. vf . 
12 :22-12 :24 p .m. ,f. * 3 :57 p.111. vf. 
12 :28 p .111. Yi. 5 :47 p .111. vf. 
12 :35 p .m. vf. 26 10 :11 a .m. vf. 

:00 p.111. vf. 2 :45 p .111. vf. 
9 :01 p .m. vf. 6 :37 p .111. vf. 
2 :55 a .m. vf. 27 5 :37 a .111. vf. 
4 :07 a.m. ,f. 2 12:07 a.m. v f. 
-1 :17 a.111. vf. 12 :27 p .m. vf. 
4 :29 a .m. vf. 1 :47 p.m. vf. 
8 :47 [l-111. Yf. 1:56 p.m. vf. 
9 :0-! a .m. Yi. 7: 21 p.111. vf. 
2 :44 p.01. Yf. 11 :1-1 p.111. vf. 
6 :-15 p.m. ,f. 20 1 :04 a .m. vf. 

12 :-18 p .m. d . 12 :57 p.m. vf . 
:19 p .111 . ,f. 6 :30 p .m. vf. 

1 :19 a.111 . vf. 30 12 :20 a .m. vf. 
8 :57 a .111. Yf . 4:06 a.m. vf. 

10:46 a .111 . vf. 4 :31 a.m. vf. 
11 :40 p.111. vf. 5 :48 a.m. vf . 
12 :58 a .m. vf. 9:06 a .111. vf. 

6 :44 a .111. vf. 10 :59 a.111. v f. 
11:10 a .m. vf. 10:01 p .m. vf . 

7 :38 p .111. vf. 10 :30 p.m. vf. 
4:43 a .m. vf. 11 :55 p .m. vf. 
5 :43 a .111. vf. 
9 :07 a .m. vf. 

11: 36 a.111. vf . 

Distauce 3,915 miles. This earthquak e caused 
a t idal w ave a t Hilo, which has been descr ibed 
in the for egoing pages of t his Bulletin. 

Dis t ance 3,120 miles. 

D istance 2,900 miles. 
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June 29 
cP 
s 

12:2 :15 p.m. 
12:35:25 " 
12 :39:25 " 
12:41:25 " 

H armonic Tremor 

Di tance 3,400 mil . 

'flus tnJe of movement wa absent throughout the mon'th. 

Microseismic Motion 

Micro ei ms w re ligh tly stronger than normal on the 14th and 15th, and 
normal fo r t he balance of the month. 

Tilting of the Ground 

B y weeks thi movem n t was :is fo llows, expressed as angular cha nge and 
d irection of motion of t he plumb line: 

May 30-June 5 0.7 second W. 
June 6-12 0.2 '' 1'TE. 

" 13-19 0.4 '' WSW. 
" 20-26 0.2 ,, E . 

" 27-July 3 0.3 ' ' NE. 

R. :\'I. WILSON 
'l'opographie Engineer. 
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Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
~ei~mir. events. and corresponclence should be n.dclressed HAWAIIAN VOLCANO 
OBSERVATORY, Hawaii National Park, Ha,vaii. 

'l'he Observatory is operated by the U. S. Geological Survey, and its work 
is supplemented by the Hawaiian Volcano Research Association. '.rhe main 
station is on the northeast rim of Kiln uea Crater. Subordinate seismogra ph 
stntions 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-Ou1ori type 
nnd rereives time by wireless from the Honolulu Naval Station. Observatory 
Lat. 19° 25' 54.3" r.; Long. 155° 15' 39.6" W. ; Elevation cellar 121 4.6 meters 
(3985 feet). The Hilo and Kona stations operate horizontal pendulums. Their 
scismograms are sent to the Observatory. 

The Hawaiian Vol cano Research Association founded the Observatory in 
1911, transfening the plant to the Government in 1919, but continuing coopera­
tion in experimental work by furni shing funds and appara tus and workers as 
needed by the Government Volcanologist. It is a corporation uncle• the laws 
of I-I:i waii, governed by a board of directors, and financed by the subscriptions 
nf its nwmher nnrl pntrons. Its aims are irl cntical 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 observatories. 
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Th approximate r cntc.' t' of the pit of Hnlcmaumnu is in Latitucle 19° 24' 34" 
N"orth, antl Longitude 155° 17' 10" W est. (Pig. 27. ) In it· I re en tonclition 
i t i almost <' il' ·u lar in hnp , t hough th 11orth :1st-sou t lrn·est diam tcr is l ight­
!_,. gr ater. Its clinmcter are 3,420 by 2,9 0 feet . The pedmetcr i 1.96 mile . 
'l'he clepth of t h lowest part of th floor l low the a,·eragc rim ele'<'ation is 
1,170 f t. 'f h summit of the ·ourhwest cone i 160 feet nboYe 'the !owe t 
1 art of Lhe floor. 'l' ht' rl l, r is . lop('s 01· t;1lusc>s rcpos nt an angle of ::tbout 30" 
from thr horizontal "·bi~lt i abou t a 5 % gru el . Th steeper wall tancl at 
:thout , 0 from tht• horizontal; while• the a,·c•ral!e lop of the north we t ,,,all 
i about 53 ° from the rim to it !owe t to . (Fig. 2 .) The nrea of e:i..--posecl 
l;ffa floor an1l th• !'ones ll'ith thC'ir spattc•r i · now abou t 19 rte re ·. '!'he hori -
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zontally projected area of all the taluses is 7 acl'es, and the area of th e hori­
zontal projeetion of all th e walls is 81 a cres; th e slope surface areas are of 
co m·se much greater. This makes th e total area of th>e pit l 7 a cres. The 
southeast station (Fig. 29) at the "Halomaurnau sig11," which is the point from 
which the pit is mo ·t often viewed, is a bout south 30° 'Cast from th e conter of 
the pit, a11d the eleva tion of th e bronze mark th er e i · 3,65 1 feet abovie th e mean 
ea l evel. 

VOLCANIC CONDITIONS IN JULY 

Activity of Halemaumau 

Th er e was no lava activity in Halcma um nu thro ugh out th e month. Th e> 
u sual wall slid es occuncd. Liquid la va Ju ·t npp ,ned in the pit one yea r ago 
this month. r ack m easurements a long t h e11 st rim showed no decisive 
changes. Du e to wet w eather th ere was an increase of steam ing activity on 
July 26 and 27. 

JOURNAL, JULY, 1928 

July 1. Ko sounds in pit, and no changes. Ra .ins have deepened w all color ­
ings. 'rim e is -!:30 p.m., ancl lntc afternoon ligh t cau es poor visibility, but a 
scar on N. wall looks fr e h. 

July 4. Fresh aJJpcaring slide streak shows on -:::f . wall of :Y.Cakaopuhi Crater. 
July 7. At 10 a. m. th ere was considC'l'nble steam rising from H alcmaumau 

fo ll owi ng a night and morning of rain. 
July 9. New gray debris li es between N1 8 . and rTE. taluses. 
July 11. Ko conspi n ous changes. N. w aH i s very reel, ancl one bright sear 

shows. Talus is also reel. A redd ish scm sho1vs on lower clge of NE. sill be­
tween N. ancl NNE. taluses. 

July 16. 9:15 -10 :40 a.m . 'faking photogrnph · of H alemauman inte rior and 
walls, ancl making tra nsit surv\'lys. Quiet all t h e time, with only one or two 
rockfalls ; one at t he SE. center wall, wh cl'e t here is a large fresh ca r. 

July 18. The pit is quiet. Not much white salt , except two al'eas ou S. 
wall. Th ere is also a lack of st aming. One fall of rock heard SW. about 
9:30 a. 111 . 

July 19. Avaland1es from S. eorn c>r making l u t were notecl at 7 and 7 :21 
a . m. 

July 20. An twa lau rhe NE. made cl n t at -! p. m. 
July 21. No clecisiY changes. 'rwo lu ty scar on IE. ,Yall. 
July 25. 9:25-9 :45 a . m. High wind, and no ouncls (] i tinguislrnbl e . 

1Yall is quite reel from "·etting. 
July 26. Steam jets quite ;ietiYC all 0YCr Kilauea rater floor on this cloudy 

:tfternoon. 
July 27. At 9 a. m. steam was Yer~- clcn e from Halemnumau in h eavy mist . 
July 30. M easured crack E . r im at 10 a. m . , ome s light d ifferences fo u11d. 

Point No. 14 has an unusual amount of steam. 
Pit sho ws no cha nges. ·w ind is t oo strong to hem· sounds, if any . 
July 31. Avalan che dus t XW. rose at 3 :05 p. 111. :i\Ien stan ding on ni.t 

r .im are probably chopping rocks. 

SEISMOMETRIC RECORD 

'fh cr e w ere 69 local ea rthqua k es aucl two teleseism recorded on the Observ­
ato1·y seismographs clming the month nclc>d at midnight July 311 1928. Th ese 
and other phenom e1ia nre listed. below. The ti me n eel is Hawaiia n Stanclnnl 
(time meridian i s 157° 30' W. ), which is 10 hours and 30 minutes slower than 
Greenwich 'fime. 

The grenter number of the very feeble local hocks co unted in th e li st makl' 
such minute reco rds that the character of the cli turb:incc is not a.lways ap· 
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parent. omc :ne true <'m·thquakes; others ar<' perhaps the par·ts of grca.tcr 
amplitude of a cont inuous or protraeted t remor, w hich at other times may he 
too feeble to rC't·orcl ; som<' seem to be t!'torcls of ,·ihrations S<'t up hy aYalanches 
in th<' pit of Hal!'maurnau. 

Abbrc,iations used below are as follows : yf, Ycry feeble; f, feeble; s, 
slighr; m. moderate; cl, i nstruments dismantled; fl, felt locally; l:!. , i ndicated 
<listance in m iles ; •, co11ti nuous tremor. 

Local Earthquakes 

Julv 
i' 
" 
3 

4 
5 

6 
7 

9 
10 

11 

12 
H 

2:14 p.m. Yf. 
2 :52 :un. vf. 
6:26 a .m. vf. 
6 :28 n.m. vf. 

12 :28 p.m. Yf. 
S :48 p.m. vf. 
l:08p.m. d. 
4 :14 p .m. Yf. 
6 :21 p.m. vf. 

11 :08 a.m. vf. 
12 :08 a .m. ,f. 

1: 18 a.m. Yf. 
10:22 p.m. ,·t. 
10 :32 p.m. Yi. 

2:32 p .m. ,f. 
12:53 p .m. ,·f. 

3 :29 p.m. Yf. 
3:35 a .m. vf. 

:21 a.m . ..-f. 
1:0 p.m. ,f. 
3 :02 p.m. ,f. 
9:35 a.m . ..-f. 
9 :36 p.m. ,f. 

Teleseisms 

Jul, 9 

.July 
15 
1 
19 

21 
·>•> 

· eP 11 :02 :4'- a .m. 
. Juh- 1 

· P :4i:20 a.m. 

H armonic Tremor 

12:23 p .m. d . 
4:32 a.m. d. 
6:16 a .m. d. 

:46 a .m. ,f. 
1:05 p.m. f . £:,. 1-:i. 
.'i:21 a .m. vf. 

lt:19 p.ru. Yi. 
1:01 p .m. d . 
2:03 p.m. Yi. 
6:52 p.m. ,·f. 
1 :50 p.m. Yf. 
1:3 p.01. Yf. 

:47 p.m. d . 
9:23 a.m. d . 

11:24 a.m. Yf. 
4:43 p .m. vf. 
4 :4 7 p .m. vf. 
5:51 a .111. d . 

:23 a .m. vf. 
:54 a .m. vf. 

11 :01 a.rn . Yf. 
1 :42 p.111. Yf. 

VNy f:tint 1·ecord . 

l e ry fet'blc l'eCOl'<l . 

9 -
- I 

28 

2!) 

30 

8 :24 a .m. Yi. 
10-13 a.m. Yf. 
1 2:08 p.m. ,f. 

5 :08 p.m. vf. 
6 :40 a .m. vf. 

10 :01 a.m. vi'. 
11 :06 a .m. d . 
12 :42 p.m. vf. 

3 :32 p.m. vf. 
8 :20 p .m. vf. 
9 :03 p.m. vf. 
6:51 a.m. vf. 
8 :37 a .m. vf. 

11 :41 p .m. vf. 
!l :20 a.m. Yf. 
9 :45 a.m. Yf. 

12 :30 p.m. vf. 
6 :46 p .m. vf. 
7 :03 p .m. ,f. 
7 :44 p.m. vf. 
8 :27 p.m. vf. 

11 :00 p.m. vf. 
9 :41 ,1.111. vf. 

11 :11 a.m. vf. l:,.l 

'J'hi s type of moYcm!'nt was absent throughou t tho month. 

Mioroseismic M otion 

i\Iicroscisms Wl're normal t hroughou t t ho month. 

Tilting of the Ground 

By weeks this 1110,·ement wns as fol lows, l'xpr·essc<l ns nngular chnnge and 
<l irrction of motion of the plumb line : 

Juno 27-Jul~· 3 0.3 second NE. 
July 4-10 0.3 " :NNW. 
" 11-17 0.4 SE. 

18-24 0.5 SW. 
25-31 0.9 " :XN:P.. 

R. i\f. WI LSON, 
Topogr·:iphie Engineer. 
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All exeh:ing-es, gifts to library, news notes abont Pncific volcnnic anrl 
~rismir events. all(] rorresponrl ence shonlrl hr. ad<lresse<l FJA\VATIAN VOLCANO 
OBSERVATORY, Hawaii ~ational Pnrk, Hawaii. 

'l'h e Observatory is operated by the U. S. Geological Survey, and its work 
is supplemented by the Hawaiian Volcano Research Association. The rn:t in 
station is on the northeast rim of Kila uen Crnter. Suborrlinnte seism ogr:1pl1 
stntions are operntecl by th" 'R esearch Associ:1tiou under the direction of the 
volcanologist in Kona and Hilo. 

