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No. I 

The new year found the I:tva in Ha:lemaumau ;pit essentially stationary, with 
a pattern of crags and lakes much lilrn t he illustrations in Bulletin of Augu t, 
1921. The lava column then r ose slowly. The liquid pools were covered with 
cru st and preserved .their ,rntlines with very little change. There was some 
hissing and snapping when gas accumulated under crust. ~~bout .Ta,nuary 2 
there was a spell of incrnased fom.taiuing when fifteen open splashing blow-holes 
were co•1nted, and some of .the lava fountains. were building small gro t t oes with 
sputtering and puffing. Fine vie11·s were hacl from the southeast side, the furn< 
was t hin, and occasionally" the crust broke up and made a brilliant displ ay. At 
t he end of the first week in .Tanuary the number of fountains diniin.ish ed and 
t he glow becarue dull over t he frozen pools, these events bei1.g signs of rising 
lava. A newly uplifted peninsula changed t he fo rm of the western arm of the 
lake. 
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The two southwest rift wells were sending up hot transparent gas and 
li1.ing their walls with red dust brought up from· below; sometimes the rush of 
gas was strong enough to blow out small pebbles. 

By the middle of J a<n uary the liquid lava in the fire-pit stood 335 feet below 
the rim , with daily :fluctuations. The fume was thin and the floor and vari -colored 
wall s of the great cauldron could be seen plainly. The bottom area was pic­
turesque with mom.tainous crags reaching heights of 125 feet above the pools 
in the valleys. From five to ten fiery fountains were a,lways in evidence, two 
or three of them in the east pond where the crust often cracked up and re­
vealed an expanse of liquid melt. Occasior.ally the liquid overflowed the banks 
of t he west and southwest pools, and encroached on the marginal talus slopes. 

The southwest oven cone contain ed visible liquid lava for down i ts well, 
and the rift tunnel leading to tho wells ·was sometimes brilliantly lighted at 
night wh en the crust broke up on th e la va pool at its entrance. 

B y t he third "1..-eek in t he month t he rate of rising had increased from one 
foot per cl ay to two feet per clay, and tho lakes \Yere 315 feet clown, maintain· 
ing a sluggish activity. There were ome brilliant di plays at night, when the 
pools broke up their crusted surfaces and a. flood of seething molten matter 
illumined the fum e clo ud above. This wa follo wed by consolidation of th e 
surface, and ·ometimes t he pit became dark, ,,·ith only four or five blow-holes 
wh ere lava. founta ili s were spi tti ng. 'rhere \YCTC recurrent spells of increased 
gas pressure, with formation of blowing and flaming cones on t he bank of th e 
lake·. The high est crag rose bodily 25 feet in twenty-one clay , ancl on J anuary 
23 this peak stood 193 feet below t he rim . Th e rising had as yet mad e little 
show, as it affected chiefly the harcl lava bcncbe ancl crags, and relative to 
these the la,kes appearecl lower. Th e interior Janel cape of i olated pools au,l 
crook ed lake amid rocky debris slopes and precipitou reel crag was now in 
plain v iew clay ancl night. Th e soutl11,est ri ft well were now blowing less and 
glo1Ying more. 

The upward pressure of the lava, wedged within the rift crack or fault 
that crosses the pit from south west to north ea t, had clisturbccl the rim, so that 
abont January 6 the northea t surveying station had fallen in, ancl much of the 
oclge of H alemaumau on that side hacl caved away. Other changes in th e upper 
margin had taken place on the 1YC t side. 

A t the encl of the month the lake were ~tatiouarv 312 feet below the rim. 
Crags wer e rising very slow]~- - The liquid la,a purte°cl sli htly ancl overflowed 
the floors January 24, but most of tlie time the pools were co,erecl with crust, 
an:! sometimes only three or four fountaining pot in cone- hapecl cups were 
all t hat could be een of the glo,dng melt. 

The fume frequently became thin. J..Iovement of the crags among th e pools 
produced from their fl anks noisy avalanche . , 'ome of the reddi h slopes en­
circling the fl oor area were bein" buried under extending cove ancl flows from 
the lava lakes, as though a new ring-pool might ooh urrouncl the gTeat clust er 
of crag masses. A small central island wa ri ing bodily 40 feet high above 
the principal lake. '.l'hc noises were his ings, pla hings and the occa ion al crash 
of fa llin g tones. '.l'h c platforms constituting the lake margins were rising most 
in the center of t he pit, so tha.t the radial arm of the lake howecl sho1·elines 
lower towards t he outer circumferenc . 

The rising movement ma.de t he cavern at the south\Ye t margin of the floor 
area appear lower, for the liquid pool insi de it wa coming up. Over the 
interior of t his cavern lay t he ope11 rift wells sending up very hot gas; t hese 
might be approachecl to within a few feet, ancl tho well nearer to Halemaumau 
was surmounted by an oven half-dom e lined ,Yith lava talactite . 
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JOURNAL. 

December 31, 1921. At 2 p. m. the fume within Halemaumau pit was mod­
erately thin and the entire floor wa visible. The central pool was h avily 
ru tecl. even fountaining m·eas wel'e i11 action . 'ear southwc>st pool a gas-

ven hi secl loudly, but el ewhere t here was lit tle noi . e. The lakes w re u1·­
rounrled by platform bnnk about t n feet high . 

J a.uuary 2, 1922. The lake were now 335 feet below t he <lntum station on 
rim of pit and t ho south crag peak tood 117 feet above lake level. At 4 p. m. 
fume wa s t hiJ1 there wa ome hi ing, and fifteen fountain were iu action. 
Ther wa pla hing and puffing at small bol'der gl'ottoe . From t he soutlnnist 
ide a. iine vie\\" of the \\'hole pit wa obtained. ra ·king :ind foundering of 

crust wn ob erv d. 

J anuary 4. A t 3 :30 p. m. the lake were cru ted, only eight fountains ,Yere 
een, and hi ing occurred where ga. accumulated under crusts. The cru ts " ·ere 

snapping. 

January 6. 'l'be glow at night was lull, but a brilliant brenking up occunecl 
at 1 a. 111 . At 11 a. m. acti,i ty wa a before. The outhwe t bay of main 
lake had joined the west cove in a hook along base of we t wall of pit; the west 
i: la nrl had ri 11 and tipped north, .ioinin "' across t he channel whieh formerly 
lecl radially from centra l lake to w st cov . There were num rou r ports of 
avalanche from the north ca t w:111, and I he northens un·eying . tation, on 
ground remnant from th 1919 :i tivit:v wa · founcl to have fal len in JeaviJ1g 
the rim of pit on that side farthe 1· back b about t n feet of width for perhaps 
100 feet of length. 

January 10. At 10 a. m. fume wa thin and five fountaining patches n·erc 
in action. Three of these were iu ea t pond, there wa one in central lake and 
a spatter g rotto was being built up at the end of . outhea t arm. ever:1.l t imes 
t he eru t was en to br ak up on t he we t pond. 'l'h re wa one his ino- ga 
vent at we t pond and everal near ea t pone]. The lake le,· J appeared abo11t 
one foot lo\\·er than t he ov rflow lev 1 of th last stream t ha t had invacl d the 
ba of the tal us. 

J anuary 11. At 11 a. 111 . ga his ing wa loud r. The a. t pond howerl 
more a ·tivity of fountainina and breaki ng up of crust than t he other pools. 
There was one fountaiJ1 at end of ou thenst a.rm and one in west pond, while 
four w re 1.\ ually playing in ea t pond. The pool at outhwe t rift t unn 1 open­
ing in the pit \\'all showed molten lava, and red hot hwa. could be _een down 
the well of rift oven. 

J anuary 12. At 9 a. m. gas hi sing ha d decrea d. All the lake howet1 
crnsts occasionally cracking and founderi ng. h fountains were counted, two 
of them in ea t pond, where cracking and fou nderin g was most per istent. A 
small pond r emain d in the mid t of the north crag jnmble. Out of outhwe t 
rift cavern a recent lava. flow had pour cl in to the . outhwest a rm of the lake. 

J anuary 13. At 11 a. m. th ea t lake \\'as 3'10 feet below rim and the 
central lake 331 feet . The northwest crag stood 110 and the onth crag 129 feet 
above central lake. Fum was thicker and t he liquid Java app arecl to b a foot 
or two lower. 011. the previous afternoon there had been some lava flooding 
along the base of southwest ta lu slopes. 'mall avalanche. were ecn to fall , 
from northwest wa ll of pit and from cast crag ma... There wer e sLx fountains 
in t he pit, three of them in the cast pond, wh ere br ak-ups were frequent. 
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J anuary 15. At 3 p. m. the liquid Java appeared two or th ree feet lower 
than on the 13th. f:;even fountaining patches were counted, the t:ast pond was 
the most active, and the general situation was unchanged. 

J anuary 17. At 11 a. m. the liquid lava appeared higher and gas hissing 
was noticeable. Four fountains were seen. A general breakup was seen to 
~pread rapidly over the main lake region, beginning in southeast arm pool and 
spreading to central, soutlrn·est and 11·est cove pools. East pond 1·emained open 
and active as before. A spatter rampart of March, 1921, which hacl been a 
conspicuous hump in rim of pit at the old west niche locality, was observed 
to have fallen in. 

• J anuary 21. At 4 p. m. there wern seven puffing pots in the crusted lakes. 
The west cove was now a separate pool. The ridge of debris which had lain 
acrnss mouth of southwest rift cavern inside Halemaumau "·as now not more 
than 50 feet above the fill below. The east pond showed high walls around its 
cup. A bright fountain was in action in the extreme northern cove, north of 
the north tower crag. Cracking and foundering of crust were observed in tho 
southwest bay. Central island was now a large mass standiug high. There 
were flaming cones on the platform bordering southeast arm. At the· bottom 
of rift oven-well, about 150 feet dowu, a glowing crack in hot bva could be 
seen. The lower 1·ift well was blowing less noisily than before and emitting 
stronger gas. 

J anuary 23. At 11 a. m. measurements made west pond 306 feet, southeast 
arm 313 feet, and east pond 319 feet below rim of pit (northeast datum- level), 
showing as usual that the source well of highest upbuilding was at the west 
and the sinkhole of lowest drainage at the east. 

Lakes were quiet and crusted, wi th four fountaining areas. The liquid lava 
had been overflowing the banks of lakes, invading the talus north and south 
of the southwest bay ancl of the east pond respectively, and pushing all along 
the wall opposite west pon d. A new puddle had formed in southeast wall­
crack. A little puffing was heard al!d some h eavy snapping. Cracking and 
foundering took place in east and west ponds. A crack had developed athwart 
the middle of central island, and sulphur stain appeared at numerous blowing 
cones. An elongate peninsula of floor uptilted to the northwest now separate,1 
the central lake from the west cove pond. The fill of the rift cavern was appar· 
ently a cove of the southwest bay. 

There was a shore bench on the " ·all side of the cast pond, immediately 
under tile place wl1ere the rim had fallen in near northeast station. The old 
cone in the central valley was smoking. Driblet overflows had piled into the 
talus at southeast encl of southeast arm, and there was driblet lava heaped all 
around southwest side of south peak. There was s'till much of the October 
veneer and shelf left clinging on the "·alls of Halemaumau. Hot transparent 
gas was r ising noiselessly from the two south ~rnst rift wells. 

January 24. At noon the fume was ver.v thin, there were hissing noises, 
and the lakes appeared to be rising. A puddle of live lava at the southwest 
bay was sending out flows over the crusted area on all sides. The crusts of 
north cove and east pond ,Yere cracking and foundering. Spatter cones were 
11ctive about southwest bay. Five fountains were counted, three of them in 
the east pond. The western a nd northwestern overflows were trickling over the 
foot of the talus. 

January 26. At 4 p. m. the cups around the lakes were four feet deep. 
Six open puddles wer e seen, only two of which were fountaining. The west 
cove pond was again a hooked cove attached to soutlrn·est bay. 
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January 28. At 10 a .. m . measurements showed that the lava column was 
rising but slowly, t here were only four fountains, and t he noises were of hissing 
and plashing. The centrnl i land was 40 feet high a.nd motion was indicaterl 
by a fall of rock from the south end of the east central crag mass. There were 
two cone pots at the edge of we. t cove pond, and one each at southeast arm 
and at west pond. Th e bank on east side of southeast arm showed progressive 
uplift increasing fro m outh to north as though the southeast crag wern being 
uplifted and sliding on the fault-plane of the ea t entral valley. Further evi­
dence of t his was a crack in new lava across the wall valley southward, in lin e 
with the upraised bank. Similar moveme11t with maximum uplift toward center 
of pit, was shown by t he west side of the south crag sector, where t he bank 
was t hree feet high at central lake ancl only one foot high at south west bay. 
Other such movements had been pronounced at northwest penin ula as part of 
the block n01·th of southwest arm, where the ~·hole sector was tilted northwest. 

A ledge of the west crag had been r ising aud fresh tumble lay at its b ase; 
there was new fallen rock al o on northwest slopes of the southern crag . A 
fo untain broke out in a small spatter grotto at southwest bay. The roof of 1·ift 
tunnel wa low and fresh debris lay on the floor beneath it. There was a freshly­
broken face on the north side of the central island. Fresh driblet and festoon 
flows covered floor areas at the we t. The nol' t heast l'egion was a t umbled mass 
of crags, floors aud debris . The crag bluff east of central lake howecl largo 
l1roken faces of reel rock. 

January 30. .At 9:30 a. m. there ,,as fresh flow lava submerging t he 
debris of the southeast wall cr ack. Four fountains wer e counted. The pool of 
t he southwest bay was flush with its eclgc and the east pond one foot below 
i ts edge. teady hi sing was heard. It was evident that liquicl lava was en­
gulfing wall-crack debr is. 