The Kilauea stntiou operates horizontal pendulums of th e Boseh-Om ori type 
nnil receives time by wireless from t he Honolulu Naval tation. Observatory 
Lat. 19° 25' 54.3" N.; Long. 155° 15' 39.6" W. ; Elevation cel lar 1214.6 meters 
(3985 feet). 'l'he Hilo and Kona stations operate horizontal pendulums. Their 
seismograms are sent to the Observatory. 

The Haw:iiiau Volcano Research Association founded the Observatory in 
191 1,' tran 1'erring t he plant to the Government in ]919, but continuing coopern· 
tion in e:rperim ental ,York by furnishing funds and appar:i tus and workers ns 
nee<lell by the Government Volcanologist. It is a rorpor:ition uncle•· the Jaws 
of FT:iwaii, go,·erned by a boarcl of directors, and flnamed by the snbsniption s 
nf it,s members and p:itrons. Its aims are irlentiral with those o'f the Observa­
tory, namely, (1) To k eep r ecord of Hawaiian volcanism. (2) To attract vol­
canologic specialists to Hawaii, and (3) '.l'o promote worlc1'1icle knowledge of 
volcanoes an d earthquakes and the foundation of more volcano observatories. 
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.No. , 

Data lwrC'in onsidcred resulted from a test of one of the cisrnog-raJ)h tlc­
signecl ancl ron. tructed at tho Hawn ii an Volcano Observato1·.v. The in. tru­
rnents thnt have been constructed to elate h tffC' been placed as fol lows: Kodiak, 
Alaska . August, 1927. Hilo, H awaii, Septembe1·, 1927. To U. S. Coa t anrl 
Geodetic Survey, Decernber, 1927, fo r te t in its laboratory at heltenham, Md. 
'l.'hc fourth was establishecl in Kealakekua, Hawaii, in J une, 192 , and is the 
particular instrument w hi cl1 ,ms subjected to the test herein de c1· ibeil. The 
fifth was sent in July, 1928, to Lassen Volcano Obsen-atory, MinC'ral, alifor­
nia. A sixth instrument was shipped jn August to Dutc h Hal'hor, Alaska. 
'J'hcse instruments ar e the a.me in ge11eral design, though some mall details 
hnYc been chnngcd f l'om time to ti me. 

The test undertaken was not ompletc, ii1asm uch as the in trument was 
adjusted throughou t the test to the same period nnd the sa me value of rlnm)J· 
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ing ratio. The 'trial was made on a specially con tructecl os ··illatiug table. Mo­
tions delivered to t h instrument were variecl between amp litudes of 0.171 
mm. and 0.0103 mm., at periods from about 0.3 second to a little over 10 
seconds. A morn compl tc test would involve a wider range of amplitudes anrl 
periods in the motion of the table, applied to the instrument adjusted to various 
values of natural p eriod and damping. But it wa desired in this test to dis­
cover how the instrument woulcl behave under conditions 0£ adj ustment similar 
to t hose planned for its use. Th us the pendulu m period ancl clamping ratio 
were taken at the approximate values selected fer future normal operatio11. Th e 
artificia l earthquakes applied by t he oscillating table were primarily intendec1 
to imitate local shock ; the range 0£ motion implied by tele cisms being not 
so important in the present consideration . 

T h e seismograph itself has been briefly de cribed already in this publica­
tion (Vol. XV, No. 11, Nov., 1927). It is orc1inarily of two components, but 
in this test one component only was used. The 70-kilogram inertia ma c are 
27-inch lengths of eight-inch pipe filled with sancl, suspended with their axes 
upright. Su pension is by means 0£ short piano wire links, which l1ave a clear 
length for flexure of about one-ha!£ inch. The inertia ma es operate as hori­
zontal penclnlums. The math ematical length from the hinge line, or a.'l.is of 
rotation, 'to the center of oscillation is 25.7 cm. This Yalue ,,a determined 
both by computation from the dim nsions of the 1iarts, ancl by noting the change 
of period with changes of the angle of inclination 0£ the axis 0£ rotation. The 
length from the axis to the pivot at the encl of the boom i 126.2 cm. The 
shor t a ncl long arms of t he pen lever m·c 0.839 cm. ancl 22.24 cm. These ngures 
give a computed static magnification of 130. The pen le,er is of tubular alu ­
minum, counterbalanced so that the center of gravity i at its pi,ot staff. The 
eo1U1ecting link between the boom anc1 the short arm 0£ the lever is 1 ½ inches 
long, carrying inverted cups a't each encl which fit over the up-pointing pivots 
on the boom an l lever. The recording stylus is a. fine steel needle partly coun­
terbalanced on its axis so that only part of its weight re t by gravity on the 
mokecl paper. Oil clamping is used, the vanes which dip in the oil being fast ­

ened near the on'ter encl of the boom. Both component , when both are u sed, 
record on the ame drum, which is 30.5 cm. wicle and 2 .7 cm. in diameter. 
The paper speed is 30 mm. per m inute nacl the instrument will run 24 h ours 
without attention. 

The oscillating table u eel for the test is of massive concrete, weighing about 
00 pounds, mount.eel upon two long steel rollers 1 7 / 16 inche in diameter (see 

Fig. 30). It carries both the pendulum and th recording mechanism of t he 
seismograph (fig. 31). Acceleration applied were small enough so t hat t h e 
xciting forces could be applied through these roller without slipping. Levers 

were attached to 'the rollers ancl were operatcc1 by a link counectfon to an -ad­
justable crank held in the chuck 0£ a nearby lathe. Amplitude of motion was 
governed by varying the radius of tl1e crank, and the cle irecl range 0£ peri cl 
was obtained by changing the lathe speed. Amplitude 0£ motion of the table 
waa computed from the motion observed at the lathe by applying t he reclue­
ing factor of the lever ancl roller system. 

T he running 0£ machinery in the shop caused slight vibration, which wou ld 
not likely be pm eut in an or dinary seismograph cellar. It appears occasional­
ly on the test seismograms as an almost microscopic rapicl tremor. Its effect 
in the tests was probably to reduce by jarring the solid friction present in the 
instrumeut. The shop machinery was not running when the decay cu rves were 
macle, from which the amount of solic1 friction was computed. A test was 
macle to see ho";- much 'tilt was prnsent as au accon;ipauiment of the ·iclewise 
motion of the table; that is, to see ho"T pure was the motion of the table. 
T his was clone with the seismograph set up ancl recording; t he table was dis­
placed fi.rs't to one side, m1cl then to the other, ancl the position of the recording 
pen was noted after it l1ad come to r est in each position. Th e range of pen 
:movement clue to t ilt wa thus founcl to be 16 mm., for a range of table clis-
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placement of more than 4 times 'the greatest 1·ange 0£ h:ll'moni · oscillations used 
in the tests. The direct ion of this tilting was such as to reduce the recorclocl 
amplitudes of the harmonic oscillations. But 'tilting aets slowly, and this source 
of error would not affect the results obtained iu the short-period tests. In the 
tests using longer pe1·iocls 'this eorreetio n might perhaps be applied, though in 
preparing tho i·esnlts herein given it ha been thought slight enough 'to negleet . 

The instrument was set up, adjusted approxinrntely to tho desired natural 
lJeriod, and was :i.llowed to wTHe cleeay curves first as damped in the tests and 
then with oil damping remov ed, all with the table held stationa1·y. The analy­
sis of th ese curves to determine solid friction, viscous clamping, and perio 1 was 
th n undertaken. '1.'h e period to which 'the instrument was adjusted throughout 
tho t1c1sts was 7.6 _seconds (To in Figure 32). Solid friction was apparently rather 
large and somewhat irregular in its action. In the decay curves made without 
thte oil damping the value 0£ 'r', denoting the amount of solid friction._ is 
3.4 mm.; yet after being disturbed the pen always returned quickly to within 
mueh eloser proximity of its null point than 'that value for friction would 
imply. After applying the oil damping :incl allowing for solid fri ction as 
:tbovc, th e dam1~ing ratio duo to the oil as computed from th e clamped decay 
enrves is 1.8. Even with friction thus allowed for, the ratio eemed to vary 
from 1.5 for the larger amplitudes 'to 2. for the smaller ones. Counting fric­
tion ancl oil clmnping together a total clamping effeet the value for the larger 
amplitudes was about 2, while £or the smalle1· amplitudes 5 seemed the more 
proper value. The irregular action 0£ the solid frietion, and th e ehanging 
amounts 0£ power available to overcome it a amplitudes changed, is probably 
the cause of the uncertainties that appear in computing this clamping ratio. 

Reproductions of parts of the test seismograms are given in Figs. 33 and 
34. A co mplete table of the individual te ts is not given, although the separate 
1·esult 0£ each is plotted on th e magnification diagram (Fig. 32). An abridged 
table, lwwever, is given fo r the incliviclual tests which appear in Fig . 33 and 
34, so that the condi-tions under which the e te ts were mncle ca,n be cou­
siclere<l in eonucctiou ·with the resulting record. 'fhe six columns of the table 
have the following meanings: Test number, tnble nmpli'tucle, trace amplitucle, 
period, apparent .magnification, ma _· imum acceleration of the b:umonie motion 
of table. The tests numbered 67 to 69, inclusive, were macle with the maximum 
:1.1nplitucle of the series, 'the periocls being purpo ely taken 11 ear t he propei· 
period of the seismograph in order to study the effect of resonance. 

'l'est a A T M ~fax. Acee!. 
No. mm. mm. mm. sec. sec. 

9 0.099 12.2 2.51 123 0.622 
10 0.09!) 11.5 1.43 116 1.91 
11 0.099 13.5 3.86 136 0.266 
16 0.062 8.3 0.50 134 9.80 
29 0.062 2.1 8.88 34 0.031 
30 0.062 3.5 .01 57 0.03 
31 0.062 3.0 .65 4 0.033 
33 0.062 2.0 10.15 32 0.024 
66 0.171 12.0 10.16 70 0.065 
67 0.171 23.5 8.50 137 0.093 
6 0.171 38.0 6.71 222 0.150 
69 0.171 39.0 6.10 22 0.1 1 

To show the variation of magnifi cn tion with period, point have been p.lot­
tec1 for each of 'the individual te ts in Fig. 32. An averaged curve joining 
these points would be the practieal approach toward tho theoretical magnifica­
tion eurve given by Wiechert and others. The simple theoretical formula is a 
function of static map-nification, lamping ratio, and ratio of impressed period 
to the proper period of the instrument. In its simple and usable form, it does 
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not take accoun t of th e al ways u ncertain solid fr ictio n. 'l'h :q parent effect 
of solid fr .irtion p rcscn t in t he e tests seems to ma ke sep arate magnification 
nnves w ith cl iffenln t a mplit ud es. This is p r esuwab ly because t he urn.li er :Hnpl i­
t udc i mp]~,, fo r t he same period, small er a e.cele rations, o t hat a greater 
proportion of the smnll er for ces a va ilab le m u t be used in overcoming t he on­
Rtan t solicl friet ion in the small amp li tude motions t han in t hose of laxge ampli­
tu de . Thi appli es p articula r ly t o th e mot ions of longer period, w here t he 
al>ce le.i-ati ons al'(l light any"' ny. For t he short per iocls, whc1· . thc1·e are u sually 
a m1 le forces a v:1i la blc to overcom e frict ion, the magnificat ion is appa r en tly t he 
a me reg::nd less of a mpli t ud e, :is i n t he t heor etical fo rm ula. T he magni ficatio n 

ru1·vc. h e re shown hn ve been dra,Yn t hrou gh two sets of points only; t he sets 
representing t he t wo lnrgcr a mp lit ucles used in t he tests. T he resu lts from t h e 
tests using smaller a mpl it udes :u e somcw h:it trn certain on accou nt of t he c1 iffi­
(·u lt_v in maki ng t h e fine m ca ur emen ts nrcu rntely, hut it ,1·il l be noticed iu 
general that the sm:i l lcr the nrnpli tudo t h e mail e r i the magn ification for any 
given periocl . 

Anothc1· <l cp;idu re of tl ,csc ru n · s in Fig. 32 from tho thcor tical m;ignifi a ­
hon curve ·is t he sharp u p11·ar il trc 11<l 11·h en the JJeriocl is dimu1ishecl to l ess 
h:1n on e . ceonil. 'l'h is is p1·o !J:1bly a r ·u lt of the design of t he instn 111Jc11t. 

\V ith short p <' r io,ls, ac-,•elrr:it ions hecomc great. Th e fon•cs transmitted t h ro ugh 
the l ,00111 :1ncl ronnccti ng l ink to t he pen lrY er intrea · in 1n portion to t h ese 
aerelc rations. '!'h e co nnecti ng l ink w it h its in,·rrtecl conira l cup, .i not capable 
of t r:111s111 itt in g large fo rct•s , Hnfl is t hrown off , or part!_,, tlnow 11 off, when these 
fo rces become too lni'ge. T he upw:11·cl trend , t-hcrcfore, prnbal ly represents 
t hat po in t where t he co nn ecti ng li nk beg- ins to lcaYC it scat upon t he pivots 
with incrcnsc of :1cce lc rn tio11. '!'h e weight and moment of in r t ia of t he p en 
arm ta lw n iii r on;jun c-t ion with t he forcC' w.hich can be transmitted through 
t he ton 11<'rting li nk t h us l im it. the ac-r oler ation · which t he instrument can 
recol'fl . T his imp ropn in rre:,se of magnificati on clue to the un ·enti.ng of the 
connrct.ing l ink rlue.· not get serious until p<.'riods nr rcclnc-ecl to less t han on,<.1-
hnlf . <.'ronrl. '!'hr l rn ,i n n t h<.'n 1,rgins to sl:ip hack ,mil fo r th out of con tro l, 
nn<l t h e c-o nn ect.ii1g link i · tl1row11 off. The few tests made at p oriocls shorter 
than one-ha lf 'CC'Ollcl were obtainNl hy weighting the co1111c ·ting link so t hat it 
,·o tilil not so rasil_,. lw di lo<lgccl . 

lt 1Yo u lcl appear from the parts of these ,0 u 1Tes wh ich represe nt periods 
h et "' ec1t 1 a nd 4 seron(l , with in which range they m ust most 11carly eonform 
with thC' 1;hrorctic·nl rurvc, that the stntic nmg nific'1t,ion shou ld be abou t 113. 
This va lue i . mn ller than the valu e computecl from t h e dimensi ons of the 
inst ru ment. T he lo · of nwgnificat ion may per haps iJ due to absorption of 
motion i n t he wire li nks which suspenrl the heavy mnsse . 'l'hese wire li nks 
ma.y yory ca ily ~- i cl<l slightly in n clirf;'rtion pe rpenclicular to t hci1· lengths, 
:rnrl so pr •vent a ll of t h e iri1pre . crl motio n fro m rcnching the pel'ldulu m itself . 
:M.orc p art.ir ulnrl y wo ul d this ho cxpectcrl for , hort periods " ·he1\ the force. 
wh ich mu. t he ti-n n mi.ttNl hy t.heso wires 11.rc cor respondi ngly groat. 

VOLCAN IC CON DITIONS IN AUGUST 

Act ivity of H alemaumau 

T hero ,n1s 110 ,- is ihle lnva activity du ring Aug ust, b u t sl ide. w er e SODtewhat 
r,revn.l en t dm-ing the last half of th e month. Few slicles occu rred du ri ng the 
fast lrnlf . 

. On t h e eveni ng of August 1 the re were n um c1·ous hig nvalanches 0 11 the 
no r.t h "·al l, culm.inat ing in a laud lip at 10 :47 p . m . t hnt rnacle a perceptible 
trem or at t he a u to mobil e pa1·k ing pace 3,000 feet away, and recorded trongl:; 
on t h s i.smographs n.t U w ek ahuna Observator y a n cl t he ·main observatory ( ee 
Volca n o L·etter r o. 191, August 23, 1928) . On t h is evening t h er e was a la rge 
~J:i:nrd at th e ed.ge of the p i t to v ie"· a pagean t -presented i n con j u nction with 
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FIGURE :lO. Osei ll;1ti11g talile. with eis111ogr:1ph n1o u ntc(l u pon it. I n t h e 
ba<:kgro u nd is the lathe c·h uek rh:1t o. ti ll:ite it. 



FIG RE 31. 11c ·onli ng sy ·tern of ·cisrnograph. 
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the Cook Sesquicen tennial. Th e rum bling av al anches and dust fi ll ed a ir made 
weird acco mpa niment to t h C' exe rcise . 

L arge slides occ urr d nearly every day fo r t he r est of the month. An 
C'Xamination of t he area of actiYc :n·alanching howecl that t he cracked grn ui1tl 
fo rn1erly back of t h nor th Tim hacl all gone in a ncl that. small ne"' crac k 
w ere nu mer ous for several fret l>aek. Much heat and steam were escaping 
fro 111 t hese er:ick . T he w ho! p it interior w:is t hickly roated w it h dust fr om 
th e lide ·, a nd o \\':JS mueh of the Kilauea floor i n t he v icinity. 

'l' he ca use of this ,walanching i not kn own, b u t it is suspected that th e 
sli :lcs su ·ceecled a fall of t he invisible Ja:-a column after t he summ er solst ice. 
Th crn wer e simil::tr spells of m·alanr hing in July, 1927, fo ll owing t he cessation 
of ln\'a act ivity in the J i t, anrl in January, 1928, wh en a hea vy landslip fr om 
the nor t h\\'est w nl l ~queez cl up r mnnn t liquid lava by cru tal p ressure. 

JOURNAL, AUGUST, 1928 

August 1. o cha nge·, except. N . wall has fresh sm fociugs. I o ounds ex-
cep t one or t \\'O fn in t noises of stones slj(ling (9 :30 a. m. ) . Saw fresh cra cks 
by S. station. 

Th er e ar c still n um erous p ntche of t he buff colored 1924 a h on th e S. 
crater fl oor . 

August 4. At 10 a. 111 . a ve1T few light sli des he:ird occa ioually. No note­
worthy cha nges, however. 

August 5. No changes seen. 
August 6. No'thing new seen at 9 :40 a. m . .A.t 12 :30 p. 111. t her e w as dus t 

NE . from an avalanche. 
August 8. On e or t ,Yo slide oecul'l'cd at X. eorner at 10 a . m. At 10:1:'i 

th ere was a noi s_y av::il:rnehe N . making du t. At 2 :-1-1 :30 p . m. an avalanche 
on tho NE . wall ra uscc1 dust to hang in thr air for t hree minutes. 

August 9. foch cl u.t N. nt 2 :40 p . m. 
August 11. rew cleln-is lie atop . t:ilu . Almo t no team activity in 

H alemaum au. Thi n dust nt 'l's. eorner at 3 :15 p. m. 
August 13. All , t ill nt 9:50 a . m.: 110 c-hangcs. Bur ie<l ho:n cl s of a cl e­

str oy ccl st rnc-tm c still in place at E . rim . 
August 15. A. smnll sli1lc fell from )-Ji.: . rim at D:15 a . m. ~o changes 

notecl Thin du t ro e X. at 1 :40 p . rn . 
August 18. At 9:50 a. m. n few roc-k fell 1T. Tha t , rnll an cl talus ha\' e th e 

apJ earance of hnYing had man:· mall slides. J u t now a lig ht fall of stones 
NE. Two large howlcler la:· hala nced on north end of th e big sill , close to­
gether. R emarknhlc that they tay in uch a pr eernious po sition. 

Th e pageant to Pele present ,a l y t he side of H a lcmaumau in connection 
wi t h t he Cook esquiccntennia l, fro m 9 :30 t o 11 p. m., was a cco mpanied by 
almo t con taut n\'alanch ing from the nor t h wall. 

August 19. At :50 a. m. t her e w,1s n b ig cloud of avalan che clust. R epor t 
of other occurring abou t 6 :30. At 9 :20 a . m. clust w a co nt inu ous. Air very 
du~ty at pit at 12 noon. ~- wnll worki ng s teadily, ancl i coatecl gray (usually 
red) from high sli<le . 

Walkecl to NNE. ri m. The gray dehris is from N . rim. Red cl ebr is !ides 
down niche at Pncl of sill . Appear s ns t hough t he leclge N . t he origin of all 
present activity. Du t, c,·cr}'1'·h er e. 

August 20. At a . m. r eel cl ust r os N . an cl clr.i ftecl E . 
Park Ranger at pit at 10 a. 111., r epor ts perceptible avala nche t r emor occur­

ring at J0 :29 :42 a . m. ~oted fresh mfa ce cracks 75· feet from N. rim. 
Another si zable a valanche orc urr<'d at Jl: J 0:45 a . 111., an cl mall slid es were 
nlm ost con ta u t. 

August 21. All quiet at 9 :50 a. m. On e small sli de N . 
On N . id f pi t a ll of crnekecl a rea has gone in exce1it a small section, 

\\'hieh appears 1·C'ac1y to fo ll. Many new cracks. Some emitting st eam; oth ers 
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are not stemuing, l)u t t ho rocks arc Ycry hot-fir t noticed heat through canvas 
shoes. 

August 23. At 3 :40 p. 111. salmon color ed clust was r ising N. rath er steadily . 
Dust from slicles al o noticecl t hi morning. 

August 24. At 10:15 a. m. there was a very la rge, red dust cloud from r . 
mill. At 11 a. m., at the pit, slides . were more or less constant. At 12 :10 
p. m. there was mor e :ivalanche dust. Dust at intervals during t he afternoon 
showed that · N . wall wa quite restless. 

A ugust 29. From 9:00 to 9 :15 a . m. the pit was quiet, b ut very dusty. One 
or two slicles were heard on N . wall . Streak of a bowlder was seen down S. 
tnl us. Hardly any steam; mo t conspicuo us SSE. 

A little gray ·dust N. w as seen yesterday morning from the Observatory . 
August 30. 1:10 p. m. Thin dust fills NW. half of pit. Some also seen this 

morning. Tl1 in dust NW. seen a t var iou t imes all the afternoon . 
A ugust 31. P it quiet at 9 :45 a. rn . Much new debris streaks the N. talus. 

One slicl e N . at 10 :15 a. rn. m,aking gra.y dust ju t as seen yesterday. Joti ce_d 
chlor in e odor NNE. r _ rim cracks may ha,,e wiclened bu't am not sure. They 
::ue v ry fr esh looking. Sl ide N. a t 11: 07 a . m.; at 11 :12 another. 

D ust from a n avalan ch e seen at 4 :20 p . rn ., and also one previously. D ust 
seen also at 5:45 p. m . 

SEISMOMETRIC RECORD 

'rhere were 46 local earthquak es a ncl t wo teleseisms recorded on t he Ob ­
servatory seismographs during th month e11ded at midnight. August 31, 1928. 
Th ese and other phenomena are listed below. T he time usecl is Hawaiian 
Standard (time meridian. is 157 ° 30' Vi'.), wh ich is 10 hours and 30 min~tes 
slower than Gr.eenwich Time. 

'!'he greate1· number of the very feeble local h ocks coun'ted in the li t 
make such minute r ecords thnt t he character of t-110 clisturbance is not a lways 
appa rent. Som a1·e t rue carthqu:i kes ; others are 1rnrhaps the parts of grea'ter 
amplitu l e of a tontinuou. or protracted tremor , w hi h at other times may be 
too feeble to r eeoi-cl; some sPcm to be r ee.orcls of vi brations set up by avalan.clrns 
in the pit of Halemaumau. 

Abbreviations used below ate n follows : vf, very feeble · f, feeble; s, 
slight; m, moc1erate; cl, instruments dismantled; fl, felt locally; /:::, 1 in clica'ted 
d i tance in miles; *, continuous tremor. 

Local E art hquak es 

August 
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2 9 :16 p.n, . vf. 
3 :10 a .rn. vf. 

3 :47 p.m. vf. 
4 2:14 p.m, Yf. 

3 :40 p.m. vf. 
5 :25 p.m. vf. 

5 1:11 a .m. vf. 
6 :OG a .m. vf. 

6 1 :36 a.m . vf. 
7 10 :30 a.m. vf. 

11 :24 a .m. vf. 
7 :50 p.m. f. fl. 6. 16 

8 9:17a.m.vf. 
] 0 :50 :i.m . vf. 
10:59 a.m. Yf . 

August 

12:05-12:07 p.m . Yf. 
] 2 :3:i p.m. vf. 

1 :56 p.m. vf. 
2 :27 p.m. vf. 
3:17p.m. Yf. 
4 :0Z p .m. vf. 

9 12: 13 a.m. Yf. 
10 2 :-!0 a.111 . yf_ 
11 12 :51 p .m. vf. 

1 :33 p.m. vf. 
12 12 :22p.m. Yf. 
17 10 :55 a .m. v f. 

4:40 p.lll. Yf. 
18 0:41 p .111. v.f. 

10 :30 p.m. vf. 
10:31 p .m. vf. 

Augu t 

* 1 10 :32 p .m. vf. 
10:47 p.m. f. 

21 l:l0p.m. vf. 
22 5 :21 a.m . ,, f. 

4:04 p.m. vf. 
24 2 :40 a.m. v f. 

10 :10 a.m . ,-f. 
3 :54 p.m. vf. 

25 11 :07 a .m. vf. 
26 1:04 p.m. vf. 
28 1 :51 p.m . vf. 

3 :07 p.m. Yf. 
30 11 :0-!p.m.f. 6.14. 
31 12:26 ll.111. Yf. 

9 :04 p.m. vf. 



Teleseisms 

August 4 
iP 

August 24 
eP . . . 
L 

:05:4:! :i .m. 

11 :23 :00 a.m. 
11:29 :13 ' 
11:30:25 
11:34 :20 

Harmonic Tremor 

Ycry feeble reco rd. 

Di . t:ince 2,800 m ile .. 

. Thi type of mo,emen t w~1 · absent t hroughout th e month. 

Microseismic Motion 

).ficro eism were no rmal throughout the month . 

Tilting of the ·Ground 

By weeks this mov ement was as folJ011·s , expres eel as angul ar change ana 
direction. of motion of th e plumb line : 

August 1-7 0.2 
(( -14 0.4 

15-21 0.0 
(( 22-28 0.9 ,, 

29-Sept. 4 0.3 

second N"\V". 
'' N. 

(( 

(( 

N W. 
E. 

R. M . WILSO , 
Topographic Engincr r. 
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Black spot shows location of Observatory. 

Sc~/c , ... 

All excll nugcs, g ifts to library, news notes about Pacific volcanic a nd 
~C' ismir eve nt.s, and correspondence should he :.idclrcssed HAWAIIAN VOLCANO 
OBSERVATORY, Iluwaii National Park, Hawaii. 

~·he Observatory is operated by the U. S. Geological Survey, and its wo rk 
is supplemented by the Bawn.iia.n Vol cano Research Associntion . Tl1e nm in 
st:.i.tion is 011 the northeast rim of Kiln.uea Crater. Subol'Clinate seismogr:1ph 
st.atio 11 s inc ope1·nted by the Research Association under the direction of the 
volcanologist in Kona and Hilo. 

The Kilauea station operates horizontal pendulums of the Bosch-O111ori type 
:rnrl rer.cives t ime by wirnless from the Honolulu 'aval tation. Observatory 
Lat. 19° 25' 54.3" N . ; Long. 155° 151 39 .6" 'iV.; Elevation ellar ]214.6 meters 
(3985 feet) . The Hilo a.nd Kana station operate horizontal pcn clu lums. Their 
~cismogrnms are sent to the Observatory . 