Ja.nuary 31. At 2 :30 p. 111. signs of rising were eviclent. There ,ms strong 
overflowing of banks of lak es everywhere iuto talus ancl along the wall-crack. 
With outhwest wind after r ain, blue fume was coming up both rift wells. 
Fttme from pit was t hin and t he whole bottom area was visible, only two or 
three fountains being in action . Glowing floods poured from southeast arm to 
t he wall -crack; northward an cl southwar d from th e cast pond; from the west 
pools to the talus, the west cove and west pond being connected, and t he south­
west bay flooding level with t he pool in rift cavern and showing no outl ine. 
Th ere was overflow from tho nor t h cove across the northwest peninsula. Th e 
bases of all t he crags wel'e sli ghtly uhmer,rod. Gas was h is ing through cracks. 

LAVA MEASUREMENTS. 

Measurements of depression of the mobile lava column, r eferr ed to north­
east station on rim of Halemaum an pit (3727 feet above sea-level), for the 
month ending January 31, 1922•, including- crag peaks of bench magma and 
meau liquid level of lake magma, were as follows : 

Dec. 
J an . 

" 
" 
" 
" 
" 

Mean lake 

26, 4 p. m • . . ... . . . . .... . .. . . . . . ..... 
2, 4 p. m .. . . . , ... . ..... ... . . . . .... . 

13, 11 a . m .... . . . . .... . .. . ... , .. .... . 
23, 11 a. m ..... . . .. . ....... . ... . . . . . . 
24, 12 noon . ..... .... . .. . . . .. .... . . . . 
28, 10 a. m .... . ...... ... . .. . ..... ... . 
301 10 a, 111, •• • , •• • •• , • , , , • • •. • , •• , , , , 

level 
344 feet 
335 " 
335 '' 
313 ,, 
312 
310 
312 

" 
" 
" 

So ut h r orthwest 
crag crag 
225 feet 
218 " 
202 " 221 feet 
193 " 207 " 
192 " 205 " 
189 " 202 " 
189 " 
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Progre~sive changes were a. fo llo ws fo r t he liquid lava : 
Dec. 26-Jan. 2, 7 days, lake 1·ose 9 feet, averaging per day ........ . . +1.3 ft . 
• Tan . 2-13, 11 days, lake stationary, averaging per day . . . . . . . . . . . . . . . . . 0.0 '' 
Jan. 13-24, 11 days, 1ake TO e 23 feet, averaging per day .. . ..... . .. .. . +2.1 '' 
J·au .. 24-30, 6 clays, lake stationary, averagin g per clay. . . . . . . . . . . . . . . . . 0.0 '' 

Progressive flu ctuation in level of south cr ag summit was a· follows : 
Dec. 26-Ja ll. 2, 7 days, crag 1·0. e 7 feet., ·averaging per day .. . . .... +1.0 ft. 
Jan. 2-13 .. .. .. 11 days, cTag ro e 1G feet, averaging per day .. .. .... +1.5 " 
Jan. 13-2:l: . ..... 11 day, crag rose 10 f eet, averaging per clay . . ...... +0.9 '' 
J2n . 24-30 .. ... . 6 days, crag rose 3 feet, averaging per clay ........ +0.5" 

N orthwest crag summit moved as follows : 
Dec. 21-Jan. 13, 23 lays, crag rose 20 feet, averaging per day . . . . 
Jan. 131-24 ........ 11 days, cra g rose 16 feet ,averaging per day . .. . 
Jan. 24-28 .... . . 4 clays, Mag rose 3 feet , averaging p er day . . . . 

Relief of peaks above lake was as follows : 
Dec. 21. . ... . . . . so uth crag 123 feet, north west 
Dec. 26 " " 119 " " 
Jan. 2 " " lli " " 
J an. 13 " " 133 " " 
Jan. 24 . . . . .. .. " " 120 " " 

crag 
" 
" 
" 

94 feet 

114 feet 
107 " 

+o.9 ft. 
+ 1.5 ,, 
+0.7 , , 

J an. 30 . . .. . . .. " " 123 " " 
'l'hc fo llowing table ·hows comparative monthly cha nO'CS 

108 " (J an. 28 ) 
of level fo r mean 

la ke lav a and mea n crag lava begi nning 11·ith July, 1921: 
July l iquid lava - 22 feet, bench lava 
August " " + 119 " " " 
September " +138 " " 
October " -259 " " " 

ovember '' '' 18 '' '' '' 
Deeinnber " " + 16 " 
January " " + 25 " /' 

SEISMOMETRIC RECORD. 

- 14 fee t 
+11 " 
+15 " 
-253 

:?l " 
+ l " + 29 " 

Dming the month ending midnight January 31, 1922, thirty-six local earth­
quakes and seven distant shocks 11·er registered at the observatory. These ancl 
oth er earth movements are exhibited below. Distance of origin when indi­
cated by the in. t nnn en tal record is stated in English miles. Time is Hawaiian 
Stand a rd of meridia n 157° 30' w·, 10 h. 30 m. slower than Greenwich . 

Local E art hquakes. 
J anu ary 1 ... . 4:25 a. 111 . Very feeble. 

" 1. . .. 1:14 p. m. Feeble, distance 16 mile . 
" 2. '' ' 6.22 a, , m. F eeble, azimuth 'E -NW. 
It 4. '' . 8 :21 a . m. Very feeble, distance 9 mile 
" 5 . ... 5:45 a.1n. Ve1·y f eeble. 
" 5 . ' '. 6 :45 a. ITI . " " 
" 5 . •'·. 6 :52 a . n1 . " " 
" 5. ' .. 7:11 a. n1. (( (( 

" 5 . . .. 7:26 a . m . Feeble. 
5 ... . 7: 33 a.m. Very feeble. 

" 8 . . .. 12 :31 a. lll . It " 
" 8. ' ' ' 4 :18 a. Ill. " " 

8 . . . . :06 a .m. " " 
" 11 . . .. 10 :14 p. Ul. Feeble. 
(( 11 .... 10 :17 p. 111 . Very feeble. 
" 14 . ... 10:14 p. rn. " " 
" 16 . ... 8 :11 a. m. (( " 
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January 16 . ... 7 :49 
" 17 .. .. 2 :32 

" ]7 .... 5 :57 
" 17 .... 6 :30 

18 .. . . 5:17 
" 19 .. . . 6:02 
I( 19 ... . 6 :21 

" 20 . ... 7:22 
I( 21 . .. . 7: 53 
" 22 ... . 4:07 
" 22 ... . 6 :16 
" 2-L . .. 6 :32 
" 24 . ... 11: 34 
" 25 .... 5 :53 
I( 26 .... :35 
" 26 .. .. 10 :23 
II 27 .. .. L:52 

30 . . .. 12 :21 
" 31. .. . 12 :_o 

Teleseisms. 
January 1, 9:30 a. m. 

'' 4, 10:00 p. 111. 

" 
" 

16, 5 :53 p. Ill . 
21, 5 :06 p. m. 
22 :-!± a . m. 

'' 25, 11 :04 p. JU. 

" 31, 2 :5-;t a. DL 

Spasmodic Microtremor. 

p.m. Feeble. 
a. Ill. " 
a. Ill . ' ry feeble. 
a. m. " " 
a. 111 . " I( 

p. m. " " 
I · 111. Fecbl distance 12 mile, 

Mauna. Loa. 
p. m. Very feeble . 
p . m. I( " 
a.m. I( " 
p. m. II " 
a . m. II " 
p . rn . I( 

p . ]]] . " " 
a . m. 'lisht, cl i tau ·e 40 mile~, 
p . rn. Very feeble. 
a. lll . " 
a. n1. " 
a.m . " 

~Ioderate. 
Ver~, ~light. 

" 
I( 

" 

:Moderate, distance 2300 
}Ioderate. 

" 
" 

miles. 

' trono-, cli tance 2 00 miles. 

felt on cast slope of 

fe lt in Koh ala . 

This type of tremor, by 1~eeks, beginning December 31, was regi te1·ed a 
follow : 
D ec. 31- Jan . 6. 
Jan . 7-13. 
Jan. 14-20. 
Jau. 21-27. 
Jan. 2 -Feb. 3. 

Slight to moderate. 
Moc1erate to light. 
'light. 
'li6ht to moderate. 

,Slight. 

Harmonic Microtremor. 
This type of tremor wa very slight. 

Microseismic Motion. 
Amplitude of micro eism ,ms as follows : 

Dec. 31-Jan. 6. light. 
Jan. 7-13. " 
.:kln. 14-20. " 
J an. 21-27. light, some iucrea J anuary 27. 
Ja11. 27- Feb. 3. Slight. 

Tilting of the Grou..-id. 
B y weeks, t his movement was as fo llows, expressed as ~ngular change and 

direction of motion of pl umb-lin e : 
D ec. 31-Jan. 6. 3.2 seconds S. 
J an . 7-13. 1.9 " NW. 
J an. 14-20. 1.9 SE. 
Jan. 21-27. 3.1 " 1\TNE. 
Jan. 28-Feb. 3. 3.2 ' ' S 'W. 

T . A. J AGGAR, 
Volcauolog-ist. 
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l<.ILAUEA .SECTION 
OF 

HA\NAI I NATIONAL 

Lc9,u,d 
Oorarnrnanl Ro od 
Trtnl 

Black spot shows location of Obser,atory. 

All exchanges should be addressed to liantly colored lava slopes, has a summit crater S 
mil es long by 1 ½ miles wide, with walls 700 feel 
high, and when in action fountains of fire froth are 
here jetted 500 feet into the air. Every five or t en 
years splendid spectacles of lava eruption are staged 
on the mountain, sometimes f-rom the lower flanks. 

HAWAIIAN · VOLCANO OBSERY ATORY, 

Volcano House P. O., Hawaii. 

The Observatory is equipped with the following 
~eismometr lc instruments rebuilt at the station in 
1918 for t"he special needs of volcano research: two 
Bosch-Omori pendulums, high-speed registration of 
local earthquakes; one optically r ecording seismo· 
ITT•Ph for distant earthquakes; one clinograph register• 
ing E-W ti lting of the ground . A vertical component 
.eismograph was in December , 1918, set up in ex­
per imental operation. These are seated on concrete 
piers in a closed basement room h aving practically 
constant temperature, beneath the chief Observatory 
building near the hotel. Time is referred to a rated 
chronometer, checked at intervals by wireless signal 
from the Pearl Harbor Naval Station. The chrono­
meter is loaned by the University of Hawa ii . Ha· 
wniian standard time (H. S. T.) is 10 hrs. 30 min. 
slower than Greenwich time. Observntory Lat. 19° 
25' 54.2" N.; Long. 155° 15' 39.2" W .; Elevation 
1214.6 meters (3985 feet). 

HAWAII NATIONAL P~RK. 

This park was created by act of Congress August 
1, 1916, and includes three famous volcnnoes-Kilauea 
and Mauna Loa on Hawaii and Haleakala on Maui. 
Frequent passenger steamers ply between these islands 
and Honolulu. 

Haleakala Section-Haleakala, • 'house built by the 
sun," a peak more than 10,000 feet high, carries an 
immense fissure-like cr ater 8 miles long and 3 miles 
wide, with walls 2000 feet high. Here, as well as 
on Mauna Loa and Manna Kea, grows the Silver 
Sword (A_rgyroxiphium). Thirteen volcanic cones lie 
w~olly within the ~rater , some rising nearly to the 
height of the summit. The scene at sunr ise is mar­
~elously beautiful. 

Wailuku is the point of departure, automobiles tak­
ing the traveler to Olinda, a summer r esidence set­
tlement 4043 feet high. After 2 hours drive to this 
point. saddle horses are taken to the summit a r ide 
of 3 ½ hours. Here is a fine concrete rest house 
b~ilt _by the citizens of Mani, and fully equipped 
Wlth iron beds, blankets, stoves and cooking utensils. 

Mauna Loa Section-Mauna Loa a vast dome 
18,675 feet high, reached through ' forests of Ha­
waii.., mahogany (koa) and tree fern, then up bril-

There are trail"s on the Kona side, and also from 
the southwest, but the usual an d best route is with 
saddle mules from the Kilauea section to Puu Ula• 
ula (9800 feet), a ride of six hours. H ere there 
is a fully equipped cottage with stables and water 
supply. From this point on the second day a four­
hour ride takes the visitor to the summit crater, 
where there is water. A right of way within the puk 
connects Kilauea with Mauna Loa, where eventually 
a road will be constructed. The views are glorious 
and the chasms, cones and contorted lavas indescrib­
ably chaotic. 

Kilauea Section-The lakes of foaming fiery lava 
within the crater of Kilauea form the most spec­
tacular exhibit in the Hawaii National Park, if not 

) n the world. The pit of fire, Halemaumau, is inside 
of the main crater, at the apex of a broad, flat, inner 
cone.. Kilauea is a dome volcano 4000 feet high, 
overndden by the lava slopes of Mauna Loa on the 
west. so that it seems but a spur of the greater, and 
perhaps younger, slag-heap mountain. 

The Kilauea Park and the inner pit itsel! are 
both reached directl~• by automobile fr om Hilo, the 
second city of the Territory of Hawaii, and there 
are excellent hotel accommodations. The distance 
from Hilo is 30 miles. Within the park there ar e 
1 5 miles of roads and about 20 miles of trails. As 
shown on the map, there are · a dozen ancient p its 
with.in the area of the park, as well as cones, caverns 
and hot solfataras and a strange desert where lava 
fl ows have poured out of cracks as r ecently as 1920 . 