'.!'he Ilawaii:111 Volcano Research .A.s ociatfon founded the Obser vatory in 
l!)J J, transfe l'l' ing the plant to the Governmen t in JDl!J, but co11ti1111i 11 g coopcrn ­
tio11 in experimental wor1, by fnrni hing fu .nds mid appa1·atus :incl wol'kCrs ns 
nPNlccl by the. Go,·e rnme11 t Volcanologist. It is a corporation mule,. tbe Jaws 
or H:1wni i governed by a board of c1irectors, and financed by the subscrip t ions 
n f its mPmhers anrl pntl'0ns. Its aims n1·e identica l "·ith those nf the Ohsc1· vn ­
tory, '!lamely, ( 1) To keep recm·d of Ilawaiiau volea11ism, (2) 'I'o attrnct vol­
canologic specialists to Hawaii, and (3 ) To promote worlclwiclc htowledge of 
volcanoes and ear th quakes and tho foundation o:f more volcano observatories. 
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MAGNETISM OF CINDER CONE LAV A FLOWS, 
LASSEN VOLCANIC NATIONAL PARK 

By Austin E . Jones 

In 1927, while assi ting R. H . Fi11ch at Las cu ~olcano and vicinity, in 
California, t he writer made a trip into the Cinder Cone ¼va bed with t hll object 
of applying Chc\'a llier 's magnet ic method to th 111 so as to determine their age. 
'l'h e trip -was a success in that t he compass hawed differences of magnetic 
declination in the various flows. As 'the trip was a three-clay baek-pacldng 
affair 110 Teally accurate work w as accomplished, lJeyond showing that actual 
magnetic differenees ex ist, ancl that t he flows might be very roughly da_tecl 
from the fin lings. 
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The argum nt i that lava in. solidifyi ng 1· tains the magn tic oricntnti on of 
its iron oxide. . M. Chevallicr ( Ann ales :I Physiqu , July-August, l!l2- ), de· 
cribc his method of ma king a study of the magn tie de lination of , icily 

from nbout the year 1,000 A. D. to the pre ent. H u eel the dated hi torical 
lava flo1rs in th Mt. Etnn region ;;incl found consistent differ nee of magneti · 
d eclhrn tion of the rock in place. H e also found that the clccliuation of t ho 
compa · hacl vMied from 1 ° we t through trne nor th to 1 • ca t for clifferent 
el a te , and back again (Fig. 37) . 

Magn etic ol scn·ations taken over a period of year any,1·h re on tho ea rt h 
show a ·low continuous ·h ange of th compass needle. h v::tl lier 's ob r vations 
are ,,a luabl e in that th y how that thi change i I eriocli<', 1·c1 eating itself 
in about 720 years (Fig. 37). 

Such observations h:ive been k pt in Londo11 for 300 year a nd agr e with 
Chovalli er's obs rvation in being p riocli c in chara •tr ancl taking about t h 
same number of ce nturi e for a complete change. 'J'hc clifferenre are : 

1. The total change in declination i greater for London, being 35° _for 
a parti nl period while th Mt. Etnn total change i 36° . 

2. 'J'h e Louclon cmve clocs not ha,·e zrro degrees a its axi of _ym metry, 
whil th Mt. Etna curv does. 

;!, Th e peak and vall y of the two curves do not agree in the decacles. 
R ecltling, C:ili fornfa i the near t magn ti · tation of th Coa t un-ey 

to Lass n National Pa1·k. Th 111 0 t ncc urate mathematical analy i of t h0

0 

Redding alifornin, curve give. a maximum cleclirn1t.io11 of nbout· N. 21' E., 
while a less accurate on g-ivPs a maximum of abo ut )l 27 ° E. both having 
an axi of ymm try about • - . 15 .. 3° E. antl l oth cro ing thi within rcn onabl 
limits of 1 10 A. D. Th e formula is: 

Declinati on to E.=15.6+ll.57 in ( clate-;l lO ) 

If cl •llnation .-alues nre fon11cl in this r gion whi ch are g1·eater than N . 27° 
E . 01· 1 s than J. 4° E .. t hi s curve woul I not appl,v. in ee the greatest de-
clination was l s than :r. 24' E., the oli cl line kctch ecl in ns approximat 
curves will giv'C ,·alue ;1 clo e a it i po i1 le to give them at pre ent (Fig . 
37 and 3 ) . 

The numl e1· · on to ven (u c1 in Fig . 35 to 3 and in th tahl ) 1·e£re-
. ent t he locations of t hr tes ts mn<le, on bri ng 011 t he top flow and seven 
being the lowe ·t flo"·-

Th e short curve for iuclcr 011c i plotted from 1lata publish cl h;v the 
S. Coast and Geodetic urvey and i accurate. From t he data fmni heel by 
loca tion one in the table we fi11cl that it corr po nd to t he rl ate of 1 46. This 
elate i of con iclerablc interest a Dr. Harkne s publi h eel h1 the a lifornitt 
Academy of ci 11 ·e proceeding in 1 i-! a note tating that th re wa a tivity 
at Ci ncl r Cone in 1 51. 

Th meth od of ta king the data i a fo ll ws: A location is ohos 11 whi ch 
seems I ast u nd r the 111flnence of the oth 1· f1ows. A line, who e trn heal'ing 
i known, either from w1 or north tar obs rvations, is markecl . A.long t his 
line at inter,al the compa i r ad giving the declination of the und erlying 
la va . The reason for a number of reading· at hor t interval of fh- or ix 
feet is that a n nverag of read ings should compensate for both the lo •al at­
traction of mall magn etic pocket a ud for ' rrors ca used by shi fted l lock of 
l::ixa. 'fh declination values of locations 011 c to e" en were founcl llr uch 
a methocl a11cl th e a verage are t:1hulatPcl w it h t he num ber of reading· from 
which th aYc1·:ig ,rn . 1et rm inecl, nnc1 wh 0 t h r t ho readi ngs we1· e m:iclc by tho 
transit ompass or the Bruntoi1 po ket com pn s. 

In locati ng the year co n espo ncling to the cleelin:ition th top flow wa 
taken first (Fig. 37) . On i located just before 1 50. Th e only other value 
it coulcl have (Fig. 3 ) a r e 1440, 1100, 715, or 390 A. D . Th cs lntter da.tes aro 
rul ed out, for thi$ flow is so fr esh that B O tr cs grow on it. 
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Locating the clcclinntion value of position two in Figure 38 we find its age 
<'Orresponcls to 1800 A. D. ~'his differnnce in declination may be real or caused 
by errors or by tho i nfluence of nearbr lani fiows whoso declination is less 
than N. 15° E . Tl10 snme may be said of numbers four nnd fi.ve. In tliis 
manner tho different flows arc located as closely as is possible on the variation 
curve of Figure 3 , considcriug their geologic position in Figure 36. Tho fol­
lowing is a tabulation of these values: 

TABLE OF DECLIN ATION VALUES OBSERVED ON CINDER CON E 
LAVA FLOWS 

Map Number of Corresponding 
Location Obsnvntions Declination Dato Remarks 

1 4t 13c N . 16.7 E. 1846 Youngest flow, frosh b lack 
surface. 

2 t N'. 15 .0 E. 1 00 May be same as above. 
3 5t K. 22.5 E . 1350 Insufficient data, probably 

more than one flow. 
4 Ht - 18.8 E . 1130 Sand covered flow. 
5 10c N . 17 .9 E. 1120 Probably same as above. 
G l0t K . 21.6 R 650 NC'xt to bottom flow. 
7 St N . 23.8 E . GOO 500 Bottom flow. 

t=trn nsi t; c.-Bnrn ton compass. 

VOLCAN IC CON DITIONS IN SEPTEMBER 

A ctivity of H alemaumau 
There were slight cha nges in wall and bottom conditions d uring the month. 

An accumulation of white salt coatings was noticed on Sep'tembor 15. T hesll 
were washoc1 away by 1·ains of the next few clays. Tho heavy dust coatings 
on tho walls anc1 floor, caused by the avalanches of August 18, wore partly 
washed away. Rim c1·ack measurements showed no noto\\'Orthy changes. 

'rho single component seismograph formerly at Koalakekua, on the wost 
siclc of the island, was installecl on the Kilauea crater floor in order to study 
seismic condi tions nca1· Ralemaumau as compared with registrations at tho main 
obscrvato1·y on t he northeast rim of Kilauea, a ucl at the Uwokahuna Observa­
tory, on tho northwest rim. 

JOURNA L, SEP TEMBER, 1928 

September 5. New debris shows on N. talus in con trast to dust coatings 
elsewhere. A small l'Ockfall N . j ust no"· (9 :25 a.m. ) . Scattered new salt coat ­
ings on N . wall. No other changes. 

P rop am tions begm1 on this clay for installation of t ho old K on a seismo-
graph on tho crate,· floor about 450 feet back from t ho SE. r im of Ralemaumau. 

September 6. Avalanche dust seen NW. at 8 :30 a.111. 
September 10. Measurecl E. cn tcks at 10 :15 a.m. 
N . wall quiet. Reel surface is clear of dust and salts, pl'Obably washed by 

recent rains. NNE. wnll has prominent rills not heretofore noticed; appear to 
be effect of recent erosion. 

One small slide broke from niche just over sill and above N. talus peak a t 
10 :48 a .111. 

Sept ember 12. 10:10 a. m. Light rain ancl moderate NE. wind . No changes 
seen. Rainbow across pit bottom. 

September 13. Dust rose from N. corner of pit at 4:30 p. m. 
Sept ember 15. There a re fresh coatings of white salts on t he pit walls, t he 

most prominent b eing on tho reddish N . "·nll. N . talus is speckled with new 
white and red debris. 
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YeUo\\' staincil areas of pit floo r arc again ·!towing, as du ·t coat iD gs be• 
come wa h d awn:'\·· 

September 17. At 9 :45 a. m. all was Yery quiet and till nt Hal maumau. 
N. wall still has , cry conspicuou oatings of white salts. 

l:le:11·cl p eul i:11· wlLirring oun cl accompanying a v ery light fal l S,V. at 9:55 
n.m. Mu t be ·hoing of a licl iusicle tunnels. A. light fall of ston N. at 
10:05 a.Ill , 

An av:ilnnch nt 12 :45 p. m. macle considerable roar. (F .rom Halemaumau 
cismograJ h station .) 

September 19. A light tcady rain at Halcmaumau, aucl s team ,cut are a ll 
mildly active. White salts of K. wall h:we g9nc. Dry cracks 011 the pit floor 
must be v<'1·y hot. Reel a ncl gray wall colorings are Ycry conspicuous. 

September 26. 1~0 changes noted at 10:30 a.m. :ind conditions all v ery 
qui t . 

SEISMOMETRIC RECORD 

'lhcr e were local earthquakes and two t le ei m recorded on 'the Ob· 
s l'Yatory seism ograph during the month endccl at miclnigl1t cptembcr 30. 
192 . Th ancl other 1 h nomcnn are Ji ·tccl b low. The t ime u. cl i Il:rn·aiian 

t:mclanl (time meridian is 157 ° 30' W. ) , which i 10 hours aud 30 miuute. 
s low er than Grccnll'ich Time. 

'l'he greater number of the v ery feeble local shock cou.nted in th e list make 
such minut record t hat the character of t h di t urbnncc is 11ot a lways ap• 
1m1·cnt. omc ar true !'a rthquak s· oth rs ar l erhap the part of great •r 
amplitud e of a ontinuous or protrnctccl tremor, w hich a other tim s may b, 
I oo fue hh• to r onl · om eem to be r e ords of ,•i!Jration · ct u11 by avalunc·h 
i11 t he pit of Ralcmuu111 au. 

AIJbre,·intions u eel b elow are as follows: Yf. -ren· feeble · £, fc ble ; .. 
s light; 111 modera t e · cl, ins trum ent cli mautl cl ; fl. ·cit loea ll~ .. 6, fo clieat1; I 
distance in miles· *, continuous tremo1·s. 

Local E arthquakes 

, eptember 
1 5:55 a .m. vf. 
4 :57 a.m. , ,f. 

11:21 a .Ill . Yf . 
8:31 p.rn. vf. 6 2- . 

5 12:01 p.m. Yf . 
Ci 1:01 p.m. ,·f. 

:5 p.m. Yf. 
7 1:331.m. vf. 

l:5.J.p.111. Yf, 
3 :30 p.m. d. 
7:15 a.111. vf. 
2:13 p.111. Yf. 

11:5 p.111. Yf . 6 22. 
n 3 :53 a.m. ,•f. 

6 :06 :i.m. vf. 
1:13 p .m. vf. 
3 :16 p.m. vf. 

10 11:16 a.m. vf. 
1 :34 p.m . vf. 
1:49 p.m. vf. 
3 :22 p.m. vf. 
5 :03 1.m. vf. 
7 :±5 J .m. vf. 

11 2:4 t1.111 . vf. 
3:0G a .m. Yf. 
!) :22 :l.lll. vf. 
9 ::':j a.m. Yf. 
7:27 p.m. f. 6 1-!. 

13 9 :50 Jl.lll. Yf, 
9:52 p.m. yf_ 
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'eptemher 
14 :55 a.m. vf. 

9 :0 a.m. ,·.f. 
!l :46 a.m . v.f. 
9:4 a .m. vf. 

10:14 a.m. vi. 
10:41 a.Ill. \'f. 

1 :-!2 p.m. vf . 
1 :44 p.111. vf. 

15 5 :53 a.m. Yf. 
b:56 p.m. v f. 

16 3 :31 a .m. ,f. 
12 :46 p.m. vf. 
12 :47 p.m. vf. 
.J.:23 p.111. vf. 
6:10 p .m. vf. 
7:11 p.m. vf. 

17 1 :19 a.m. ,· f. 
6:22 a .m. vf. 

H) 3 :53 p.lll. vf. 
20 !) :11 a .Ill . Yf . 

9:15 a.m. vf. 
9 :36 n.rn. vf. 

10:02 a.m. f. 6 25. 
11 :5 a.m. ,· f. 
12 :36 p.111. vf. 

21 J J :31 :1 . 111. vf. 
2 :09 p.111. Yf. 

22 2:32 a .m. vf. 
3 :39 a .m. ,·f. 

JO :5!l p .m. vf. 

•r _, 

30 

mber 
12 :34p.111 .Yf. 

5 :34 j .Ul. Yf. 
6:31 a.m . .-f. 

10:06 ;l.Ul . vf, 
12:47 p.m . vf. 
1:41 p.m. vf. 
2:15 a.m. ,f. 

10 :00 a .m. vf. 
10:06 a.m. vf. 
10:10 a.m. Yf . 
10:11 a .m. vf. 
10:;;!l ,1.111 . vf. 
12:li p.m. Yf. 

1:3,'> p.m. ,·f. 
5:41 a.m. vf. 