The live pit of Halemaumau is easily accessible 
and not dangerous. Frequently one can walk to the 
actual edge of the splashing, fountaining lava lakes 
the lava column ri sing and falling from year to yea: 
so that its most distinctive character is ceaseless 
change. At night the spectacle is full of marvelous 
color, and the region is a paradise for artists photog· 
r aphers and naturalists. ' 

The several sections are under the control' of the 
Nationa l P ark Service of the Department of the In­
terior. The United States Weather B"ureau main• 
tains the H awaiian Volcano Observatory, which 
stands on the brink of the greater crater within 
the Kilauea P ark. 
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No. 2 

The end of January at Halemaumau pit showed a rising lava column, 
chiefly characterized by trickling and oozing liquid lava depre sed about 300 
feet b elow the rim wh en the month of F ebruary opened. The rise of the liquia 
portion was fo llowed during the first week of the mouth by a col'l'esponcliug 
lift of the craggy hills and islands which lay among th e crustecl lakes. The 
r ising movement was slow, one or two feet per clay, and the gas pressme w:1 s 
confi ned largely to expanding and lifting th e lava column, so that there were 
visible only four or five fountains at a time, playing at the borders of crusted 
lava pools. 

January 31 had been a clay of strongly rising liquid lava, so that the plat­
forms bordering the lakes were obliterated, and glowing floods streamed over 
the talus heaps around the margins of t he circular floor area. Th e crags stood 
as island masses in the flood,. and their former bases were subm erged. Only 
two fountains were visible. The fum e was excessively thin so that t he whole 
interior of Halemaumau was plainly vi ible. 
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After that the new border channels and the main lakes became heavily 
crusted, lava puddings oozed through cracks, jostlings of the rising crag masses 
shook the walJs of the pit so as to dislodge some loose rnck, and hissing cones 
formed on the frozen surfaces of the lakes. 

Sheets of white steam, occasioned by heavy rainfall, rose from the 191!) 
and 1921 flows on the floor of Kilauea crater, ancl the rift wells so uthwest of 
Halemaumau sent up liot steamy gas. 

During the seco.nd wee,k of the month slow rising continued, the crags ancl 
lakes alternating in their gains of higher level. The liquid lava reached a stand 
290 feet below rim of pit and the tallest crag stood 110 f eet higher. Four or 
five fountains we;re commonly in sight, t he lakes overflowed the pla tforms, and 
occasionally the pit became brilliant when t he entire crust of one or more· of 
t.he laikes broke up aucl sank. Hissing of gas through crust was audible. The 
rift wells of March, 1921, remained hot . 

The third week was characterized by thin fume ancl good seeing at the 
pit, and the crags and shore benches wern being lifted more in the center of 
the pit than elsewh e1·e, :mcl more than t he liquicl Jakes. The highest peak came 
up sixtee11 feet in ten days, the Java lakes ris ing one-half a much. 

During this rapid lift of the crag peaks there were avalanches. Then tho 
l:.lkcs took a spurt, overflowed tlte benches, and added :width to a ring of crusted 
lava pools a.rouncl the margin of the floor a.rna. The lakes mostly remained 
quiet, with small flam es at craoks in the crust. Quic;k breaking-up spells oc­
curred, however, from time to time. 

Down the hot rift well live lava could now be seen. There was still reJ 
heat to be seen in cracks a.long the north rim of Halemauman, where there is 
new lava dating from March1 1921. 

An earthquake was fe lt strongly all over the islancl of Hawaii about 8 
a m. Febrnary 21. Avalanches of rock fell from the high bluff west of Kilauea. 

Gradual rising continued in the fi re-pit. February 22 the lava lakps had 
been 1·ising more than two feet per clay and were 275 feet below rim of pit. 
The highest crag was 116 feet above laike level, a.nd the crags had been slower 
than the lakes in their r ising. 

The lakes were now crusted rouuclisl1 'Pools or cove mostly level with 
platforms of overflow adjacent to their margins. Ordinarily .five fountaining 
places could be count ecl . Some central islands had ri en and sptit open, stantl­
ing seven feet above the lake. There was much hissing and flamiug of gas, 
and fresh overflows arnun d t he lake margins showed festooned skins i n somo 
place , and lumpy driblet forms in others. Ru ty rock fragments lay whern 
they Jia.d been ja rrecl off the walls by the earthqu n!ke, and occa iona ll y falling 
ro0ks were seeu . Great cracks formed where the crag mat ter was i11 motion. 

JOURNAL. 

February 2. After a. heavy rain. tonn l:i ting everal day h ets of white 
~teamy vapor were rising from the 1919 and 1921 flows, notably along the edges 
of t he flow areas. 

A t 3 p. m. t he liquid lava in Halemaumau appeared to be till ·rising, thot1gh 
not mu ch change was observed iu t he crags. Floodh1g l1ad connected the cast 
JlOnd and southea-St arm along the wall-valley, entirely bu.rying the talus. The 
southeast a.rm had overflowecl and submerged its bank . There were tllrel'\ 
-fountains in east pond an cl one in west pond . On the crust of so uthwest bay 
were hissing cones. , The small south pe_a,k was nearly surrounded by pool ·. 
·Pahoehoc Ia·va was oozing up through cracks in the crnsted lakes. The rift 
cavern was low ancl tho rift wells remained hot with blue fume rising. Glow 
over pit was d.ull at night. 

February 4. Rain and steaming cont in.ued. .At 2 p. m. extensions of the 
t ri ckle flows on t h e floors were noticed. There were two fountain in east pond, 
on e in west pond, ancl a fountaining pot was active at southwest edge of south-

io 

... 



east arm. The east and west pond showed tendency to form border benches. 
New falls of rock la.y under so uth east and southwest bluffs of pit 1·im. Hot 
ga ro· e from the rift wells and fume was thin . 

Febn1ary 7. At 11 a. m. the mean liquid level was 295 feet below .Tim and 
the south crag was 113 feet high above the Java Jake at its base. The liquid 
Java had been extending the flooding of the platforms. Six fountains were in 
action. Flaming cones were hissing, a large one standing on west side of west 
cove pool. The central island appeared higher. Fresh lava was visible inside 
the rift cavern. A new northern pool Im.cl been created by extension of the 
west pond along t he northwest wall-valley. Five terraces of uplift were now 
discernible on the northwest crag mass along the eastern side of the west pond. 
The east pond had extended itself north and south . The ground was upheaved 
aud cracked in the northern and northeastern regions . Fume was V<'ry thin 
and the rift wells were scorching hot, depositing pale yellow flaky sublimates. 
Except during occasional breaking-up spells, the glow at night was dull . 

February 9. The lake was now rising two feet per day and the south crag 
one foot per day. At 10 a. m. the central island was found to have collapsed 
toward the southeast leaving only a small r idge a few feet above the lake. 
'l'he lalkes were higher and nearly flush with their banks. New festooned flows 
were trielkling and adding to the annular floor along the wall-valley. Th'e 
longest stretches of this wall ,lepression still occupied by talus were on the 
northeast and southwest sides of pit. Five fountains wern seen, all in the 
cr,st pond ancl southeast :um. Some new talus had fallen near the 1·ift cavern 
southwest. 

Februa.ry 11. At 9 a . rn. fume was thin ::mcl an avalanche was seen to fall 
from east crag mass. .Another avalanche at 9:19 a. m. fell from the Kilauea 
wall northwest of Halemaumau. .A small overflow from east pond poured to­
wards the south. The ci·ags appeared lifting 1·elative to the liquid lava, and 
notably so in the center. The new northern pool had collapsed. Th ere w'ere 
no central fountains, and five border fountains were building spatter rnmparts. 

February 12. At 2 p. m. the Jiquicl lava appeared rising faster than the 
crags. There were r ecent overflows southwa.rcl from southwest arm and east 
pond. A vigorous overflow from the west am1 pond was in process of extend· 
ing itself toward the rift tunnel. A trickling flow appeared to originate in the 
wall-crnck just north of the rift tunnel. oise of gas !1issi11g had increased. 

February 14. Fume wa now very thin over the pit, notably so on the 
13th. .At 9 a. m. the 14th there was found evidence of considerable flooding 
along the base of all the walls. Crust cra cked and foundernd rapidly in cen­
tral Juke leaving a peninsula extending out from t he south crag about one foot 
htgh. Entrance to rift tunnel was smaller by rn:ison of the filling from below. 
Remain s of central islaucl showed uplift away from center toward the east. 
The :filling along the wall-crack had left three pools along the north ancl north­
west sides of the pit. 

At 10 p. m. Jive lava could be seen in the clepths of the l'ift oven well 
making a faint glow on the walls above. In the pit many small flames issuer! 
from cracks in crust and vents on banks of lakes. There was a continuous 
fountain in the central lake and four fountains in action in east pond. In the 
northern fill some reel heat appcarecl in the cracks but the pools hacl distinctly 
crusted aucl cooled off. 

February 15. At 9 p. m. lakes were crusted except where fountains played 
along northeast borclcr of east pond. There was little fume . Some gas hissi ng 
was heard. A fountain brnke out at the west base of east crag mass. Glow 
appeared in the north pool region and under the northeast wall of pit. Fnme 
at rift wells was thiu and very hot. 

February 17. At noon lakes we1·e 287 feet below rim a.nd bad been rising 
kss than a foot a day, whei·ca the bench magma had risen twice as fast. Now, 
however, la!kes appcai·erl high within their cups, and east pond was overflowing 
towards the north aucl fresh over-flow toward base of walls were numerous. 
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The1·e were four or five fountains in all. There was a small islet opposite south 
crag mass in centrnl lake, ancl a peninsula protruded from east crag mass. 
South crng had tilted over until its south face was steeply inclined, and the 
southwest bay was extended into the r egion of southern wall-crack talus. South­
west rift tunnel was now low. A large flow filling that followed th e north wall­
valley lrnd been extending i tself westward into the west pond from a source 
at the north pool. 

February 18. At 10:30 a. m. the pit was very quiet and the air clear. Trickle 
overflows were creeping from the enst pond. Th e i slet in central Jake was now 
connected to south crag mass. 'l'he borde1· fill was everywhere widening. Tho 
la k cs were crusted but a rapid break-up was seen i n the west pontl. The 1·ift 
,vells were very hot and making a mild blowing noise, their interiors covered 
with pale yellow-green coatings. 

F ebruary 19. At 5 p. m. cracking and foundering of crust wai, seen at 
both encls of the cast pond, there was much hissing f rom under crusts, foun­
k1iu ing was confined mostl_v to I.he east and west ponds, nnd ordinarily only five 
founta ins could be counted. Lnkes were Jtigh within their banks a n:1 gradual 
r ising co11tinued. 'rhe central i sl:md remnants liacl been rising and the piece 
ndjacent to east crag mass had split along a north-south line. The two peniu­
sulas were now 7 feet high. 

F ebruary 21. Abou t 8 a. m. there -n·as a strongly felt and prolonge(l earth· 
quake making avalanches at both north and south ends of Uwckahuna Bluff. 
The northern slide was noisy. 

F ebruary 22. At noon·the cent ral, wc>st and ~outhcast lakes were all flush 
with their banks and the cast pond one foot below i'ts bank. Festoons c.f fresh 
o,·erflow lay at southeast cud of southea$t arm, s ix border fountains wrre seen 
to brea:k out at cast pond. New driblet flows hacl poured from the southwest 
bay. A fountaining grotto was in action at 1Ycst pond. The southeast '\\·all­
pool was freshly filled and hissing noises were heard. Xew talus 1n:v at the 
base of east wall of the pi t, and rock falls were heard at the northeast. T he 
"·est crag fragment was sunonndccl by new floor mntter. Southwest rift cavern 
was about 7 feet high. Fault cracks clue to uplift of tbe erags extended from 
their faces east and west of the southeast arm southeastward across the wall­
valley fill. The southeast crag appeared to be lifting independently of the east 
contra] crag mass along a fault fissure following the ,alley between the two 
crags. 

M easurements now showed that tho lakes had been rising between two and 
three feet per clay and the crags only half as fast. This alternation from week 
t<i week iu speed of rising of crags :ind lakes is a persistent habit of Hale-
1~1aun1au. 

F e'bruary 25. At noon only two fountains were in notion, gas was l1issin g 
through cracks in crust and lnkes were J1Carly flush with their margi1inl plat­
forms. Spel ls of brcaki11g-up of crusts were frequent. In the evening the 
illumina.tiou from pit was dull. Rift wells were sending up bot gas as usual. 

February 27. At 4 :30 p. m. lakes were overflowing their banks ancl the 
fili along the wall-valley had joined through from southwest ba)' to southeast 
arm. Fresh glowing pools lay alo11g the west a nd south walls. Two fountains 
played in the east pond ancl a small vent in the southwest floor emitted a flow­
ing stream. 'l' he cast pond was ove rflowing northward. Southwest rift wells 
were hotter, t heir interior coatings changing from yellow to brown. 

February 28. From 9 to 11 p. m. Halemaumau was quiet with one fountain 
in '\\·est pond and several in east pond. Cracking and foundering spells occurred 
in east poncl and southeast arm. The border fill s were eoverecl with glowing 
cracks, some of which were hissing. Fume was ra the1· thick er than it had been. 
In the rift oven darlk cherry r-ecl glow was visible, but only at night. 

LA VA MEASUREMENTS. 

Measurements of clep1·ession of the mobile lava column, made with transit, 
r6ferrecl to northeast station 011 rim of Halemaumau pit (3727 feet above sea-
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level), fo r t he month ending F ebruary 28, 1922, including crag pea,ks of bench 
magma, and mean liquid level of la-ke magma, were as follows : 

Mean Lake Sotrth Nor thwest 
Level Crng Crag 

Jan. 30, 10 a. n1 ... . .. . . . .. . .. . .. . ... 312 feet 189 feet 202 feet (Jan. 28) 
Feb. 7, 11 a . Ill . •• , . • • •• , . ..••.• , , . . 295 " 182 " 

" 9, 10 a. Ill , . . · ., . ... .. . . .. .. . .... 290 " 180 " 
" 14, 9 a . m ... . ....... . ...... . . . 295 " 170 " 190 " 
" 17, 12 110 011,, . .• • , .....•• , .. .•• 287 " 166 " 182 " 
" 22, 12 noon . . .. . .. .. . . ...... . . . 275 " 159 " 173 " 

Mar. 3, 11 a.m ... .. . . : ..... . .. .. .. . 259 " 143 " 155 " 
Progressive changes were as follow for the liquid laYa: 

Jan. 30-Feb. 9 . . . . .. 10 clays, lak e ro e 22 feet, averaging Jler day +2.2 feet. 
Feb. 9-17 .. ... . .. . 8 " " " 3 " " " " +o.4 " 
Feb. 17- 22 5 " " " 12 " " " +2.4 " . . . . .... . 
F eb. 22-Mar. 3 9 • " " " 16 " " " " +1.s " 

Progre siv fluctuation in level of south crag summit was as fo llows : 

Jan. 30--Feb. 9 .... .. 10 days, crag rose 9 feet, averaging per clay +o .9 feet . 
Feb. 9-li .... .... . " " " 1-t " " 

,, 
" +1. 7 " 

F eb. 17-22 5 " " " 7 " " " " + 1.4 " .. .. .. ... 
F eb. 22-Mar. 3 9 '~ " " 16 " " " " +1.s " ... . . 

Fluctuation of northwest crag summit was as follow s: 

J an. 2 Feb. 14 , ... . 17 clay. , crag roe 12 f eet, averaging per clay +o. 7 feet . 
Feb. 14--17 3 " " " 8 " " " " +2.7 " .. . . . . . . . 
Feb. 17-2~ (j " " " !) " " " " +1 . 8 " . . . .... . . 
1:~eb. 22-Mar. 3 9 " " " 18 " " " " +2 . 0 " . .. .. 

Relief of peaks above lake was as follows : 

Jan. 30 . .. . . . . .. . . south crag .123 feet 
" 113 " 
" 110 " 
'' ]25 '' 
'' 121 ,, 

(Ja n. 28) northw est crng .. . LOS fret 
Feb. 7.. . . .... . .. " 
" 
" 
" 
" 

9 .. ...... . .. 
14 . .. . ... .. . . 
17 . . . ... .. . .. 
22 .. .. . . . . . . . 

Mar. 3 . ....... . . . 

" 
" 
" 
" 
" 

" 116 " 
" 116 • " 

" ' ' '' 
" 
" 
" 
" 
" 

" 
" 
" 
" 

" 
. . 105 " 
.. 105 " 
. . 102 " 
. . 104 " 

The foll owi ng table shows comparative mo nthly clianges of level fo r mean 
lake lava a ncl mean crag lava beginning with J uly, 1921 : 

July . .. . . . .. liquid lava - 22 f eet, bench lava 
.August . . . . . " " +119 " " " 
Septem her . . " " + 138 " " " 
October . .. . -. " " -259 " " " 
November .. . " " - 18 " " " 
December . . . " " + 16 " " " 
J anuary .. . . . " " + 25 " " " 
February .. . . " " + 40 " " " 

SEISMOMETRIC RECORD. 

- 14 feet 
+us " 
+158 " 
-253 '' 

21 " 
+ 18 " 
+ 29 " 
+ 40 " 

During t he month ending midnight Feb rn ary 28, 1922, 20 local earthquakes 
a ncl no distant quakes were registered at the obser vato ry. T hese ancl other 
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earth movements are exhibited below. Distance of ongrn when indicated by 
the instrumental record is stated in E nglish mile. ·. 'l'ime is Hawaiian Standard 
of merid ian 157° 30' W., 10 h . 30 m. slower than Gree nwich. 

Local Earthquakes. 

F ebrua ry 1 . ... 3 :40 
" 3 .... 12 :33 
" 4 .... 7: 06 

" 6 . . . . 3 :19 
" 8 8 :28 . . . . 
" 10 . . . . 11:38 
" 12 .... 11:09 ,. 12 4:48 . . . . 
" 13 . . . . 2 :11 
" 14 . . .. 10:14 
" J4 . . . . 1 :45 
" 16 .... 5 :15 
" 17 .... 10:46 

" 19 . . . . 4 :26 
" 21 .... 7: 55 

" 21 . . . . 2:56 
" 21 . . . . 6 :00 
'·' 21 . . . . 6:58 

" 22 . . . . 1 :11 

" 24 10 :21 . . . . 
" 26 . . . . 4:33 

Spasmodic Microtremor. 

p. m. 
a,. Ill, 

a.m. 
p.m . 
a.m . 
a . 111 • 

a.m. 
p. 111 • 

a. 1n . 
a.m. 
p.m . 
p.m. 
p.m. 
a . m . 
a . m. 

p.m . 
p.m . 
p.m . 
a. m . 
p.m . 
a.m . 

Very feeble. 
Slight, distrinc.e 1,8 miles, azi mu t h SW-NE. 
Very feeble . 
Very feeble. 
Very feeble. 
Very f eeble. 
Very f eeble. 
Very feeble. 
Very f eeble. 
Very f eeble. 
Very feeble. 
Ve ry feeble , 
Ve1-y feeble. 
Very feeble. 
Moderate, di stance 20 miles, azimuth WN·w-

ESE. Felt over E half of Hawa ii, 
,Slight, distance 20 miles. Felt locally. 
Feeble. 
Very feeble. 
Very feeble. 
Very feeble. 
Ve ry feebl e. 

Thi· type of tremor, by weeks, beginning February 4, wa registered as 
follo\'vs: ... 

February 4-10 ...... . . . .. . 
" 11-17 .... . ..... .. 

18-24 ....... . ... . 
25-March 3 . ... . . 

Harmonic Microtremor. 

Slight. 
Slight. 
Slight. 
Moderate. 

This type of tremor was ve ry sligh t. 

Microseismic Motion. 

Amplitude of microsei sms :was as follows: 
Slight ~ntil t he 26th and mod ernte the1·eaftPr. 

Tilting of the Ground. 

By weeks, t his movement was as follows, cxp1·esserl a angular change ancl 
direction of- motion of the plumb-lin e : 

February 4-10 .. ... . . .. .. . 
" 11- 17 ..... .. .... . 
'' 18-24 ........ . . . . 
" 25- i\{arch 3 ... . . . 

1. 3 seconds 
4 .5 " 
0 . 8 " 
1. 2 " 

NNE. 
SW. 
.SE. 
NE. 

T. A. JAG GAR, 
Volcanol ogist. 
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l<.ILAUEA .SECTION 
OF 

HAWAII NATIONAL PAi:21<_ 

Lc9•nd 
Oo , .,r,,rn ~nl Rood 

Black spot shows loca tion of Observatory. 

All exchanges should be addressed to 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P. 0 ., Hawaii. 

The Observatory is equipped with the following 
•eismometrlc instruments r ebuilt at the station in 
l 918 for the special needs of volcano research: two 
Bosch-Omori pendulums, high-speed r egistr ation of 
local earthquakes; one optically recording seismo· 
!\'mph for di~tant earthquakes ; one clinograph r egister• 
mg E-W t11tmg of the ground. A vertical componen t 
eeismograph was in December, 1918, set up in ex­
perimental operation. These are seated on concrete 
piers in a closed basement ro om having practically 
constant temperature, beneath the chi ef Observaton • 
building near the hotel. Time is referred to a rated 
chronometer, checked at intervals by wireless signal 
fr om the P earl Harbor Naval Station. The chrono­
moter is loaned by the University of Hawaii. Ha· 
-..niian standard time (H. S. T.) is 10 hrs. 30 min. 
slower than Greenwich time. Observatory Lat. 19° 
25' 54.2" N. ; Long. 155° 15' 89.2" W . ; Elevation 
1214.6 meters (3985 feet) . 

HAWAII NATIO NAL PARK. 

This park was created by act of Congress August 
1, 1916, and includes three famous volcanoes-Kilauea 
and Mauna Loa on Hawaii and Haleakala on Maui. 
Frequent passenger steamers ply between these islands 
and Honolulu. 

Haleakala Section-Haleakala, ''house built by the 
sun,'' a peak more than 10,000 feet high , carries an 
immense fissure-like crater 8 miles long and 3 miles 
wide, with walls 2000 feet h igh. Here, as well as 
on Maunn Loa and Mnuna Kea, grows th e Silver 
Sword -(Argyroxiph ium) . Thirteen volcan ic cones lie 
wholly within the crater , some rising nearly to the 
height of the summit. The scene at sunrise is mar­
velously beautiful. 

Wailuku is the point of departure, automobiles tak• 
ing the traveler to Olinda, a summer r esidence set­
tlement 4043 feet high . After 2 hours drive to this 
point, saddle horses are taken to the summit a r ide 
of 3 ½ hours. Here is a fine concrete r est house 
b~ilt by the citizens of Maui , and fully equipped 
with iron beds, blankets, stoves and cooking u tensils. 

Manna Loa Sect!on-Mauna Loa, a vast dome 
13,.~75 feet high, reached through forests of Ha· 
wa11a.n mahoirany (koa) and tree fern, .then up bril· 

liantly color ed lava slopes, has a summit crater S 
miles long by 1 ½ miles wide with walls 700 feel 
hi gh, and when in action foun'tains of fire froth are 
here jetted 500 feet into the air. Every five or ten 
years splendid spectacles of Java eruptio'n are staged 
on the mountain, sometimes from the lower flanks. 

Ther e are trairs on the Kona side, and also from 
th e southwest, but the usual and best r oute is with 
saddle mules from the Kilauea section to Puu Ula­
ula ( 9800 feet), a · ride of six ' hours. Here there 
is a fu lly equipped cottage with stables and water 
supply. . From this point on the second day a four­
hour ride takes th e visi tor to the summit crater 
where there is water. A right of way within the park 
connects Kilauea with Manna Loa, where eventually 
a r oad w ill be constructed. 'l'he vi ews are glorious 
and the chasms, cones and contorted lavas indescrib­
ably chaotic. 

Kilauea Section-The Jakes of foam ing fiery lava 
within the crater of Kilauea form the most spec­
tacular exh ibit in the Hawaii National Park if not 
in the woi·ld. The pi t of fire, Halemaumau, i~ inside 
of the mn_1n crat~r, at the apex of a broad, fl at, inner 
cone. Kilauea 1s a dome volcano 4000 feet h igh 
overridden by th e lava slopes of Mauna Loa on th~ 
west. so that it seems bu t a spu r of th e greater and 
perhaps younger, slag-heap mountain. ' 

The Kilauea Park and the inner pit itself are 
both reached directly by automobile from Hilo the 
second city of the Terr itor y of Hawaii, and 'there 
are excellent hotel accommodations . The distance 
from Hilo is 30 miles. W-ithin the park there are 
15 mi les of roads and abou t 20 miles of trails. As 
shown on the map, there are a dozen ancien t pits 
within the area of the park, as well as cones, caver ns 
and hot solfataras and a str ange desert where lava 
flows ha ve poured out of crncks as recently as 1920. 

The live pit of Hnlemaumau is easily accessible 
anrl not dangerous. Frequently one can wal'k to the 
nctnal edge of t he splashing, fountaining lava Jakes 
the lava _column 1·isi~g. an ~ falling from year to yea; 
so Iha t its most d1strnct1ve character is ceaseless 
change. At night the spectacle is full of marvelous 
color, an d the region is a paradise for ai-tists pho tog· 
raphers and naturalists . ' 

The sever al sections are under the control' of the 
National Park Service of the Department of the I n · 
terior. The United States Weather B'ureau main­
t a ins the Hawaii.an Volcano Observatory, which 
stands on the brmk of the great er crater wi th in 
the Kilauea Park, 
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Activity of Halemaumau. 

No. 3 

The fo· t week in :Vfarch ·how ed t he rising lava in Halemauma n pit about 
260 feet clown a nd in ·rea ing it rnte of uplift as equinox approach eel . Two 
crag peak tancling among other· as conspicuous Jan l mark · between the lava 
lakes stool above t.he liquid r spectively 104 and 116 feet. As these wero 
part of the lil-c lava column, risin g simultaneou l_v as a whole .with the fluid 
lava, it " 'ill be ecn t hat the highest point of the column was only 143 feet 
below rim of pit. 

The main marks of activity were overflowing. of the pools ac1·oss border 
benches so a to fill in the marginal ,·alley between the bunch of crags and 
wall of pit. This had created border pools of ti ll, crusted, liYe lava that every 
now and then b1·oke up with spectacula1· effect. Fountains were few, but the 
number had increased from two to eight between February 25 and March 5. 
The fume from pit had become excessively thin. 
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The tunnel at southwest rift jn waJl-roek of pit, and inside th e pit at 
base of wall, was now nearly oblitentted by the risen Java. The wells leadincr 
clowu to this t unnel outside t ho pit were seen at night to be glow ing :111 cl scncl­
ing up very hot gas. 

In the econcl week of the month the lava lakes ro ·e 12 feet and the sharp 
steeple of the northwestern crag ro e 15 fe·et, the crag standing 10! foot above 
the liquid and tho latter 247 feet below rim of pit. The number of spla hiug 
fountains had increa d to ten or twelve, ancl occasionally some of the cru ted 
lava pool would break up with rapidity and show strong effervescence, making 
a brilliant b ubbling surface that lighted up th e fume cloud at night. Small 
grottoe and flaming cone· were forming at the lake edges. Lava welled up 
around the edges of the floor area ancl was flowing most of the tim.'e. Some· 
times the lakes overfiowecl their banks, making trickle flows that resembled 
molten lead. In one place little grottoe formed in a line where gas was cscap· 
ing at the eclges of a pond, and the ·e became evenly spaced . 