10:19 n.m . .-f. 
10:51 :i.m. ,f. 
1:?:5:? p.m . .f. 
l:](l p.m. ,·f. 
1: - p .m. ,·£. 

12:-H p.m . .-f. 
:?:33 p.m. ,f. 

10 :40 p.m. Yf. 
2:43 jl,lll. Yl. 
i :2 p.m. ,·f. 
!l: 06 p.m. v f. 

12:25 p.m. TI. 
2: 33 p.m. ,•f. 
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Teleseisms 

September 11 
S or L 2:20:06 a.m. 

September 
p 
s 
L 

21 
p.m. 

" 
!J :17:53 
9 :21:56 
9:24 :46 " 

Harmonic Tremor 

V ery £eeb1c reeord. 

Distnnce 3,150 miles. 

This type of movement wa absent thrnughout the month. 

Microseismic Motion 
Microseism were stronger than nonn::il on the 4th ancl 5th; unusuall y feeble 

on the 29th and 30th. They were normal for other parts of th e month. 

Tilting of the Ground 
By weeks this movement 11·as a follows, expressed as ::ingular ch::ingc ancl 

direction of motion of tho plumb line: 

August 29 -Septern bcr 4 - 0.3 soconcl B. 
eptembor 5-11 1.5 " SW. 

" 12-18 0.9 N . 

" Hl-25 0.6 " SSE. 
" 26-0 tober 1 0.9 " ENE. 

The very feeble earthquake noted in the above list at :31 p. m. on Sep­
tc>mbcr 4 ,yas a pe1·eeptible shoek in Kona on the west side of the islan<l. 

The seismographs at the Hawaiian Voleano Observatory, upon which the 
above listed earthquakes are being recorded, were overhauled on September 

Thie periocl was left unchangecl, but the clamping ratio was reduced from 
nperiodicity to about 10:1. New magnifying !revers ancl writing styluses of 
the ame dimension as th e olcl ones ·were installccl, and the guy wires of the 
booms were tightened. .A.s a result, the sen itivity of the instruments has been 
increased so t hat telesei ms are more plainly recorded. A very rap id continuous 
tremor has been brought ou't, ,vhich i probably due to the engine of an electric 
light plant clistaut about 200 yards from the ObservatoTy. The new pens also 
show numerous vcTy small short-pei·iocl trnmors of short . cluration, probably 
clue to local non-seismic cau es, as they appear only cluriug daytime hours. 

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

All exchanges, gifts to library, news notes about Pacific volc:rnic anil 
~C'ismir . ovents. n11tl correspondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Hawaii National Park, Hawaii. 

'l'he Observatory is operated by the U. S. Geological Survey, and its work 
is supplementecl by the Hawaiian Volcano Research Association. The main 
station is on the northeast rim of Kilauea Crater. Subordinate seismogmph 
stntions nre operated by the Research Association under the direction of the 
volcai1ologist in Kona and Hilo. 

'Ihe 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" .; Long. 155° 15' 39.6" W.; Elevation cel lar 1214.6 meters 
(3985 feet). The Hilo and Konn stations operate horizontal pendulums. Theil' 
scismograms are sent to the Observatory. 

The Hawaiian Volcano Research Association founded the Observatory in 
1911, transferring the plant to the Government in 1919, but continu.illg coopera­
tion in e:irperimental work by furnishing funds and apparatus and workers as 
needed by the Government Volcanologist. It is a corporation unde,. the laws 
of Hawaii, governed by a board of directors, and fin anced by the subscriptions 
of its members and patrons. Its aims are ic1entical with those of t he Observa­
tory, namely, (1) To keep record of Hawaiian volcanism, (2) To attract vol­
eanologie specialists to Hawaii, and (3) 'ro promote worldwide knowledge of 
volcanoes and earthquakes and the foundation of more volcano observatories. 
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The Modern Meaning of E xploration 

The ancient mari noer s, Capta in Cook a nd B eri11g and Magellan, made dis­
covery in geography that rough!.'" mapped the world. Some Arctic explorers 
have complained, "Ther'e is nothing left to discover." S uch an attitude means 
misapprehension of the word "dis,-overy." 

Manhattan I s land and t he Hudson Rh-er were '' disco,e1<ocl '' (uncovered, 
brought out of darkness) perhaps by Hendrik Iluclson, but both have been 
explored in detail a thousaucl times since. 

Xew York has had " unco,·ered " its potcncic-s as a harbor, a center of t rans­
portation. a con11nc- rcial 111m·t, an nirpl:rne bn~c-, a goal of inla ncl waterways, a nd 
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a strategic nucle us i 11 war, unt il i t has accumulated men and ll"0nten to the poiut 
of su ffocat ion. 

The eliscovery of t he world hns only b:trel_\" begun. Millions of square m iles 
vf mountains, rivers , pla ins a nd eleser ts have ne,·er been t rodden by ci vil ized 
,wen. Un told millions of square miles of t he sea bottom, aLout 72 per cent of 
the surfaee of t he ear th, have ncYer ~•iclcled :1 sounding o r a rnck specimen. 

Each n ew i nvon t ion, l ike t he a irplane, t he modern oil well, or t he Diesel 
eng ine, makes possible explorations never dreamed of before. Om g reat wheat 
a nd beef be lts have b,een cliscoverecl by means of the railroael , t he a utomobile. 
t he w ire fence, the exper imen t ;tation ancl t he machine han ·~stcr . 

The State of Ari zon:;, supposed to be a deser t, has been '' cliscoverecl '' in t he 
last 25 years to be one of t he gar den spots of the ra rth . The on e-t ime cowboy 
State of Monta na has "clisco\"ered" itself to be a n a g ricultura l Ja nel of whea t 
a nd sugar. 

'L'horoughness is t he character istic of 111odern science. '' Unexplored' ' is a 
purely rnlative ter m. " P rospecting" has genera lly been clone by haphaza,·cl 
grubt>i ng. 

Contrast i~ gr eat between the writer's experience i n cruis ing through t he 
A lcutian I s la n<ls in a sai ling schooner in 1907, on a n exped it ion from the Mussa­
chusett s I nst itu te of 'Tcchnolog~-. and a simila l' trip he made fo r t he United 
States Geological S ur vey i n 1927. 

The ad vent of salmon canne1·ies, of the Diesel eng ine for 60-foot boats, and 
of rad io co111 municat ion, ha Ye facilitahid •'xplora t ion immeasu .. abl,,·- On both 
journeys he wns seeking experience of the g reat ~\leut ia n volcanos. 

Volca no obser vation i ~ a logical central interest for gcograpl, ic work in the 
Aleutian chai n. The vokanoes a re everywhere la ncl111arks, a re centers of th rong­
ing li fe on sea a nd Janel, and arc conneckcl wit h t he profoundest prnblems of 
gcolClg.Y, v1<c deposi ts, climate, coal and oi l. They a rc topographic features of 
fi rst impor tance to the map_ maker. whethc·r he be charting the sea bottom or 
sketching tho topography of the islands. 

Geophysics, or ear t h physics, is a grc,up of rather new sciences, clcaling with 
cha nges mensurable i n earth, air a nd water ; Janel, atmosphere and sea. 

Geophysics differs cntircl_v from geo log_,-. Geology is the science of dead 
rocks, foss ils and soi ls, and ho"· the_v came to be "·here t hey arc. Gcoph_vsics is 
t he science of how much energy, force, motion is passing t hrough the rocks, t he 
air, or t he sea. B y the measurements of geoph,vs ic-s we can e~tinrnte what forces 
mn ele t he rocks what they arc. 

Some of the gcoph_vsical sciences :ne seismology, ,·olt·anolcgy, flnv iolog~­
(rivcrs), glaciolog_v (glaciers) , limnolog~- (shoreli nes), oceanology, meteorology. 
terrestr ial gravity and magnetism, and codes.,· (ea r th measurement ) . 

The re :nc still other sciences growing up dea ling with measurement of t ho 
lllOVcmcnts of soils, lakes, uplift of mountains, ::i ncl loose mawrials in the cleser t . 

I n like manner there is a live science of geochemistr y, ":hich treats of t he 
chemical activ ities of land, wat er , a nd a ir. This again means not merel_v analy­
s is of i-ocks ;rncl water, but the cha-nges which a re going on cl,emicall_v and may 
JJc measured \\"ith i nst rnnH'nts. 

For all things are changing. second to sccon,1. holll· to hour . It is this element 
cf physic:11 or chemical cha nge whic· h cl-c1w1ncl 111c:1suremcut stations fixed at 
one ca reful ly chosen pl:->ce. 

Proposed Aleutia n Geogr aphic Observatory 

'fh c fo regoing wi ll show what aclvn ntngcs would be possessed b.'" u natu ral 
his tory observa tory in the Alcutin n I sla nds as a fixed hom<> for mapping :rncl 
exploring the p rocesses of some hund red t housand square miles of un known 
American l ands i, ncl sea bottClms, where tochl,v th-c <·ha rts :UP cl e:rh-ccl f rom old 
·Hussi:1 n maps mnclc a hund ,·cd ~-ears ago . . 
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This observatory 11·ill investigate mysteries of tho stc rmy lands, often 
sh rouded in f og, where there are at le_ast 60 unkno11·n h:Hbors, 40 unknown vol­
eanoes, and resources in mineral, fish and f ur ancl opportunities for navigation 
and travel. 

In cooperation with t he observatory, scien tific vessels will explore 5,000 mil'Cs 
of American shore line wher e few v'Cssels have ever toucl,ecl, home of swa n a nd 
pta rmigan , seal ancl sea lion, sea otter :mcl br own bear, cocl a ncl ha libut and 
herring, of g reat eagl'Cs that prey o n t he yo ung of n:cl, white a nd blue foxes, 
and of a 1·ace of men, the Aleuts, whose origin is still a mystery. 

The Aleutian Arc 

It is a Janel which trends in a nearl_v perfect circular a rc 01, the fac'C of t he 
globe for J ,600 miles, with Ber ing Sea ancl t he Pa cific on opposite sidc8, sha l­
lowest and de·epest of oceans. 

Herc there arc unmapped ocean cnnents and tides, u cating an extraordinary 
c limate only mperfectly known, with tide rips and fogs a nd gales of ,l"incl, :!long 
shores which are rising and falling tlnough t he centuries under volcanic fo rces. 

K nowledge of these is esscntinl in orcfo r to predict tho weather for the benefit 
of mariners going from America to Asia . 

P rop_osed Work and Collaboration 

The new observatory will wo1·k in concert with some eight sci'C11 tific burea us 
of the government, seven civil offices, ancl t,vo outside institutions, with a vie11· 
to gathiering information all the year around concerning the weather, tides, cu r­
rents, magnetism, earthquakes, volc::rnic activity, crust upheaval, a nimals, plants, 
natives, and commercial needs. 

For the summer half of the yea r, the obs'C'r vator_v will help maintain expedi­
tions to collect animals, fish and other marine organ isms, plants, birds, minerals, 
rocks ancl human antiquities, a nd to map the lands, the geology, t he clcpths of 
the sea, the air curren ts, ancl such eai·th activities as trc.mors, tiltings and 
changes of mean s'ea level. 

It will explor e and photograph, "·ith t he help of alpine nscc-nts and airpla nes, 
the great glaciers and snow fields of the vplcano'Cs and their cratm·s, which ex­
tend all t he way from the upper end of the Alaskan Peninsula to the inlancl 
Buldir. 

The Scientific Opportunity and Adva.ntagcs 

Hcr'C probably lies t he k c_y to t he vcr:v nncicnt inh:1bitm1ts of the linking 
island~ t hat co1mected America with Asia. H ere some of the islnnds :ire more 
than 50 miles long, known to conta in mummies a.nd implements and anci'Cnt 
burial p laces, a n cl on many 1rnrts of t heir sm·faccs no man has ever set foot. 

On the Peninsuln arc the g1<ea.test volcanic cr atei·s on earth, and along the 
t"hain a rc unknown deposits, hot and cold, of sulphur ancl sulph ides, and solfa­
taric patches of activity, making all sorts of chemical incru~tn t ions never col­
lcctccl or ::rnalyzcd. Compl'Ctc studies of these serve to th roll" light on the origins 
of ores. 

Along the line of this great arr. today t here arc golcl, sil ver, l end, copper, 
zinc, sulphur, petrol'Cum and coal, ]owwn on the Pcninsuln, but never even p ros­
pectccl in t he western islands. 

Herc there are plants ancl insects and birds, serl\\ecd~ :ind sea an i mals, 1·c­
·1at cd to K amchatka on the west and Alaska on the east. ' f'hc distribution of 
t hiese is as yet unmapped. 

'J.'hern are no trees, though the climate is milcl :incl trees a rc a bundant at 
iloth encls of the line. Grasses and flow'Cr ing plants grow profusely, ancl already 
a sheep industry has been started. 
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Living P ermanently With Nature 

A geographic observatory differs frorri a natural history museum in t his. that 
its object, instread of being to store and exhibit native implements, birds, lavas, 
and glacial bowldcrs, is rather to live permanently with tho natives and birds 
and ,·olcanoes and g laciel's, to watch and measure their mo,·ements, and to map 
:md chart all chauges. Aud it i s profoundly interested in the trappers, fisher­
lllCH, miuers and farmers, ancl in fostering their progress. 

E arth Observatory Not a N ew Idea 

The terrestrial observatory, while ucwer in ongm than the astronomical 
observatory or the weather stations, is not a n ovel, untried experiment. 

Volcano and earthquake observatories, observatories of magnetism, of elec­
t ric curren ts in earth and an , of the tides, special stations for the obS'ervatiou 
of t he sun 's heat, of coral growth, of glacier movement and of desert plants, 
are in <existence as different forms of geographic observatories. And agricul· 
t uro has maintained obsen·atod es or experiment stations f or many years. In 
a sense all t he great research laborat.01·ics of the industrial corporatio11s Aro 
obseTvator ies, for, in every direction, they are compelled to experiment on the 
effects of time and change, wind and weather and soil, on metal, or wire, or piping 
or rails, eiqJosecl to t he vicissit udes of a hundretl d ifferent climates. 

Demand for Aleutian Knowledge 

A demand for studies of the Aleutian land has come from naturalists of :i 

great :internatioual science congress held in Australia in 1923. Other expres­
sions of the need for Aleutian r esearch hav<e come in various forms from the 
Na tiona l Researc h Counci l of the United Statl's. from the Geologica l Sun·ey , 
from the Weather Bureau, t he Carnegie Im,titution, the Coast Survey, and the 
National Geographic Society, to say nothing of the· crying need for new charts 
,-oiced by all navigators in those waters. 

For years the Director of the United Statres Coast and Geodetic Survey ha~ 
pressed for an appropria t ion wherewith to make a permanent government sta­
tion at Dut ch Harbor. 

New char ts of the Aleutian hydrograph~· arc g re:::tly needed, the p re eut 
ones being small scale Russian sun·eys of nearly a century ago, with many 
ha.rbors wholly unexplored and outlines wrong. 

Tho Aleutian Geographic Observatory will aim to create a scientific meet· 
ing ground, and will work the year arou_cd :in this difficult country. It will aim 
to help surveyors, chemists, physicists, and naturalist s to make charts. eollec· 
tions, surveys, experimen ts, researches, and voyages, unt il the Aleutian Islands 
have been explored and their r esources have been made known. 

And lJleyond this, there are many yea1·s of work for the staff of the observa­
tory itself. They will measure what geological changes arn taking place on one 
of th'C most lively corners of the globe. 

Continuit y of Volcanic E vents 

'.l.'o t ake an example of only one science, that dealing with the measurement 
of volcanoes, t here has nQt bieeu a year for the last half century when, at omc 
point of t his !!'!'eat arc of mounta ins, the1·e wns not somo sort of outburst from 
n. crater. Aml knowledge of t h is helps solve the earthquake problem in Cali­
fornia and Japnn. 

Everybody i~ familiar with the vagaries of Bogoslof, the r ~current reports 
of fi1<e on Pavlof, nnd the tremendous worlcl-encircl ing dust explosions of Katmai. 
And mariners know well the glow and steam over Shishuldiu, and the black 
smoke often vomi ted fro m Akutan Vokv.no. both of t hese close to 'l"nimak Pass, 
where thie steamer s sai l through t he islands on thei r wa~• to Xome. 
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'fhe geographic ouservalory will be .located near such vo lcauocs. Its little 
ship \\'ill be r eady with Diesel power, on tall by radio, to send men with cameras 
and instruments post haste, when nel\'s of an eruption arrives. 

On t he nearest volcnno it will be keeping a log book of measurements of 
jittle ea r thquakes made with a delicnte pendulum, of temperatur es at hot springs 
and gas voents, of temperntures of special borings equipped with self-recording 
instruments, of ti ltings of t he crust of t he ear t h and consequen t changes of 
elevation. Ancl it will make a photographic record from year to year of craters, 
<lust clouds and Java flow, and all oth'Cr changing featurns of an active volcanic 
mou ntaiu. And it will record >111 the great em·t hquakes of the Aleutian sea· 
bottom. 

Main Stations, Substations and Expeditions 

T he writ er has spent tl,ree ~"Cars in exploring Aleu tinn mountains, and 18 
yea rs in operating a ,·okano observatory in H awaii. H e believes t he activities 
of this Alaskan country can be aclequatel,v provirlecl for by a main experiment 
station, placed at Dutch Harbor, to be occupied by a staff of four workers 
winter and summer. 

'!'his station, with i nstruments, will observe, record, and publish data of 
Yolcanoes, enrthqual<es, tides, winds, rainfall, t,cmperatnre, bm·ometric pressure, 
sunshine and cloucls. It will be equipped with a powerfnl motor yacht and small 
boats. It will have l aboratory, quarters, shop, clock, and dtork room, :ind wil l 
keep under observation Bogoslof ancl Akutan Yolcanoes. 

It will keep in radio rommunication with existing stations on the Aleutian 
arc for scientific information. Auel it will keep in t{luch by r ad io with its own 
vessel when visiting suborclinat'C stations a ncl cxpcrliti{lns. 

The biggest task of the Aleutian obsenatory for the next 10 years will be 
to provide a home, a base, and a boat for the Coast Survey and t he (;eological 
Sur vey, in mapping the Bering Sea side of t he Alaskan P eninsula and the por­
tions of t he Pacific Coast not yet mapped, and all the ccnsts of th'C islands 
farther west. 

'fhis mapping of the d epth of the sea bottoms, and of t ho clangers to naviga­
l io11, and of mountains, rivers, water pow,ers, harbors, lakes, plains, ancl beaches, 
is the first requirement of all sciences. Maps are what make the i slands accessi­
hle to ships, ancl provide baS'C plaus for the erection of settlements, and for 
showing d istribution of rocks, p lants, earthquakes or weat her data. 

'fhe substations of t he Aleutian Observatory will be des igned for work the 
six months from April t o September, when some one place each year will be 
selected for special observa.tions in geophysics or other sciences. The places 
immediately contemplat'Cd arc volcano stations at Akutan, Shishalclin, Pavlo£ 
and Kat mai. 

1'hree of t he Dutch Harbo1· staff, assisted by impo1·ted workc1·s, will move to 
a substa.tion for intensive summer work on the volcano in qu'Cstion, making col­
lections, setting up a seismograph and weather :instruments, photographing t he 
crater, 1111Cl k eep ing a journal of minor nctiviti'Cs. 

With them may be ]>laced an alpine climber, a geological mapper, a zoologist 
or botanist, for work in climbing to aucl photographing snowy rraters, and in­
vestigation of the rocks and of biological featur'Cs. 

It is proposed to put up a substantial ramp a.t each substation on its first 
occupation, t he camp to be left for future use. In thi s way the scenes of 
roming crnptions will b'C photographed a nd will become familiar to the staff. 

When a major e1·uptio11 of Akutan Volcano for instance, takes place, there 
will be a place of obse1·vation rnacly. The staff will t hus gradually seCUJ"e data 
about the places strategically impo1·tant for volcanologie work. 

The assistant who r emains in charge of t he main observatory will k'Ccp up 
the instrumental 1·ecord and keep in radio communication with the substation 
:it such times as the substation is Yisitecl by t h'C observatory vessel with its 

71 



r :idio opc1·ato r. lt may wel l be :ulvaut.:igcuus fo ,· t he 111 ap-11ta ki 11g expeditious 
of t he fi rst fe11· years to work in conj u nction with the first es ta blished s ub­
s tations. 

'f he expeclitio11s of t he Aleut ian Obsc rva tor_v will use t !w la rge motor boa t 
t o mak e byclrog rnp h ic and topogra ph ic surV'Oys a nd geolugi e 1·econ11aissances. 
H er e also, " ·hen feasible, specialists i n other scic 11 ccs wil l b•J taken alo ng. 

The vessel will can y horses to act a s 1m ck animals and t hese will be ta ken 
t o t he base selected for survey, so tha t jnstnunents ancl camp equ ipment ma_,­
be carried i nland from t he baS'C camps. 'f he b:isc camp at a ha rbor mny be 
movccl by boat as often ns n ecessa ry, an d a t these base carnps t he h_nl rograph­
crs will work with smaller boats, ma king surve~•s of t h'C coast. 

As t he boat w i ll carry wi1·eless, rep orts front the fie ld pa rt ies " ·ill g o to the 
centr:11 station. 

lt must 110t b e s up posed t ha t the vis iti ng worker s in out s ide sciences will 
greatly add to t he expense of operation . Th ere arc a lwa _vs a pplications front 
s pecia lists, when sut h expeditions a rc contempla ted, a nd t hese men come front 
instit utions willing to stand the ex pense. All that t he permanen t sta tion hns 
t o do is to pro\"icle room for such ,vorl,ers. 

Publications 

It is i 111po1·tan t in su ch a n est a blish ment as is h'Cre e nv isaged that the results 
of work be g i ven cont in uo us p ublicity in d igni fied but popular fo rm. Science 
makes no p rogress nowadays u nl ess it has t h e ba cking of the p u bl ic, and the 
p ublic means busine ss men w ho ha\·e n ow learnccl b y ma ny year s of 1·esear th 
a t ind ustrial laboratories t hat p ure scien ce is :1 paying p roposit ion. 

'fhc A leutian Obser vatory will pu blish, at its ma in stat ion, a m ultig raphccl 
weekly letter sent out to subscribers, t o librai-ies, a ncl to government a nd educa­
tional i nstitutions, describing t ho events J"CCOrrlccl aJHl t he Gxpe1·i m'Cn t s and re­
searches in p rogress. 

It wil l also p ub lish at some suitable c'C nt er i n t he U nit.eel Sta tes, an illus­
trat ed quarterly magazine, d escribing more f ully t he exp ed iti ons, collections, 
resoarnhes, and m'Casuremcnts acquired by t h e members of th e staff ancl ,· isit ing 
wm·k ers. 

Proba ble Expense 
'fh e cost of equip ment ancl operat ion of t h'C Aleu t ia n Geographic Obser rntory 

is figured approximately as follows: 

E quipment 
B oa t s . . . ... . $25,000 
H ouses . . . . . . J 2,000 
Hor ses . . . . . . 400 
Apparat us 4,000 
Contingent 8,600 

$50,000 

Work N ow i n Progress 

Annua l Upkeep 
Sa la l"il's . . . . . .. . . $22.200 
Sta t ion upke ep . . . 6,000 
Boat upkeep . . . . . . -1.200 
Food s upplies . . . . 3.500 
T ravel a nd freight . ~,000 
Conti ngen t .. . . . . . 11.100 

( incl. publ ica tions) 
$50,000 

N o suggest ions arc made here as to t he possible :1uspiccs und er which the 
Aleu t ian Geograph ic Observatory may be estnbl ish'CCl. The iclea of an Aleutia n 
volcan o observatory has been fost ered by t he U nit ed States Geologieal • un ·ey 
s ince t h e Volcanologic Section of t he Su ,·vey was organized in 1926. A first 
beginning of t hi s work in Alaska was cl one in 1927 by establishi ng a e ismo­
g ra ph a t Kodia k. 
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Pig. :~!J. 'Hptain Jia ,.bor: t h'or o arc sco1·cs of h:nbors unknown on the P a cifi c si clc of t ho wcstc l'n Aleu t ia ns. 
P hoto 'nt. Geog. Soc. 



Y i!!. -10. \\"iltl flOll"C'rs. frrn~, and hC'1..-_,. h11shC's in thC' alders: the Alc11tinn flcrn of the Al:oskan P cniusul:1 :it Yol­
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Fig. ell. Eggs of sen -gulls :uc priz,•cl :is food h.v the A lcuti:111 11;iti,·c~. Phot o Xnt. G('og. Sot. 



Fig. -12. Bra iling s allllon fro Ill a fish-trnp on the Alnska n Peninsnla: tl, c wealth of tbc co,111t r.,· is in the c·nn-
11 cri cs. Photo );at. G<cog. 8oe. 
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'l'hc Bureau c,f l!' islH•ric,,;, the Biological, Geological :11u l Uoast 8 ur ve_vs have 
a ll done work in the Al:1skan Peninsula; the ="ational Park Se1·v icc is intercsteci 
in M;ount McKinley ="ational P ark and in the Katmai National Monument; ancl 
1.he National Geog1·aphic Rocicty, assisted by the Ca rnegie In st it ut ion, has done 
extensive work at Katmai and has begun a new s·crics of expeditions. 'l' he 
Weather Bureau hns numerous Y,)lunteer oh cn·e rs along t he Aleutian belt. 
The Post Office Department, the Lighthouse :111cl Coast Guard Sm·v ices, the air 
ser vices of the Ann~• ancl ="av~·, the Bureaus of Educntion :rncl Indian Affa irs, 
:rnd the Department of Agriculture arc all Ynriousl~• int~ restecl in the m,YS· 
\cries of this region. 

S ueh station might he c tablishecl under private a uspices. One good reason 
for this is that it I useles to cstablish rnch an inst,tntion ,Yithout adequate 
funds. The nrnin item of cost i salaries, ancl one ca nnot nk abl'C scientists to 
make a tour the ~•car arounrl in such a "·ilcl countr.v without pa~•ing them, so 
as Lo hold them in competition ·,,·ith the rcsenrch laboratories of commer,·e. 
Also it is essential that tiley be given safet.v in t ran spo 1·tntio11 , ancl what little 
eomfort i n quarters nnd laboratoric5 may be obtainc<l in n llis:igrccablc climate 
amid rough people ancl rough surroundings. 

B oth business ancl science ha,·e le[, rneil tha i if a \\'Ork of this kind is to be 
tlvnc, it must be clone well. And it it is to be clone \\'el l, it must hire good 
men to do it. It cannot he donc on a shoestring. I believe tria t the Aleutian 
Geographic Obsen·ator~·, if propl'rl.'· financed a nd properly mannecl for 10 yea rs, 
ll'ould produce publications ha,·ing a wide circulation and exciting great populnr 
int.crest in Alask", by rcascn of the very boldness and origi nality of such an 
under ta~ing in a t empestuous, unknown _Janel of hanl,v exploration. 

Ancl by furnishing good maps, it would promote i n southwester n Alaska, 
along t he lines of commerce, 11:1vig:1tion, min ing anil agriculture, what the fish • 
c ries hn ,·e onJ~· lX'gun. 

V OLCANIC CONDITIONS IN OCTOBER 

Activity of H alemaumau and General Not es. 
Activity at Halemaumnu t hroughout Octobc·1· c·onsistecl prnctically exclusively 

of ligh t avalanche . Thl'se ll'CI'(' mostl.v du r ing th>e last half of t ho month. 
'J'herc was slight increase or deerease in st enming from time to time occasioned 
for the most part by weather ccn cl it ions. A hard rain on t ho second cla y of the 
n1onth washed awa.v much of what remained of the dust coatings from the big 
1101·th avalanches of August. 

'r cmperature measurements at one of the hot nreas of Manna Iki, a Ja,·a 
heap pile d up during a flank outflo11· from Kilauea in 1920, showed considerable 
heat after an inten·al of eight years. Two vents hacl tempernt11r cs of 260° C. 
aucl 175° C., respecti,·el,r, an~l a stick t hrnst into t he secon<1 vent caught fire. 