Avalanches ,Yero common owi11g to the clistmbancc made by new fill of 
live lava all around the ba e of the pit wall, especially along the zone of the 
nor theast- outhwest rift th:i.t cros es the pit. The mouth of rift cavern leading 
from lake level into southwe t wall of pit was now totally covered and in its 
pl:ice t here was a fresh tumble of clebi;is from the crumbling wall rock along 
t he rift zoue. Another fresh tumble lay on opposite side of pit. The two live 
ri ft wells glowed cherry red at night, ancl in daytime they were seen to be hung 
with brown stalactites and ejecting scorching hot gas. 

Tho approach to equinox (:March 20) was marked by increase of occasional 
fountaining and stronger rising from a rate of a foot and a half a clay to four 
feet per day. · Th e liquid lalkes reached a depression of 217 feet, incessantly 
flooding theil' margins. The number of fountain varied from four to fifteen 
in action at one time, aucl blowjug cone · at edges of lalli.es replaced the foun­
tains in some places. Herc ancl there hwa '' gu hers'' were .·een where a Yent 
in crust at tho edge of a pool Yomitecl up the molten fiery fluid, the torrent 
flooding the stagnant border fill . 

There were increasing spells of troll" breaking-up of crust. The e wero 
spccta ·ular, the movement spreading from one icle of a lake to the other, and 
making a brilliant flare as the incanclc cent matter bubbled up from below. 
All the older debris lOJ)es had been burierl under the borcler flood . The crag. 
rose almo t as fast as the lakes, t ipping ba1;k from t he central region. Th e rift 
wells glowed brightly and sent up blue fume . 

The ri se continued pa t the equinox at ± feet per clny, the lakes rraching 
a level 189 feet below rim of pit. Th.:! l_iquitl gainecl on the crag . the two 
highest standing about 100 feet above the live pool . Every detail of interior 
of pit was plainly. een, and the number of fountain in action varied from three 
to tc11. Spells of brnaking up of c1·u t and sinking of lab jn the glowing 
melt ,became more frequent and spectaeular, the whole ituation trongly re­
calling the ri ing episode of the eptcmbcr equinox of 1921, and cone pond· 
jngly suggesting a period of ·ubsidenee to follow. The flooding of the pace 
around the margin of the pit became cxce~si\·e March 25. Hot o,-erflow of 
a ll the lakes created a wicle ring pool of puddled glowing lava between tho 
precipice bounding the pit and the clu_ter of crags in the center. A big cone 
with a pot full of . plashing la,·a wa formed at the base of the wall. Puffing 
spatter cones tenclecl to form at the outer edge of the lakes whe1·e the,v O\·er· 
flowed . Th ere wa a eurvecl fault Yalle, full of tumbled reel rocks athwart 
the eastern crag mass, ancl these mas es ~Yere moving so rapidly that big ava­
lanches fe ll from them. At the encl of the month the liquicl lava was only 175 
feet down, and gas escaped with hi sing noise through a few vent.·. The outh · 
western rift wells were now glowing brightly ju dayligllt. Th e fifth percep­
tible earthquake felt during the month occurrecl during the earl_,. morning of 
March 27. 
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Discussion of Special Features. 

The rise of lava in Halemaumau from December, 1921, to the March equinox 
of 1922 was imilar to the Tise that culminated at the September equinox of 
1921, ancl both occa ions proclucecl similar scenes within the pit, the same gen· 
eral grnuping of crag peaks ancl lalkes, ancl the same welling up of liquicl lava 
arouncl t he edges of the floor area. In the autumnal crisis the high level la ·tecl 
pa. t the middle of October and then was foDowecl by stroug subsidence. The 
vernal ri ing was c1e tinec1 to reach its maximum rate at the encl of March, 
but to continue at decreasing rates, with ome spurting, until May, wh en ex· 
ce sh-e ubsidence oc ·urrecl . 

The gas act ion of tMs ri ing spell was singularly slu go-ish comparecl with 
the Ma.rch culmination of 1921. Violent cauldron action was absent ; slight 
cauldron effervescence occurred once or twice in the north pool, but almost no 
patter grottoes formed, fountains were few, and the usual methocl of gas re­

lease was by swell ing a crnsted pool to -the 1·upture point ancl then emitting 
the gas by gentle brealking up of crust, engulfment of the labs, ancl short­
uved bubbli1~g. 

J0URNAL. 

March 2. At 7:30 a. m. the pit wa modemtely fumy from vents at the 
uorthwe t crag the outhern end of the cast crag, and oue -in the northeast 
region. A trickling flow poured from the outheast arm toward wall of pit 
and central lake wa hea.-ily cru ted. Entrance to rift tunnel southwest was 
now nearly filled. Heat a the rift "·ell wns iucrea. ing. 

March 3. }!ca urements now _howed that the lakes were about 260 feet 
below rim and both lake and crags were ri ing two feet, per clay. At 11 a. m. 
a smnll jet of dense fume was ri ing from a Yent in broken rock at north 
encl of ca t crag ma .;s. There ,,ere four fountains, central lake i·emainecl crusted, 
:md the liquid lava appeared no higher thnn on the previous clay. There were 
frequent breakings-up of crust in southea t arm. A fountain in east pond 
was noisy. 

March 4. At 7 :30 a. m. fmne ove r pit was notably thin in contra t to 
what it had been, and in spite of the presence of considerable floor vapor 
ont..ide of pit. 

March 5. Thi conclition continued -remarkably, for despite rainy wcathc1· 
the pH was quite free from fume. At 3 :30 p. m . the liquicl lava wns :flooc1ing, 
nine pool were counted among the crags, ancl eight fountains were in action . 
.A large wall-pool ,,as in process of cracking and foundering on north-northwest 
side of pit. This progess was ob crvecl in east pond also, which remained the 
most acth-e of the lake . Small blowing-cone grottoes had formed. The bench 
magma "-as rising more in the center than elsewhere, notably at the central 
island remnants. The floor of the eastern valley east of southeast arm hacl 
risen so as to make bench 10 feet high above that pool. Two small pools were 
observecl in th e north cove region and another between southeast arm ancl central 
lake. The southwest wall-valley hacl becom!J a large fl.oor f!ooclecl with flows 
from both cast ancl west sides. Th e motion of south crag mass had produced 
fresh breaks on its face. '.!.'he small south peak next we t was nearly isolatecl 
by the flood . The only pa1t of the ring valley that now remained tumbled 
and bro.ken was :i.t the 11ortheast . Southwest rift tunn el wa now a low 
:i.rch about 5 feet high. · 

March 6. L-tainy conclition ancl t l1in fume continued. Th ere were trielding 
overflows from tl1e lakes, ome cra cking and foundering occunecl at the centr:1 ! 
lake, there was hissing uoi c mHl at 11 a. m. a cone broke into action with 
spurting lava flings at southeast encl of southeast arm. Th e arch of rift tunnel 
was still more buried. 
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• M arch 7. At 4 p. m. the lakes were generally and volumiuou ly overflow• 
i ng. Th e arch of . outhwest ri ft, tunucl wa now covered. Trickle4 flows wer 
in motiqu ou all the floor . Th ere was high gas pressul'c arching the rusted 
pools nncl making hi ing noise. The active . pots were at e,·eu fountains, two 
hright flowin g streams, ;111<1 m1111erous tr ickling toe·. On the nort·h a11d east 
s id('. of ea. t pou<l fi\·e or ·ix eve nly spacc,l op nings indicat('!l where small 
fo un tni ns ancl illll' ls of gas tc111l d to fo rm a row of mnll roitoe . Floor f 
.-outhcast wall-vall y wa · a1· ·hcd up, ancl a ucw till had welled along the wall-
melc. 

At 4 :45 p. m. a n avalanch fell from the ea t wall. There wa much 
crn hincr a tion along the ea t central Yalley. Cracks had form ed in north­
eastern flat grom1d inside the pit where bench magma a a whole was swellina. 
1~ume was thin :rnd its oclor wa more acicl to leeward. At soutltwc t rift well · 
hot gas wa ri ing, brown and yellow talactites lined tho wall , and matche 
would ignite when thro1Yn into the opening . 

M arch 8. .At p. m . purpl ish re.cl ligh t was visiblo in the two rift well 
ancl the fume wa acid with ulphurou o-a ·e . In the })it there were seYen 
spurting aucl spraying . vents at th e eclges of tho crusted lakes. Along tho 
waJl-vulley lay fresh g lowing fills heavily .cru ··ted. 'ome slight cracking ancl 
founde ri ng wa ob ervecl . Flame were · en iu crust cm ·k aucl tho uoi cs 
were of bi ing and spraying. 

March 11. At 11 a . m. t he b ikes were 247 feet below the rim. Ten foun­
tains were in action some of t h m forming mall grottoes and border cones. 
A li ,·e dribbling fill of lead-colorecl pahoehoe followed the uor t hwest " ·all­
va lley. A recent flow had well cl up :\ craok iu the arch cl floor of southeast 
wall-l'alley. The b nch at lake border wa progr ively higher from south­
we t ba_y toward center of pit. The bauk of ea t poncl wa two feet hicrh on 
west . icle aud overtlowed b,v fresh lava ou c:-t t .idc. Evidently the central 
crag matter wa ri ing. Thi wa howu al o b~- the tring of i let which 
now formecl a contiuuou partition epara ting southeast arm from centra l lake, 
an cl extcucli ng from east central era a to .,oath peak. Rat her ra1 icl pell of 
craeking aud fom1deriu" were ob~cn·ed iu west COY pool und -outhca t arm. 

K w talu heap- lay 011 floor of pi at outhwe t rift and in outhea t 
wal1-vall y. R ck were seen liding from upper 11art of south 1 re UT rid ge 
alo ng lh c pit rim and another fall of rock occunccl at uorthwe.t iue of south 
peak the material tumblina into the lake. · 

After ex · . i ve rain 11 th Kilauea floor clouls of white Ynpor w 1·e con-
e utrnte l OY 1· the J919 and 19~1 lava field , inclicatiug greater heat at tho 
pJaee . There wa niin vapor also oYer the rift belt near the well , but the 
wells themselves sent up trau parent gas with a tinge of blui h fum e con­
den ing. 

MaJ"ch 12. Lake · aucl crag were now ri ing ove1· a foot and a half per 
clay. At 11 a. m. seven fountains were in a tion nn(l tho banks of southea t 
arm aud ea t JJoncl were three feet high. onthwe t arm and we tern pond 
were brimming full ou the wa11 icle. Around base of wall of pit there was a 
fres h upwelling of clribl t lava r embling molten lead, e pecially conspicuous 
southwest, we t, 1101-thwe. t and north. A sma ll open pool h1 the southeast arm 
howed bubble fountaining. There were fountain al o i n nor th cove pool. 

Fume had incrca ed. 
March 14. At 11 a. m. the ncl of ·outhwe t bay wa found built up aud 

overflowing th floor o n to flood th talus. Fro;n five to eight fountai11 
were i11 action. R npicl cracking and founde1·ing occunecl in th e central lake. 
'l'he ac umula tion of new pahochoc in the w all-crnck form ed a heap next to 
the wall all a roun d the pit. A. fre h flow from the east wall-crac!k Jrnd mo,·ecl 
·westward th rough outheast wall-valley. E ast pond hacl been overflowing all 
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h;, .,.es and w:L flu h with its rim on all s icl e . Pre h OYerfl.ow· had pourecl 
w ,... from we. t po11Cl. North cove pond was fountaining . 

.l.11 that wa left of west crag now wa a red rocik. -! feet high. All three 
crag ma .. h:Hl been tilting up centrifugally. 'rhc ~outheast ancl soutl1 crag 
ma scs had both brokeu away from the floor hordcl'lng southeast arlll a long 
L ig creva e . ' orthwcst peninsula. :lrHl th crag separating cent ral lak l' from 
north eovo pool had bee n liftecl an l tiltc<l as :~ unit towards the 110r thwcst 
along with the northwest rag mass. 'rho group of small crag· at the central 
i lancl locality was n w higher and formecl a unit ·onne ting outh peak aml 
ea t central crag mass. Tltis last had been tilting eastward, but the southea 
crao- more o, o as to incrca the jumble of fragment :tlong ea t central 
valler. 

Rock IYCl'e till liding from tho ur per outh 'ast pre sure rid ere aucl much 
.!:re h talu lay Oil th floor of pit sonthca t :md southwe. t. 

March 16.1 At 5 p. m. th r were two fountai11s in ca t - poncl and 011 

each in outheas t :um west J)Ond and 1101·th wall -pond. There had been recent 
flooding over mo t of the outh floor . A ga ,·ent at outh margin of outhea t 
arm wa · hi si11g louclly. There was ome noi e of escaping gas through 1·acks 
in crn t at the plac where rift tunn el had been submerged. 

Ma;rch 17. At 2 p. m. fif teen fountain wcr in action a nd a flow wn s in 
motion from outhwe t bay to waH of pit. Rece nt talu bettps_ were drowned 
under £re h laYa. Ea t poud had a line of purting fountain at it eclge ancl 
wa overflowin . 'cntral crag bacl lifted and a -helf ha I been raised along 
~horc of outhea t anu ou outh crag ide. 

~ heaxy rainstorm b:ul produced notable cloud of Yapor on the ~auna 
Iki flow heap in Kau De.ert, where remnant heat from 1920 activity is troug. 
The ;,ame phenomenon ·wa · ob en·el on the 1919 and 1921 flow in l<ilaue:1 
era er. 