JOURNAL, OCTOBER, 1928 

October 1. A bri~ht sun, and ligh t S W. wind. Pit very qui'Ct, but looks 
<lusty ns from slides. SW. eoue stc•ams stcadily but sligbt, and an occasional 
wisp comes from cen ter cone>. 1\1.iclstrrak of SW. ta lus strams steadily and 
stronger than seems usual f or clr,v weather. 

October 2. After hard Fl. min. Halemauma u is wnshed clc-a n of dust, so t hat 
two or t hree loucl rock falls could not be accurately loca ted b.v looking for dis­
turbed dust. Wa lls a re of brilli~nt reel color , ancl floor is contrnsty black. 
'l'here is very noticeable steaming at the si tes of all four Jul.v, ]927, fou ntai11 
vents. 

October 3. P it qui~t, t hough bl'O small rock falls were he:1rcl, but not seen. 
Steaming still eYicl ent nt the sites of the four lava vents; pnrticularly floccu­
lent at t he small hole in the pit floor mark ing the site of the sn1all twin foun­
t:lin of July 7, 1927. 
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October 4. Nu slides in vit. Slightly increased stcan, ing i11 south talus. 
):o changes noticed. 'J'herc is dust from August avn lanchcs on tho pit Jloo1·. 
The 1·ccc11t tremors showu hv the pit ~Pismograph mn.v <•o in~i<ll' "·ith occasional 
::rnlnnches. Jt is i111port:1nt to cl,eck th is up. 

October 6. At s'Cconcl hot area on M,.1uun l ki tl'Ht[H~ ra turcs l >1ke 11 with 550° 
C. thermo meter, with nitrogen inside: 1 t vent. 260° l'.; 2cl , ('nt, 275° C. (527° 
J-'. ) , where a stick caught fire. 

This gray dust from llalemaun,au XE. at 11:15 a. m. 
October 7. At noon one or two £:i lls of l'Ock heard W. and KW. K. wall 

shows fresh peeling and salt coatings. X. talus has new debris. 
From U"·ekahuna Ohsen·ator,v saw bright fresh strip on SE. wall. 
October !!. .Nothing 11e11· SeC'n nt ffalcma11?11au at 10 :-1.3 a. m. S. cone not 

steaming. Ava lanche dust ros\! N . at 12 :~0 p. m. 
October 11. Slides occurred on this (;:1y. At. a. 111. dust from a XW. arn­

Janeh'C was seen from the Uwekahunn Obscrvatorv. This dust rose E. or SE. 
at 8 :40 a. 111. At 4:15 p. 111. much "·as seen rising in E. 

October 13. At 3 p. m. much gra.v dust l'/lse, concentrated mostly NNE. A 
Park Ranger r<:po1·t~ thnt t he origin was X., followed a few minutes by a 
slide S. 

October 15. At l ] ::30 a. m. muth stenm was rising after n night :incl a 
.forenoon of rain . 

October 18. Ranger reports aYal:!nehes !l::lJ, 9:-10, 9:-15 a. m. From H. V. 0. 
at 10 a. m. clust rose X. rather ste::tclih·. once or t wice iu a straight column 
which would spread out. · 

Octobe1· 20. '.l.'hin clust Jillecl t ho pit at 11 :20 a. 111., also various times after 
noon . At 2 p. m. fresh debris lay on SiV., ., and SE. inner slopes. '.l.'he pit 
was very dry. 'fh c only n1por was at center cone ancl at SE. ancl S. taluses. 

October 24. At 9 a. m. there was a fresh spot on X. talus ancl an invisi ble 
fall of rocks W. No steaming. 

October 30. 1'hin dust ros<' I•:. at 10:3.i a. 111., in fh·c minutes continu ing 
more thickly, over 1'.'E. rim. 

October 31. 'l'hin clust 1·osc NE. at 11 :35 a. m. and spread out. At 2 p. m. 
dense steam was r ising from H alemaumau after a forenoon of min. 

SEISMOMETRIC RECORD 

T here were 73 local e:.1J·thqunkes and ono tcleseism recon lod on th~ seismo­
graphs at the Hawaiian Volcano Obser vatory during t he month ended at mid­
nigt1t October 31, 1928. These and oth<'r phenomena arc listed below. Tho 
time used is Hawaiian Standard (time meridi:u1 is 157" 30' W. ), w hich is 10 
hours and 30 minutes slower than Greenwich time. 

The g reater number of t he very feeble local shocks counted in t he list make 
s uch minute records that the charncter of the disturbance is not always appar­
ent. Some a rc true earthquakes; othes arc perhaps the parts of greater ampli• 
tucle of a continuous or protracted tremor, which at other t imes may be too 
feeble to record; some seem to be 1<ccords of vibrations set up by avalanches 
in Hnlemau mau. 

Abbrc,·iations used below are as follows: Yf, very feeble _; f, feeble; s, slight; 
m, moderate; d, instruments dismantled; fl, felt Joca ll.v ; 6, i nclicatecl d istance 
in miles; •, continuous tremor. 
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Local Earthquakes 
October 

1 5 :03 a .m. vf 
8 :07 a .m . vf. 

11 :49 a.m. vf. 
2 9 :08 a.m. vf. 

11 :39 a .m. vf. 
4 2 :47 a .m. Yi. 

9 :38 a .m . vf. 
5 2 :57 a.m. vf. 

3 :13 a .m. vf. 
3 : 16 a .m. vf. 
-l:00 p .m. vf. 
5 : 16 p.m. vf. 
:3 : 18 p .m. vf. 

G ll :11 a. m. vf. 
12 : 59 p.m. vf. 

7 10 :30 a .rn . vf. 
12 :36 p .m. vf. 

8 6 :36 a.m. vf. 
8 :23 a .m . vf. 

!) 2 :28 p.m. vf. 
JO 6 :35 a .m . vf. 

7 :55 a .m. vf. 

•releseism 
October 14 

Octob er 
11 J 2 : 02 p.m. l".f . 

12 :05 p.m. vf. 
2:07 p .m . vf. 
:1: 32 p.m. vf. 
4 :07 p .111. f . 6 281 

12 4:11 a .m. f . 6, lH 
5:2 (I. Ill- l"f. 

1-l 6:17 a .m. vf. 
7 :07 a .111. vf. 

] 5 3 :29 a .m . vf. 
~:44 p.m. vf. 
5:13 p.m. vf. 6 14 

16 9 :-16 a.rn. Yf. 
i7 .J :31 a.m. vf. 

. J :3 a.111. v f. 
1 :49 p.m. vf. 
4:00 a.m. Yf. 
9:0 a .m. vf. 

11:21 a.m. vf. 
3:(.l.j p.m. vf. 
5:0J p.m. vf. 
fi:42 p.m. Yf. 

]!) -!:~5 p.m. Yf. 
-3:56 p.m. vf. 

:?I 10:41 n.111. f. 6 l '.i 
}:?:37 p.111. Yf. 

? 10 :30 p . m. Y en· fai nt . 

H armonic Tremor 

October 
2:! 6:43 a .Ill. vf. 

9 :56 a .m. f . 6 12 
10 :46-J0 :50 a .m. vf. * 

Z:35 p .m. vf. 
:! ::32 p.m. vf. 
5 :07 p.m. vf. 
fi : 24 p.m. vf. 
9 :50 p .m. vf. 

2-l 6 :29 a .m. vf. 
2 ::15 p .m . v f. 

2-3 5 :27 p.m. vf . 
26 11 :57 a.m. vf. 

12 :56p.m. vf. 
8:56p.m. vf. 

11 :15 p .m. vf . 
27 2:42 p .111. vf. 

'.1: 40 p.m. vf. 
(i:24 p.m. v f . 

28 2 :55 run . v f. 
:10 ]2 :41 p.m. v f. 

l :3lp.m. vf. 
31 12:53 a .111. vf. 

J 2 :55 n .111. vf. 
:i:32 ,1 . 111. v f. 
6 :54 p.111. vf. 

No ha r monic tremor was registerC'd, C'Xeept possibl_v the t remor from J0 :46 
to 10 :50 a . m. Octob>er 22. 

Microseismic Motion 
M icroseisms were strong on the 3d, 9t h, J 2th, 30th, and 31st, an,l 11oru1[ol 

t he r emainder of the month. 

Tilting of the Gr ound 
B y weeks this movement was as follows, expressed ~s angula r cha nge and 

direction of motion of the plumb lin o : 

ScptC'm bC'1· 26-Octobcr 2 . . ... • .. . . 0.8 
Octoher 3-9 .... . . . ........... . . . . 0 .G 
Oct ober JO-JG ... . . .. . . ... .. .. ... . 1.0 
October 1 7-23 . .. . . .. . .. .. .... . . . 1.8 
Ortober 24-30 ...... . .... . ... ... . 2.8 
Octo ber 3] -:so,·ember 6 . .... ... .. . 1.6 

s~cond p ~. 
" N". 

" EKE. 
seeonds ~-

" s. 
" NKE. 

'l'. A. J"AGGAH, 
Volcanologist. 
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Bl:ick spot shows location of Obsel'vntory. 

All exchanges, gifts to library, news notes nbont P:1cific vnlr:111ic n11tl 
sPismir events. :111d corresponclenre shonlcl bP. nclilressccl IIAWAUA"N" VOLCANO 
OBSERVATORY, Hawaii National Park, Hn"·aii. 

'!'he Obsen·atory is operated by the U. S. Geological Survey, :111{1 i ts work 
is supplementecl by the Ha1Y:iiinn Volcano Resea rch Assoriation. •r11e 111:i in 
station is on the northeast rim of Kil:111ca Crnter. 8nhorcli11:1tc srismog-r:iph 
stations :ire operntecl by the, Research Associ:ition nncl cr the <lirection of the 
volcanologist in Kona ancl Hilo. 

'!'he Kilauea station opcrntcs horizont:il pcnclulums of the Bosch-011101"i type 
nn,l rereives time bv wireless frnm the Flonolnlu Nava l St:1tion. Ohsen•:itorv 
Lat. 19° 25' 54.3" K . ; Long. 155 ° 15' 39.6" W.; elcrntion cellar 1214.6 meteis 
(3985 feet). The Hilo ancl K ona stations operate horizontal pendulums. Theit· 
scismograms are sent to the Observato1·y. 

The Hawaiinn Volcano R esearch Association foun clecl the Obscrvatorv i n 
l!ll I, tra11sfen·i11g the plant to t he Government in J!ll9, but cont inuing coopern­
t ion in experimental wo!'l, by furnishing funcls ancl appnrntns ancl wol'kers a 
neecle,l by the Go,·ernmcnt Volcanologist. It is a rOl'porntion nncle•· the laws 
or TT:iwaii, govel'ned b_v a boarrl of clil'ecto1·s, :incl fin:inrecl hy the subscriptions 
of its members nn,l p:ttl'ons. Its aims nrn iilentical with those of the Observa­
tory, namely, (1) To keep 1·ecorcl of Ffnwaiian voleanism. (2) •ro attract vol­
canologie specialists to Hawaii, and (3) To promote worldwide knowleclge of 
volcanoes ancl earthquakes ancl the foundati on of mol'e volenno observatories. 
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Earl,r in th'C month there \\'Crc 11um<'l'ous :1valan('hes, most of these occurring 
during the night of Xo,·ember 1. One at 10:30 p . m. was louclcl' than others 
ancl ~t rong enough to l'C('Ol'Cl on the seismographs. These slicks originated at 
the 1101·th r im of !Ialem:1un1:rn, and as the debris rollecl clo\\'n t he face of the 
"·all it can icd along scattered loose fragments. 

During the remainde r of the month few changes O("('Ul'recl at the pit excicpt 
varia tions in steaming accol'(]ing to "'eather conditions. The seismographs be­
ha.vecl peculia rl.v 5 : )7 to 5:43 a. m. Xovcmb·cr 2{, registering 20 earthqunkes 
in 26 minu tes, severa l nt the rate of t\\'O per mi n ute. PiYe of the shocks were 
felt, and those with distinctiYc phases lrnd indicat'Ccl distances to origins close 
to the Obsen·ator,v. 

JOURNAL NOVEMBER, 1928 

November 1. K umerous a valanches were heard a t night from near the Ob­
servatory betwc-en 9 and JO p . m. One big one was noted a t 10:30 p . m. 

N ovember 2. Gra,v d ust \\':1S obsc1Ted from Uweka huua at 8:30 a. m. 
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November 5. Thin dust, rese111hli11g a lwze, filled the pit at 4 p. m. 
November 8. Thin dust filled the \\'hole pit at 3:2:5 p. m. 
November 14. At fl: 15 a. m. the pit was qu iet. A strong northeRst \\'ind 

was blowing. The north wall has gray markings over the red area . 
Steaming was not unusual despite rains of the past da-~'s. The soutll\\,est 

talus hns the usual wet steam stre,iks, a nd the cu rvNl st reak ncross its top is 
particularly prominent. 

November 19. At 10 a. m. n fresh 1·ec1 scar sho\\'erl on the northeast 11'311, 
and nell' debris belo\\'. Steami ng was about the same. 

November 20. All quiet at Hale111aumau at fl:JO a. 111 . One light fall of 
rocks occunec1 111Jrth. Wind was sou th . 

November 21. );o cha nges "·ere notrd at th0 pit at 10 a . m. '!'he south\\'est 
cone was steaming. 

November 22. Dense ste:i.111 ,·i~es fron, t he pit. mc-rging \\'ith lo"' clouds. 
Steam jets a re active over the \\'hole Kilau~n floor. 

November 24. Four earthquakes in Jhe minutes \\'ere felt out of n total of 
18 1·cgistc rcd iu the early morning. At 11 :45 a. 111. the pit \\'HS remarkably 
qui11t ancl dry, with no fresh falls in evidence and no trace of an_v effects of 
the earthquakes. 

November 26. 
November 28. 

A slide northeast making dust \\'as reported at 8:20 a . m. 
No cha nges observed at 9:15 a. 111. The center cone steams. 