March 18. Lake · a11<l crags ~1-crc now rising 3 to -! feet per day and the 
lake JC\·cl wa :!~l feet below rim of pil. At noou th bottom area. wa quiet 
with only four fountains in :l ·tion the other hcing rC'place<l b~· hi si ng :incl 
fl:iming cone ·. Lakes weJ'c Jlush with t heir 111:ngins, trickle flows pushecl through 
crack aucl there wa cracking :rncl founclcrino- in th e outhwest 1rnll-n1lle_y fill. 
TJ1ere were fresh deep filliugs along thi valley south ancl outh a~t. Blu • fum o 
wa abundaut. The glow wn not ~-ct J en·cptible by dn_vlight ju th rift well·, 
and he aa from tl1e well· condensed to blue f ume above. om uoi c of an 
illcl efini e charader could 1,e h anl in th outhwestcrn wens. 

March 19. A.t 11 a. m. fou1· fouutaiu and three con . 1rcr counted in 
the pit. .A gu bing cone at we,t edge of we t ·o\-e pool ~ent a tl o1Y over th 
floor. Pahoehoe laYa wa tricklin , the fill were n:ipping- under the coolino-
train of fre. hlv ch i lied la Ya su rfac6. all(! the waU-vallev fill~ w re ob,·iou Iv 

bccoruin wider.· The we. t <:rag rock aittl all the southern "talu heaps were 110~ 

completely ubmergecl. rnc,ks sou t hwC'st of lo,Ye1· rift well w ere ho t enouah 
to bnrn pnper- at th well a breathiiig uoi e cou ld be heard. 

March 21. Equinox wa. now passed, the g ncr:tl rapi,1 ri e continuing 
tl:rougbout the oquinoxial scaso11. 011 thi" da _v a t 3 p. 111 . ·uo fo1portaut han<>cs 
were ob ervecl. About ten fountain were in nction mo t numerous at ea t 
pond . There · were some spurting fou ntains. Pnhoehoe trir,k letl arom1d eclgC's 
of floor. outb crag surface wa · now a gigantic slab tipped up very steeply. 
Pond were brimming full, live l:l\·a mo ved a long the nort hc,1st w:111-cra •k aucl 
the fills were growing wicl r. 

March 22. Th e liquicl lava w~l now 200 fret down ancl the crag peaks 
stood 100 feet higher. A.t 4 p. m. there were eight fountain in the lit, an<l 
a big cone had formed in the north ea t wall-c1·aclc with lava splashiug from a 
pot in it summit. Lake wer till overflowing into the wall -valley fill, the 
platform margin st:rnding usually a foot or two high in the cen t ral region. 

At 8 :30 p. m. a mart rain shower was coincid ent with a strong br aldng• 
up of crnst at t he pit, which produced brio-ht flaring. 
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March 23, At 5 J.l· m. t here ~a heavy rain making tails of steam all over 
floor of pit and a violent fountain was in action at the edge of southeast a rm 
pool. There was loud hiss ing and the pit was fu ll of v apor. 

March 25. At 3 p. m. there were hot flood s of lava at t he edges of the 
floor on all ·ides of pit. Cracking and found ering of crn t were seen to spread 
rapidly across south east pool. A similar proce ~ progre sed lowly ea tward 
along south wall-valley fill. Six fountain were in action. The northeast cone 
had disappcare l and wa replac cl by a bot glowino- hole. The liquid lava had 
everywhere gained on the crags. Blowino- cone had formed on the western 
·ides of southwest arm, west cove pond and west pond. A small pot was open 
on th e north sicle of n01· th cove pool. All the pools were overflowing a nd the 
wall-valley hacl become a complete ring of :flat lava outside of the group of 
crnggy hills, recalling the condition of September 20, ]921. The air was v ry 
clear and free from fume. 

March 26. At 10 a. m. t he hot overflows of the previous clay wer e founcl 
to have sub idecl, and their surface howed cm ts which hacl sa.gged to a 
trough along the wall-crack. Three fountain wc1·e in action . An avalanche 
started ·rapid craclki.ng and found ering at the west poncl. At 10:50 a. m. an 
avalanche fell from the we t icle of l!Orthwe t crag. ome fresh avalanche 
debris was observed at base of p it wall . His ing was audible. Tho ri ing 
of t he crag masses wa now beginning to frbstruct the view. A lon(I tumbled 
valley full of bro,ken roc.l· followed the east central crag ma s on t he east and 
north sides, sl1owing the line of motion ;w hereby this mass had risen differently 
from the so ut heast c1·ag. 

March 27. At 3 p. m. there were fresh floods around the margin, about 
nine fountains were in action ancl rapil cr acking ancl foundering were seen 
to sprcacl across southea t :um. Three terrnces hacl formed on the ea t sicle 
of th is arm wh ere the southea:t crag l1 acl l ifte 1 ancl tilted astwarrl in stage . 
'l'h e southeast wall-valley v.·as occupie 1 by 11. fl(tt 8agging nil with a smooth 
urface t hat showed crack-aucl-fou ncl er pattern . It was evident that ri iug ti ll 

continued . 
March 29. At 9 :30 a . m. the marginal flood appeared hio-her and only two 

fountains were in action. These were in the ea tern pools. T11e outh and 
southeast crags had ri en and lifted with them the outbea t bank of outhea t 
a r 111 pool, and tho ground the1·e was wollen and cracked. The bank arou t\tl 
t his pool was 5 feet high, whereas the we tern and eastern pools were flush 
vith the floocl level. Floods of lava had joined across f rom the west COV\l pool 

t o the central lake, leaving an i olated cra.g north of th e southwe ·t a rm. At 
9 ,30 a. m. this arm was overflowing strongly ancl a fountain broke into action 
at the place of overflow. 

'fhere was eonsic1erable fume from t he central crags, and fresh tumb1es 
Jay under the no rthwest ancl south crags. 'l'h e northwest peak had lost its 
fonner summit. Th e central island ancl northwest peninsula. were higher. Th e 
whole semicircle of crag matter east of the east valley hacl risen and tilted 
east. The east central crag had also ri en and tiltecl east, but eparate from 
t he eastern crescent. 

Purple reel glow could be een in da;-lio-ht inside the ou hwe t o"°en, and 
bright blue smoke ro e from the well . 

March 30. At 4:30 p. m. there "°a~ hea~ eru and ,e,en fountains were 
r.oun tecl, mostly pots in cone and border grottoe Lava welled up cracks. 
The whole top of northwest era had fallen and made a big talus. Fume had 
incl'Casecl. Liquid overflows were eeu at ea t pond, outheast arm and south­
west arm . 'l'he southea t crag and crao- north of outh wcst arm were cucroachecl 
upon by flow lava. The cup of north co~-e pool had liftecl, leaving a four-foot 
rim around the liquid . Both the rut wall were o-lowing, aud the fume was 
brown against the western un, but blue in reflected ligh t. 

March 31. In the evening a portion of the south crag crack ed off and 
toppled northward into toe central lake. 
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Fig. 1. March 12, 1922, 
south e:ist rim of pit. 
out h crag, the latter 

w:tll of p i t . 

Halemaumnu lookiug west from 
Show!< outheast arm I ool :rnd 

·ep:nat(•cl by w:1 ll -cr:1 ' k fill from 



Fig. 2. :\[nrrh 26, 1922, Halemnumau looking south from 
11orth ~helter. , hows north""est crng peak, W<'st pond 
:111<1 wide wn 11-vn Il e~· fill. Ph ot os .1 nggnr. 



LA VA MEASUREMENTS. 

Mea urements of depre ·ion of the mobile la,·a column, made with transit, 
referre d to northeast station on rim of Halemaumau pit (3727 feet above sea­
lcvel), for the montl ending ~Iareh 31 1922, including crag pea,"ks of bench 
magma aucl mean liquid level of lake magma, were as follows : 

Mean Lake South Northwe t 
Level Crag Crag 

March 3; 11:00 a. Dl •••••• , .•••• ,, ., • .• ,, 259 feet 143 feet 155 feet 
' 11, 11:00 a . m ............ . ... .... . 2-17 " 130 " 140 " 

] 11:30 a . m . ... ... . . .. .... ... .. . 221 " 111 " 116 " J 

" 22, 4 :00 p . m ..... . ... .. : . ....... . 203 " 102 " 104 " 
" 26, 10 :00 a. Dl .•• , . . , •• , . . , . . •• •. ,, 194 " 90 " 89 " 
" 29, 9 :00 a . m . .. .... . . . ... . ..... .. 178 " 77 " 84 " 

P rogrnssive changes were as follows for the liquid lava: 

March 3-11 ... . .. .. 8 clays, lake rose 12 feet, a'l'eraging per dny +1 . G feet. 
" 11- 18 ........ 7 " " " 26 " " " " +3 . 7 " 
" 18-22 ..... . .. 4 " " " ]8 " " " " +4 .5 " 
" . 22-29 ........ 7 " " " 25 " " " " +3.6 " 

Progre h-e fluctuation in level of south crag ummit wa · a follo~vs : 

March 3- 11 ..... ... day, crag ro e 13 feet, averaging per clay +1.6 feet. 
" 11-1 7 ' ' 19 " " " " +2 . 7 " .. .... .. 
" 1 -22 .... ... . 4 " " 9 " " +2.2 " 
" 22-29 7 " " " 2.j " " " +3 . 6 " . . . . . . . . 

Fluctuation of northwest 1·n-g ummit was as follow": 

March 3-11 . . ...... 8 clays, crag rose 15 feet, averaging per day + 1.9 feet . 
" 11-18 7 " " " 24 I( " " " +3 . 4 I( 

" 18-22 4 I( I( " 12 " I( " I( +s.o I( 

" 22- 29 J " " " 20 " " " " +2 .9 " 
Relief of peak. alJOYe lake was a follows : 

March 3 ..... . south crag 116 fee northwe t crag 10-! feet 
" n .. . ... " (( 117 " " " 107 " 
(( 18 " " 110 rr rr rr 105 " 
" 22 " rr 101 99 " 
" 26 " " 104 " rr " 105 ·" 
" 29 (( " 101 (( " " 94 " 

The following table shows comparative monthly chan <>'es of level fol' mean 
lake Java aud mean er::ig lava, beginning with July, 1921: 

July ....... Liquid lava - 22 f eet, bench lava 14 feet 
Au:;u t " (( +119 " " " +118 " . .. . 

eptember . . " " +138 " (( " +158 " 
Ortohcr " " -259 (( " " -253 " .... 
Novcmher (( " 18 (( " 21 " .. 
nccembel' " " + J6 (( " + ] 8 " .. 
January . ... (( " + 25 (( " " + 29 " 
Februal'y ... " " + 40 " " " + 40 " 
March " " + 92 (( " " + 80 " ... . . 
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SEIS:MOMETRIC REOORD. 

During t he mont h eudiug mrnnic h t M arch 31, 1922, sevcntecu local ·ear th­
quak es an d two d istant shocks were recorded at th e ob er vatory. Th ese and 
oth er ear t h mov ements are exhibi ted ·below. Distance oi origin when indicateu 
hy t he in -tru ment al record i s s t a t ecl in Engli h mile . 'rime is H:iwaiian 
, 'ta n<l a rcl of merid ia n J:j7 ° 30' \ V, JO h. 30 m. slower than Greeuwith . 

LocaJ Earthquakes, 

March 5 . . .. . . . 1:21 p. m . 
" 7 5 :12 p . m . . . . .. . . 
" !) 2 :33 p. m . . . .. . . . 
(t 12 11 :47 a. n1. . . . .. . . 

2: 33 p. m. 

4 :55 p. m. 
5 :04 p.m. 
5 :05 p.m. 

" 15 .. . .... 9 :52 p . m. 
" )6 . . . . .. . 5 :13 a.m. 
" 17 .. . . . . . 3 :40 p . m. 
" 18 . ' . .. .. 11: 22 a . m . 
" 25 12:05 a.m . . . . . . .. 
" 26 6 :30 a. rn. ' . . .. .. 

9 :35 a. Ul. 

" 27 3 :24 a . . m . . . . . ' . . 
" 30 7: 06 a.m . . . . . . . . 

Teleseisms. 

Ma rch -! . .. . . . . . 2 :40 a. m. 
'' 9 . . . . . . . . 9:00 p. n1 ♦-

Spasmodic Microtremor. 

Very f eebl e. 
Very feeble. • 
Very feebl e. 
}~ee blc. 
~ ode ra te, distan ce 20 mil e , a zimuth W W­

E E . Felt locally a nd in H ilo . Disma n­
t led instrnment . 

Slight, di tance 20 miles. 
Feeble. 
Feeb le. 
Vel'.Y fe eb le. 
Very f eeble. 
Slio-ht. F elt in Hilo. 
Sli aht. ], cit in H ilo. 
Very feeble. 
Very feeble. 
V ery f eeb le. 
Slight. :Felt l ocally and in H ilo. 
Very feeble . 

light. 
light . 

This type of t remor by weeks, begim1ing ).farch -1, was registered as fo ll ows : 

March 4-10 . .. .. .. ... . .. . 
, , 11-17 .... . . .. . ... . . 
,, 18- 24 . ... . . .. . .. . . . 
'' 25- 31 . . .... . . ... . . . 

Harmonic Microtremor. 

Moclcratc, decreasing on M ar ch 7. · 
Sligh t, i ncreasing on M arch 15. 
Slight-. 
Slight . 

T hi type of t remor was light throughout th e month with a maximum on 
t he 8th. 

Microseismic Motion. 

A mpl itucle of microscisms wa s as f ollows: 

March 4- 10 ... . . . ... ... . . 
"]1-17 . . . . .. . . ... . . . 
' ' 18- 24 .. .. .. . . . .. .. . 
" 25-31 . . .. ....... .. . 

Moclerat e. 
Slight, with som e increase Mai-ch 15. 
Mod erate. 
Moderate. 



,. 

a 

Tilting of the Ground. 