SEISMOMETRIC RECORD 

T here \\'ere 61 locnl cn r thquakcs recorded by the seismographs at the Ha­
"·aiia.n Volcano Observa tory during the 111011th ended at midnight November 30, 
1928. '£hose and other phenomena arc listed below. T he t i me userl is Ha­
waiian standard (time meridian is 157° :lQ' Vil .), which is 10 hours a nd 30 min­
utes slower than Greenwich time. 

'L'hc greater number of the very feeble loeal shocks counted in the list make 
such mi11utc records that the character of the disturb:rnce is not aJ\\'a_vs appar­
ent. Somo are true enrthquakes; others are perhaps the parts of greater ampli­
tude of a conti nuous or protracted t remor, which at other times may be too 
fellble to rncorcl; some seem to be records of vibrations set ui:i by avalanches in 
Halemaumau. 

Abbre,·iations used below are as follows : vf, very feeble; f, feeble; s, 
~light: m, moderate; cl, i nstruments <lismantlcd; fl , relt locall.,·; 6., indicated 
distance in mi les; *, continuous t remor. 
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Local Earthquakes 

1'ovembcr 
1 2:37 a.m. d. 

10:30 p.m. vf. 
2 12:59a.m.Yf. 

12:45 p.m. vf. 
3 5:43 II.Ill . Vf. 

4 :32 p.m. vf. 
4 :47 p.m. vf. 

4 12:0f!a.m.vf. 
J0:0(i a.111. vf. 
4:H p.m. vf. 

6 7 :35a.m.vf. 
9:27 a.111. vf. 
9 :53 a.m. vf. 
2:02 p.m. d. 
7 :07 p.m. vf. 

7 5:32 a.m. vf. 
5 :43 a .111. vf. 

8 1:40 a .m. vf. 
6:37 p.m. vf. 6 2.6. 

10 4:49 a.m. vf. 
15 12 :41 p.m. vf. 

1:11 p.m. vf. 
1:16 p.m. vf. 
J :52 p.111. vf. 
J :53 p.m. d. 
6:09 p.m. Yf. 

Harmonic Tremor 

:\"ovC'mhcr 
17 2:20a.m.vf. 
20 J2:ll p.m. d . 
21 2:23 p.m. d . 

4:40 p.m. vf. 
22 3 :23a.m.vf. 
23 8 :l5a.m.vf. 

8 :25 a.111. vf. 
]0:]5 a.Ill. Yf. 

24 5 :17 a.rn. vf. 
:5 : 23 a .111. vf. 
5 :29 a .m. vf. 

(2)5:32 n,m. vf. 
(2)5 :33 a .m. d. 

5 :3-l a .m. vf. 
5:35 a.m. vf. 
5 :36 a .m. f. 61.3 n. 

(2 ) 5:37 a .m. vf. fl. 
5:38 a.111:vf. 
5 :39 a.m. vf. fl. 

(2) 5:40 a .m. vf. fl. 
5:41 a .m. vf. 

(2)5 :42 a.m. f. 60.4 fl. 
5:43 a.m. vf. 

:'\ovcmhC'l" 
2G 9:l5a.m.vf. 

l: 15 p.n1. vf. 
10:13 p.m. d. 

27 l :ll. a.m. vf. 
10 :08 a.m. vf. 
11:49 a .m. vf. 
] :28 p.m. vf. 
5 :24 p.m. vf. 

2 6 :05 a.111 . vf. 
7:12 a .m. vf. 

l J :18 a .m. ,·f. 
3: 05 p .111. vf. 

This type of tremor \\"as ahsent throughout the month. 

Microseismic Motion 
MicrosPisms were strong tho first part of the month, diminishing somewhat 

on the 7th. They \\"Cre normal follo""i11g the 12th :ind until the 29th, when 
t here \\"as a slight increase. 

Tilting of the Ground 
B~· weeks this movement was as follo\\·s, expressed as a ngular change and 

direction of motion of th'e plu111b line: 

October 31-Novem ber 6 .... ...... . . . . .. .. .. . 1.6 seconds NNE. 
~ o,·cm ber 7-13 ........ . .................. 2.2 " NNE. 

''- 14-20 .. . ................. .. . ... . 0.7 w. • 
21-27 ....... . .. . .... . .. ....... .. 2.1 " SS\V. 

" 28-Decen, ber 4 .. .. .. .. .. . ... . .... 2.0 " NNE. 

T. A . JAGGAR. 
Yolrnnologist. 
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All exchanges, gifts to library, news notes about Pncific volca11ic n11cl 
se ism ic events, and correspondence should be adclressecl HA,VAIIAN VOLCANO 
OBSERVATORY, H :nnlii Kational Park, Hawaii. 

'J'he Observatory is operated by the U. S. Geolog ical Survey, and its work 
is supplemented by the Hawai ia n Volc:rno R esearch Association. The 111:iin 
station is on t he northeast rim of Kilauea Crater. S ubordinnte seismograph 
st:1tions are opern ted by the Research Association under the direction of the 
volcanologist in Kona and Hilo. 

'l'he l}il:wea station operates horizontal pendulums of the Bosch-O111o ri type 
nn rl r ereives t illle by wireless from the l:lonolulu Naval Station. Ohse1·vatory 
Lat. 19° 25' 54.3" N .; Long. 155 ° 151 39.6" ,v.; elevation cellar 1214.6 meters 
(3985 f eet ) . 'l'he Hilo and Kona s ta tions operate horizontal pendulums. 'l'heir 
seismograms are sent to t he Obsen ·atory. 

'l'hc H awaiian Volcano Research Association founded t he Observatory in 
.1911 , trnnsfcl'l'ing the plant to the Governmen t in 1919, but co11ti1111i11g coopera­
t ion in experimental work by furn ishing funds and apparn.tus and workers :1s 
needed by the Government Volcanologist . It is a co rporation uncle•· the !all's 
of H:iwaii, governed by a board of directors, nnd finan ced by the subscriptions 
of its members nnd patrons. Its aims :tre identical with t hose of the Obsen ·a­
tory, namely, (1) To keep record of Hawaiian volcanism, (2) 'fo attract vol­
canologic specialists to Hawaii, and (3) 'fo promote worldwide knowledge of 
volcauoes and earthquakes and the foundation of more volcano observatories. 
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VOLCANIC CONDITIONS IN DECEMBER 

Activity of Halemaumau and General Notes 
'rhe fire pi t remained inacti ve throughout the mont h ancl showed f'Cw indica­

tions of c·hanges in vokanic co11ditions. ThP seismographs, however, showt'.\d 
some interesting f catur<cs. 

At the time of a perreptible ear thquake December 2-1 at 8:43 p. m. t here 
\\'US a spurt of tilt to the north. With t l:oe Observator.v !orated on t he northeast 
crater 1·im, accu mulation of tilt north and east of Halemaunrnu ca11 be taken 
to mean ri se of magllla \\'ithin the volcano edifice. 

Slides in the pit were infrequent during the lllOnt h. One large sl ide was 
noted Decembe r 3 at 10 :ii5 a. nt. 'l'hc north \\'all \\'as rather thickly eoated 
\\'ith \\'hitC' salts early ii, the n,ont h. 

JOURNAL DECEMBER, 1928 

/ 

December 3. Much dust from slides north and northeast occurred from 10 :30 ...._ _ 
to 11 a. m. At 10:55 :1 . 111. there was a big a valanche nt t he north, with n spread-
ing column o~ dust north\\'est -southcast risi11g ftolll the pit. 

December 4. The r<.'cl north \\'a,l1 is heavilv <'O::ttecl with "'hitc snlts. but 
many \\'h ite fragm~nts are o,·cr the whole of· t he nor th talus. Much of the 
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nel\" clcbl' is is ly ing bctwce11 nol'th a 11cl nor thl\"est taluses. The sli des were from 
t he nor t h l'i m. 

T hCl'C is extrnor cl inal'i l_y little steaming a nywhel'e. 
Decem ber 19. At 11::30 a . m., t11·0 fresh s pots on t he walls were 11oticed. 

One \\"as _iust above the top of the 11 o rth talus; one in t he michrnll aho,·e t he 
11orth-11 orthcast talus. A few rock fo ils were heard. 

D ecember 20. No cha 11gcs were obsel'ved at 10:30 a . 111. M uch steam rose 
from t he so uth-sout heast talus a nd the so ut h cone. T he nol'th wa ll was salt 
coated. 

D ecember 23. A d usty slide 011 nor t h w,1 11 was o bserver] r,t 3 p . m. 
December 24. ro t ha11ges noted at 10 a. m. Cones we l'e stea ming. 
December 28. New steam nack s l'epol'ted on nor t heast s ide of ce11tel' cone, 

also a fresh ava lanche scnl' on the n ol'th r im. 

SEISMOMETRIC RECORD 

Thcl'c \\"e re 31 local cal' t hquakes r cconle<l hy the scismog,.a phs at t he Ha­
waiian Vol cano Obser vatory duri11 g t he month e nded a t midn ight December 3 1, 
1928. T lmse and other phenomena a rc l isted below. The time used is IIawaiia n 
st anda rd (time mcl'i clia n is 157° 30' 'vV.), l\"hi ch is 10 hours a.ncl 30 mi nu tes slower 
t ha n Greenwich t ime. 

The grea t e r n umber of the very f eeble loca l s hoc,ks coun ted in the list make 
s uch minute r ecords t ha t th\J cha ract er of the cl isturlrnn cc is not always appa r­
ent. Some are true ea r t hquakes; others are perhaps t he parts of greater a mpli­
tuclo of a contin uous or pr otracted t re mor, which a t ot he r times may be too 
f eeble to r ecord ; some se<'m to he reconl s of vibrations set up b.v avalanchtes 
i n H ale ma uma u. 

Ou Der ember 22 t he re \\"er e scvcrnl seismic distu rba nces too faint to record 
as eart hquakes. 

Abbrevia tions used below arc as follo l\"S: vf, ve ry feeb le ; f, feeble; s, slig ht ; 
m , modera t e; cl , instruments dis ma ntled ; fl, f el t locally; 6, i11 cl icated distance in 
m iles; *, conti nuous tremol'. 

Local Earthquakes 

D ecember 
il 6:17 p.m. v f. 6!J.3. 
6 !l:40 p.m. vf. 
7 4 :58 a .m. v f . 

10 :43 a .m. vf. 
11:13 a.m. vf. 

8 2 :20 a .m. vf. 
6 :02 a .m. vf. 

10:18 a.m. vf. 6 10.!l. 
1 :26 p.m. vf. 
2:35 p.m. vf . 

10 7 :22 a .m. vf. 
12: 14 p.m. vf . 

Teleseisms 
No ne r ecor cled. 

H armonic Tremor 

Dcce111bcr 
12 :41 p.m. v f. 
12 :56 p.m. vf. 
9 :47 p.m. vf. 

11 lO ::ll-J0 :32 a .m. vf . * 
11 :19-11 :22 a.111. v f. • 

13 1: 21 a .m. \"f. 
4 :21 a. m. vf. 

Hi 12 :00 noon d . 
l 7 8 :05 a .111. vf. 

3: 33 p.m. d . 

Dcrcmber 
22 1 :40 p.m. vf. 

1 :42 p.m. vf. 
2 :05 p.lll. Yf. 

2:3 1 :41 a .m. vf. 
2 :28 p.m. vf. 

24 :3:48 a .m. vf. 
8:43 p.m. vf . 6 10.9 fl, 

25 10 :13 p.m. vf. ·6 12 fl. 
30 5 :47 p.m. d . 

Severa l very f eeble seism ic dist u r ba nces on December 22 too fa i11t to r ecord 
m a_v hn.ve been parts of har moni c tr emor. T his may a lso be t rue of t wo s hort 
spells of rontinuous t r emor on December 11. 
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Microseismic Motion 
Microseismic motio n was s light t hrc ughout the 111011 t h, with a sl ight inc rease 

the night of December 5-6. 

Tilting of the Ground 
By weeks this mov<'ment was as fo11ows, 'C'xpressed as a nguh, r ~hange and 

direction of mot ion of t he plumb line : 

November 28-December 4 .............. . .... 2.0 
December 5-11 ........... . ....... . . . . . . .. 0.:5 

12-18 ...... ... ... .. ..... ...... .. 0.9 
" 19-25 ........ ......... .. ........ 1.4 
" 26-J a nuary l , 1!)29 ..... .. ...... l.7 

seconds NNE. 
second -:\TE. 

" SSW. 
seconds N. 

' ' SS\•V. 

EARL M. BUCKI).TGHAM, 
Associate E ngineer. 

------- -
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Black spot shows location of Observatory. 

All exchanges, gifts to library, news notes about Pacific volcanic and 
seism ic even ts, and correspondence should be addressed HAWAIIAN VOLCANO 
OBSERVATORY, Hawaii National Park, Hawaii. 

The Observatory is operated by the U. S. Geological Survey, and its work 
is supplemented by the Hawaiian Volcano Resear ch Association. The main 
station is 011 the northeast rim of Kilauea Crater. Subordinate seismogrnph 
stations are opernted by the Research Association under t he directio11 of the 
volcanologist in Konn and Hilo. 

'l'he Kilauea station operates horizontal pendulums of the Bosch-Omori type 
atHl rercives time by wireless from the Honolulu Naval Station. Observatory 
Lat. 19° 25' 54.3" N.; Long. 155° 151 39.6" W.; elevation cellar 1214.6 meters 
(3985 feet) . The Hilo and Konn stations operate horizontal pendulums. Their 
scismogrnms are sent to the Observatory. 

The Hawaiian Volcano Research Association .founded the Observatory in 
19U, transferring the plant to the Government in 1919, but continuing coopera· 
tion in experimental work by furnishing funds and a_ppara,tus- and workers as 
needed by the Government Volcanologist. It is a coTp\:r!"ation uncle• the laws 
of H,1waii, governed by a board of directors, and financed by the subscriptions 
nf its members and patrons. Its aims are identical with those of the Observ:1· 
tory, namely, (1) To keep record of H awaiian volcanism, (2) •r o attract vol­
canologic specialists to Hawaii, and (3) '.ro promote worldwide knowledge of 
volcanoes and earthquakes and the fou11dation of more volcano observatories. 
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