By weelks thi mo,·emcnt was as follows, expressed as a ngul::tr change ancl 
direction of motion of plumb-line : 

:Marth 4-10 ............. . 
11-17 ... .... ... . . . . 

'' l -24 . . .. ........ . . 
' ' 2J-31 ....... .. ... . . 

~. !) 8(.'(·0ll llS R. 
'.I . l. ' ·' 88'N. 
J ,:; " N . 
1 . 0 " vvs,,v. 

T. A. JAGGAR, 
Volcauologi t . 
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Black spot shows location of Observatory. 

All exchanges should be addressed to I linntly colored lava slopes, has a summit crater 3 
miles long by 1 ½ miles wide, with wall~ 700 feet 
l1 igh1 and when in act ion f ountains of fire froth are 
here jetted 500 feet into the air. Every five or ten 
years splendid spectacles of lava eruption are staged 
on the mountain, sometimes from the lower flanks. 

IIAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P. 0., Hawaii. 

The Observa tory is equ ipped with the follow ing 
i eismometric instruments 1·ebuilt at the station in 
l DI S for the spe'cial needs of volcano research: two 
Bosch-Omori pendulums, high-speed registration of 
locnl earthqu~kes; one optically recording s eismo­
!(rnph for distant earthquakes; one clinograph register· 
mg E-W t1lt1ug of tbe ground. A vertical component 
tiei5:mograph was _i n DecemberJ 1918, set up in ex· 
pcr1mental operation . The e are seated on concrete 
piers in a closed basement r oom having pract ically 
co11stant temperature, beneath the chief Observntorv 
bnilding near th e hotel. Time is referred to a rated 
chronomeLC'r, checked at intervals by wireless signal 
from tl1e Pearl Harbor Naval Station . 'l'he chrono­
m,, t_er is loaned by the University of H awaii. Ha­
\\•nhan standard time (H. S. T.) is 10 hrs. 30 min . 
slower than Greenw ich time. Observatory Lat. 190 
2.5, 54 .2" N.; Long. 155° 15' 39.2" 'W.; Elevation 
1214.6 meters (3985 feet) . 

HAWAII NATIONAL PARK. 

This park was created by net of Congress August 
1, 1910, and includes three famous volcanoes- Kilnuen 
nnd l\founn Loa Qn Hawaii and Haleakala on Maui. 
Frequent passenger steamers ply between these islands 
nnd Honolu lu . 

Haleakala Section-Haleakala, ' 'house built by the 
sun, '' n. peak more thnn 10,000 feet hia-h carries an 
i~meuse. fissure -like crater 8 miles Ion,I ~nd 3 miles 
,,..,de. with walls 2000 feet hi gh. Here, as well as 
011 ilfounn Loa . an_d l!-tauna Kea, grows the ~silver 
Sword (Argyrox1phmm) . Thirteen volcanic cones lie 
wl:ollr within the ~rhtor, some r ising nenr1y to the 
height of the summ,t. The scene nt sunrise is mar­
velflu sly bea11tiful. 
. W'niluku is the point of departure, a.utomobi les tak• 
mg the traveler to Olinda, a rnmmer r esidence set· 
tlement 4 0.J.3 feet high. After 2. hours drive to this 
pomt. saddle horses ar e taken to the summit n ride 
of . 3 ½ hrrnrs . . ):-Jere is a fine concrete resi hou se. 
b1_11lt _ by the citizens of Maui, and fully equipped 
with iron beds, blankets, stoves nnd cooking utensils . 

Manna Loa Sectlon-M~una Loa a vast dome 
13 .. ~75 feet high, reached through 'forests of Ha­
wa11an mahogany (koa) and treo fern, then up bril· 
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There are !rail's on the Kona side, and also from 
the southwest, but the usual and best route is with 
saddle mules from the Kilauea section to Puu Uta­
ula (9800 feet), a ride of si.:< hours. Here there 
is a fully equipped cottage with stables and water 
supply. From this point on the second day a fou r ­
hour ride takes the visitor to the summit crater, 
where there is water. A right of way w ith in the par k 
connects Kilauea with Mauna Loa, where eventually 
a road will be constructed. The vie,vs are glorious 
and the chasms, cones and contorted lavas indescrib­
ably chaotic. 

Kilauea Section- The lakes of foaming fiery lava 
wi thi n the crater of Kilauen form the most spec· 
tncular exhibit in the Hawaii National Park if not 
in the world. The pit of fire, Halemaumau, i~ inside 
of the ma_in crat~r, at the apex of a broad, fiat, inner 
cone. Kilauea 1s a dome volcano 4000 feet high 
Ot'erridden by the Java slopes of Mauna Loa on th~ 
west. so that it seems but a spur of the greater and 
perhaps younger , slag-heap mountain, ' 

The Kilau e11 Park and the inner pit itself are 
both reached direct!)' by automobile from Hilo, the 
second ci ty of the Territory of Hawai i, and there 
are excellent hotel accommodations. The distance 
from Hilo is 30 miles. Within the park there are 
1 5 miles of r oads and about 20 miles of trails. As 
sl_10,)'n on the map, there are a d ozen ancient p it s 
w1tl11n the area of the park, as well as cones, caverns 
and hot so lfataras and a strange desert where lnva 
fl ows have poured out of cracks as r ecently ns 1920. 

The live pit of I-falemaumau is easily accessible 
nnll not dangerous. Frequently one. cnn walk to the 
actual edge of the splashing, fountaining lava la kes 
the lava column rising and falling from year t o yea; 
so that i ts most d istincti.-e character is ceaseless 
chan ge . At night the spectaele is full of marvelous 

color, and the region is a paradise for artists photo~· 
raphers and naturalists. • 0 

The several sections are under the control' of the 
National Park Service of the Department of the In· 
t eri or. The United States Weather Bur eau main­
tai ns the Hawaiian Volcano Observatory which 
stands on tbe brink of the greater crat e; wi thin 
the Kilauea Park. 
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'l'en Years of Work Finished. 

Th e Hawaiian Volcano R search A sociation wa founded· ten years ago. 
It i s now an incorporated ociety deYoted to cien ific and educational "·ork in 
tl>i . Terri tory. From the start the leading pirit coun ellor and friend of the 
society ha been Lorrin A. Thur on. From the tart it has been the privilege 
of the writer to be cieu ific director of the trork of inYestigating, recording, 
c c,mpiling and experimeu ing, with the i land of Hawaii containing the vol­
canoe Kilauea :lllil ~fauna Loa, a a Ya t natural laboratory. 

Ten year. of work and of publication haYe determined crit ica l discoveries 
ancl critical turning point . The discoYeries need not be redewecl here except 



:is t hey affect plans for the future. 'rl1cy haxc show n that ~f:1una Loa is a 
prime cent('r of activity sympathetic with Kil:iu_ea,; th~t e,1rth('Ju:1kcs cluster 
around the Mauna Loa. ccnte1·; that both mountan~ spht op_ n a11cl t.!1row ?ut 
lan1. along clefinit.c rift lin e ; that gas is t)1e clomrnant h •:it111g- a111L 1111p ·lhng 
:tgcut in ernptions; that th heat may even rncrca e towarl_ tl ,c H11rf 11<• 0 l!•r?t'.gh 
tl;e burning of the gas and that the J_ava s 1:1-iay a~lcl to thrn h~11t. hy 0~1(li z111g 
in the a.i.r; that chemistry, therefore, 1s a vitally 1mpo1·taut .se,r11 ·o ncl,1111.'ct to 
volca nology; that tidal movements 1n:1kc the 1:1.va rise and fu 11 H,\'H I c•ninl 10:dly, 
day and n ight, pring a11d summer, decade nncl cc1;1tm·y; thnt lht1Ho l'i H111g-s a nd 
falliugs, heatings :rncl cooliH gs, tiltings :rn1l trcmbhngs, all " '. ol"i lo j.(1'1111"' 1111,_lcr 
incxornblc Jaw which gives 11cw interest to the p:issage of 111110 011011 1111 1H·l1vo 
Yel<· :rno, whether reckoned iH seco nds, rn)uutcs, clay~, mo11Lh ~ or ,\'11111'H, l•:11c·h 
0£ thc ··c uuits of Lime may be ]llltO :is 1m1 oi-tant lll rc ,·l•:tl111~ Hi•\\>11llfl 1' cll H 
covery through the rn clium ot' :m instrument actuate~ by dol1<•:il11 1<1111· 111,•(ll'i< 
8ct up a n cl a nchored at one place, a a ny of. those umt of: HJ)ll!'11 11111d11 11111<•h 
of by the explorer or ,1strn 11omer. Depths, di?taucos anti diHtl'il11tl h111 H 111·11 
rnalt.ers of int rest in .-oleano stucly also. But it must not h11 1'111·1-1 1111<111 th11I 
the ultima te aim of aeology is ea r th hi tory :111(1 thi ·, like h 111111111 hl Hln1•,1·, 
c:rn be l carly ll ecipl1erod ouly by studyiug mi .11u tely th lii Hlory ol' t1t 11 
present. 

Turning Points of Progress. 

The critical urning points of progr?ss in Hnwaii:m v_olCHllO r11H1•11r1•h 11 "" ' ' 
( 1 ) tile propo a l to have rm ol sen ·atory rn 1_!)09: (:.l) the gift, or 1111 11hNtll' \J illl l',1 

h11ilding by Hilo :rncl of 111011 ~y by .EI011olulu and t he Ma s:1,· h11 At'II H l1 1Hlli11l t' 11 t' 
'l',:,rihnology in l!ll2; (3) the publ icatiou of :t Tcgu_l:ir b11( ldi11 111'11'1' 1111 :J: ( 11 

lilo experi ments, photogrnphs, g:1s analyses, sou.11d111gs, t 1clt• ~111·,11,vH 1111d J., ,,, 
pPr:.1.t,uro meas ureme nts 111:idc pos iblc by the great acth·ity of th <• ,v,1111 H 111 111 :: 1; 
(G) t.ransfcr of the obsen·ator.r to U ni ted States W ca tl~er B111·,•1111 i11 1111 11, 11 11,I 
J:18 Uy the adoptio n of a new 1iYo-yoar progr:1 11 1 of cxpc nmcntal 1'(' M1•111•1•h il,1· 11 11 • 
Hawaiian Vo lc:Jllo Research Association in H120. 

The past clec:tele has t hus fou nderl the kccpi 11g of: a p<• rn 111111•11I 1<•1•(11·cl 
0 , vo lcanic :ictivity in Hawaii by creating a go,·ernment est:1 l>liRl11111111I t'u1· 1h 11 
p11 rpose. It has started experim ents investigatin g th e cl pt.h, I 11111 p1 •1·11 I 111·<•, 
co 11 1position and viscosity of Hawaiian l:was iu the fie I cl nncl th e 11111·t Ii 111111 l11t1 H 
wh ich pass through t he lancl s adjacent to t h ose Javas. It has HI n rt <'ii II lll' W 
ox pcr.imental spirit in cl ea ling with _tl'l c origin and. prog:r css of I 11 11,101111 I 1d 11 tt , 
soils and shorelines of t h ese mysterious :m cl beautiful 1sla11cls thnl I 1•11111 1111111 
imm emol'ial hav e been slo,wly rising a ncl fa llin g in t h e miclst o l' the worlil 1H 
great est occnn. Ancl in the trnin of th is exper.imentnl aclventurr, c• 1ilr•r1 •d 1110 
with such vio-or anil fin e corcl iality by the men a 11 d women of llll WHil, ihl'l'11 
hns come a n:w influx of travel le rs, a r vi v:i l of Poly nesinn ex plorn I ion liy 11111 
Bishop J\,Iuseum, the CJ·eation of a great _volc:1:ni c: nati~nal •P~,i-k and 11, Hlll' l' IIH 
sio n of intemational congresses call e<l l11 th e1· by t h e mclonntable r 111 '1·~.Y 1111cl 
vision of :Mr. Alcxancler Hume Ford . The scientific congress of )920 Hl,i11111ilil 
erl Pan-Pacific volca no rnse:i.rch as never before mH1 the ne-w progrm11 ol' I hr1 
Vo lca no Re ·ear ch Association was pnrtly financccl under that _stimulus. 

A Program For the Future. 
This program suppl ements :rncl exp:rncls t he gov rn111 ent work of Lh r 11 11 

w:i ii:tn Volrano Observatory. You r m embers :it hom e ancl :ibroacl hav Jll'O• 
vidcd special funcls. Mr. P. G. Gates of Pas:1clen:1. proviled $1000 wh_ rQ 1\l.il.l\ 
to safco-uarcl our Tecorcls, ancl the people of Hilo so suppl cmentccl t h e gift l,hat 
a sc rvi~eablc i ron nncl con cr ete office huilding i now in process of erection. 
Mr. John BTooks Henclerson of Washington gave $3000 towanls boring exper i­
ments, a ncl this fu nd has been raised to $8000 by ge ne rou s additional contribu­
tion from citi zens ancl firms in Hawaii . Your Hrcctors hav e discussed si.-x 
other subj cts now iu progress or to be giv n attention in t,he immediate 
future . Th ey are (J) rn:iintenanGe of auxiliary seismograph station s; (2) 
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securing t.ho se r vices of che111ists; (3) publi ·hing back recorcls; (4) creating 
a volcano 11111se11111 at. Kilau a; (5) propagating the gospel of Yolcano observa­
t ri s in ot-l1cr l':i<'ifi · lands, aud ( 6) buildi ng a station on the summit of 
:Mnunn Lo:i. 'J'J,c Yl'ar J 921 JJrotluced from Hawaii a fu nd to create auxilia ry 
<':1.1'I 1, 111al1C' rc<·o1·ilrrs, ancl stations iu the hancls of paid obsm·vcrs ar e now 
oqu ippccl wit.h i 11 s tr11111cnt. in Hilo, Kona and Hilea. Already most interesting 
s i 111ogn:trn~ vr earth autographs liaY e been wl"itten i n different places on 
Jiapc rs moved by cloclnvoTk, showing a great difference of intensity for the 
s:i n, quake on op1Josite sicles of H:Lwaii. Kona on the west nncl the obser­
, a I ory on the cast, are registeTing t he way the grouncl tips or tilts from hotu 
1 n hour, and th' st.ucly of these pape1·s wi ll yie ld new i nformation about the 
~welling np a nd inki ng clown of )/fauna Loa. To Dr. Arno l1l Rombm·g, pro· 
fosso r of physics in th e University of Hawnii, our Association owes a debt 
of gntitLLde for the devotion aucl sk ill h e has p ut into the mal<iug of these 
inst rum ents, buil t with his own hands in th e shops of t ho unive rsity. 

'.l'h o Gco11hysic-:1 l· Laborntory of th e Carn egie Institution has clone 111ucl1 to 
help volc:1110 r search in Hawaii. Pr. E. . Shepherd has prepared elabora t e 
g-as :11i"aly.·cs for us, showing extraonlin:u.v re nlts from coTlections made with 
\':1e un111 tubes on Mauna Loa and Kil:wea. Although collected in the midst 
of Hvc nam es t hl•S(• g-ascs aT'p :tr g-rcntl y burnecl, and w ater Yapor is the prin­
r ipal product of ti, burning- as though hydrogen were t he p rincipal gas 
of the Jlame: . Dr. lcl. S. Washington ha· :111alyzccl our 1·ocks a ucl sa l t, 
and has rliscovere1l r:ir e minerals ide nti e:t l with omo of the Yolcanic cle­
posits of Italy, cont:1iJ1i11 g- tr:1<•es of c·opper. He is keenly iutorestecl in t h e 
projec t to m:ikc hori ngR i nt.o "J<.il:111c:1 , a nd proposes to hring up, at a Euro­
pean sci •nti fi c <·ongrcss this coming- st11111ncr, the q uestion of bo1·ing into other 
,·olcanocs. Dr. A. L. Day, director of tho Geophys ical Laborntor.)', ha s enlisted 
th' in t re, t of the president of th (':n11egio Ill tit 11 tio11, so t ha t money has 
1 een a llot.tcd fo t· sending a pa rt~• of sldll ecl chem ists ancl sp ct ro cope experts 
abo u t September, llJ:!:.l, the 111011 se lecte rl being D r. Bnb ock of t he Mount I\ ii ­
son Obscn·atory anrl Drs. Al len ancl Zies of the Washington laboratory. '.l'his 
wi.11 go far towards solv ing some of our che mic a l problems at Haw:1i inn Yol ca­
noPS. I am gr cntly inc1cbtec1 to Dr. Ilipperton, r hcmist of t he U . S . Depart­
me n t of Agriculture, for analyses of so111c of the solfatn ri c deposits aucl cem e11t­
ing agents which fonu t he cr usts :ma white coat ing· 011 t he ash beds of 1790. 

T hus the new progT:1111 provides a fireproof offi ce for t he :i.r ch ives, enlists 
the interest of chemists, harness s Hawaii with delicate seismographs, and 
tnrts experiments clenling with unclergro11ncl h eat, by clrilli.11g into the rock. 

'rhe nnt.ional park aclmini stration w ill tal,e cm·e of a better track up Mauna 
Loa and of a museum for tom·i ts at Kilauea. Th e Research Association fund s 
of next ye:u- a ud thereafter may b loolce<l to for provision of attractive pub­
lication 0£ result of t he sci ntiii , wol'k, nu l i t is hoped an agen cy for financing 
vol cano obs rvalory p ropaganda w ill be found oventunll y. Today I want ~o 
h arp on two . t.i-ings- the h-illing project anl tho station for Mauna Lo:>,. 

Drilling Project . 

. ·wh en Mr. Hcn1lerson handed me his ch que ho saicl: " se it. for making 
a beginning in bori 11g at Kilauea, clo whatever will make for. progress. " ' c 
111 u8t start fouling out ab out nucler grouncl conditions at t ho Yolcauo.'' Thi s, 
then, is th J,ey11otc , 1-o m:1ke :i. sta rt, to experi111 c11t, to break grouncl in a 
11ew ventur '· 'fh o 011 tirn histo 1·y of th e past ten years has iuvolvecl r oughing 
cut whnt needs cl:ibomte treatment fater, :i.ncl one of the b est achievemen ts 
of your soci ty has been t h e , rough rlrnft of :i volcano observatory which you 
have writte n i n to tho past llc ncle of human history. You have rough h ewn a 

·monument thnt. the 11,cr ie:i.11 govern ment hns thought \Yorthy of perpetuating. 
'!'h e small sum of money availabl e for :first clrillings in to Hawaiia n Jav\t 

ma y do rm i n teres ti ng bit of pionee r wo rk if we use it fo1· path-breaking, a ncl 
1·ef rai 11 from grand iloquent talk ancl intoxicating dreams. First of all we 
want to .know how bot the ground is. That means m easurement of temper ~ture 
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:is t hey affect plans for the future. 'rl1cy haxc show n that ~f:1una Loa is a 
prime cent('r of activity sympathetic with Kil:iu_ea,; th~t e,1rth('Ju:1kcs cluster 
around the Mauna Loa. ccnte1·; that both mountan~ spht op_ n a11cl t.!1row ?ut 
lan1. along clefinit.c rift lin e ; that gas is t)1e clomrnant h •:it111g- a111L 1111p ·lhng 
:tgcut in ernptions; that th heat may even rncrca e towarl_ tl ,c H11rf 11<• 0 l!•r?t'.gh 
tl;e burning of the gas and that the J_ava s 1:1-iay a~lcl to thrn h~11t. hy 0~1(li z111g 
in the a.i.r; that chemistry, therefore, 1s a vitally 1mpo1·taut .se,r11 ·o ncl,1111.'ct to 
volca nology; that tidal movements 1n:1kc the 1:1.va rise and fu 11 H,\'H I c•ninl 10:dly, 
day and n ight, pring a11d summer, decade nncl cc1;1tm·y; thnt lht1Ho l'i H111g-s a nd 
falliugs, heatings :rncl cooliH gs, tiltings :rn1l trcmbhngs, all " '. ol"i lo j.(1'1111"' 1111,_lcr 
incxornblc Jaw which gives 11cw interest to the p:issage of 111110 011011 1111 1H·l1vo 
Yel<· :rno, whether reckoned iH seco nds, rn)uutcs, clay~, mo11Lh ~ or ,\'11111'H, l•:11c·h 
0£ thc ··c uuits of Lime may be ]llltO :is 1m1 oi-tant lll rc ,·l•:tl111~ Hi•\\>11llfl 1' cll H 
covery through the rn clium ot' :m instrument actuate~ by dol1<•:il11 1<1111· 111,•(ll'i< 
8ct up a n cl a nchored at one place, a a ny of. those umt of: HJ)ll!'11 11111d11 11111<•h 
of by the explorer or ,1strn 11omer. Depths, di?taucos anti diHtl'il11tl h111 H 111·11 
rnalt.ers of int rest in .-oleano stucly also. But it must not h11 1'111·1-1 1111<111 th11I 
the ultima te aim of aeology is ea r th hi tory :111(1 thi ·, like h 111111111 hl Hln1•,1·, 
c:rn be l carly ll ecipl1erod ouly by studyiug mi .11u tely th lii Hlory ol' t1t 11 
present. 

Turning Points of Progress. 

The critical urning points of progr?ss in Hnwaii:m v_olCHllO r11H1•11r1•h 11 "" ' ' 
( 1 ) tile propo a l to have rm ol sen ·atory rn 1_!)09: (:.l) the gift, or 1111 11hNtll' \J illl l',1 

h11ilding by Hilo :rncl of 111011 ~y by .EI011olulu and t he Ma s:1,· h11 At'II H l1 1Hlli11l t' 11 t' 
'l',:,rihnology in l!ll2; (3) the publ icatiou of :t Tcgu_l:ir b11( ldi11 111'11'1' 1111 :J: ( 11 

lilo experi ments, photogrnphs, g:1s analyses, sou.11d111gs, t 1clt• ~111·,11,vH 1111d J., ,,, 
pPr:.1.t,uro meas ureme nts 111:idc pos iblc by the great acth·ity of th <• ,v,1111 H 111 111 :: 1; 
(G) t.ransfcr of the obsen·ator.r to U ni ted States W ca tl~er B111·,•1111 i11 1111 11, 11 11,I 
J:18 Uy the adoptio n of a new 1iYo-yoar progr:1 11 1 of cxpc nmcntal 1'(' M1•111•1•h il,1· 11 11 • 
Hawaiian Vo lc:Jllo Research Association in H120. 

The past clec:tele has t hus fou nderl the kccpi 11g of: a p<• rn 111111•11I 1<•1•(11·cl 
0 , vo lcanic :ictivity in Hawaii by creating a go,·ernment est:1 l>liRl11111111I t'u1· 1h 11 
p11 rpose. It has started experim ents investigatin g th e cl pt.h, I 11111 p1 •1·11 I 111·<•, 
co 11 1position and viscosity of Hawaiian l:was iu the fie I cl nncl th e 11111·t Ii 111111 l11t1 H 
wh ich pass through t he lancl s adjacent to t h ose Javas. It has HI n rt <'ii II lll' W 
ox pcr.imental spirit in cl ea ling with _tl'l c origin and. prog:r css of I 11 11,101111 I 1d 11 tt , 
soils and shorelines of t h ese mysterious :m cl beautiful 1sla11cls thnl I 1•11111 1111111 
imm emol'ial hav e been slo,wly rising a ncl fa llin g in t h e miclst o l' the worlil 1H 
great est occnn. Ancl in the trnin of th is exper.imentnl aclventurr, c• 1ilr•r1 •d 1110 
with such vio-or anil fin e corcl iality by the men a 11 d women of llll WHil, ihl'l'11 
hns come a n:w influx of travel le rs, a r vi v:i l of Poly nesinn ex plorn I ion liy 11111 
Bishop J\,Iuseum, the CJ·eation of a great _volc:1:ni c: nati~nal •P~,i-k and 11, Hlll' l' IIH 
sio n of intemational congresses call e<l l11 th e1· by t h e mclonntable r 111 '1·~.Y 1111cl 
vision of :Mr. Alcxancler Hume Ford . The scientific congress of )920 Hl,i11111ilil 
erl Pan-Pacific volca no rnse:i.rch as never before mH1 the ne-w progrm11 ol' I hr1 
Vo lca no Re ·ear ch Association was pnrtly financccl under that _stimulus. 

A Program For the Future. 
This program suppl ements :rncl exp:rncls t he gov rn111 ent work of Lh r 11 11 

w:i ii:tn Volrano Observatory. You r m embers :it hom e ancl :ibroacl hav Jll'O• 
vidcd special funcls. Mr. P. G. Gates of Pas:1clen:1. proviled $1000 wh_ rQ 1\l.il.l\ 
to safco-uarcl our Tecorcls, ancl the people of Hilo so suppl cmentccl t h e gift l,hat 
a sc rvi~eablc i ron nncl con cr ete office huilding i now in process of erection. 
Mr. John BTooks Henclerson of Washington gave $3000 towanls boring exper i­
ments, a ncl this fu nd has been raised to $8000 by ge ne rou s additional contribu­
tion from citi zens ancl firms in Hawaii . Your Hrcctors hav e discussed si.-x 
other subj cts now iu progress or to be giv n attention in t,he immediate 
future . Th ey are (J) rn:iintenanGe of auxiliary seismograph station s; (2) 
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securing t.ho se r vices of che111ists; (3) publi ·hing back recorcls; (4) creating 
a volcano 11111se11111 at. Kilau a; (5) propagating the gospel of Yolcano observa­
t ri s in ot-l1cr l':i<'ifi · lands, aud ( 6) buildi ng a station on the summit of 
:Mnunn Lo:i. 'J'J,c Yl'ar J 921 JJrotluced from Hawaii a fu nd to create auxilia ry 
<':1.1'I 1, 111al1C' rc<·o1·ilrrs, ancl stations iu the hancls of paid obsm·vcrs ar e now 
oqu ippccl wit.h i 11 s tr11111cnt. in Hilo, Kona and Hilea. Already most interesting 
s i 111ogn:trn~ vr earth autographs liaY e been wl"itten i n different places on 
Jiapc rs moved by cloclnvoTk, showing a great difference of intensity for the 
s:i n, quake on op1Josite sicles of H:Lwaii. Kona on the west nncl the obser­
, a I ory on the cast, are registeTing t he way the grouncl tips or tilts from hotu 
1 n hour, and th' st.ucly of these pape1·s wi ll yie ld new i nformation about the 
~welling np a nd inki ng clown of )/fauna Loa. To Dr. Arno l1l Rombm·g, pro· 
fosso r of physics in th e University of Hawnii, our Association owes a debt 
of gntitLLde for the devotion aucl sk ill h e has p ut into the mal<iug of these 
inst rum ents, buil t with his own hands in th e shops of t ho unive rsity. 

'.l'h o Gco11hysic-:1 l· Laborntory of th e Carn egie Institution has clone 111ucl1 to 
help volc:1110 r search in Hawaii. Pr. E. . Shepherd has prepared elabora t e 
g-as :11i"aly.·cs for us, showing extraonlin:u.v re nlts from coTlections made with 
\':1e un111 tubes on Mauna Loa and Kil:wea. Although collected in the midst 
of Hvc nam es t hl•S(• g-ascs aT'p :tr g-rcntl y burnecl, and w ater Yapor is the prin­
r ipal product of ti, burning- as though hydrogen were t he p rincipal gas 
of the Jlame: . Dr. lcl. S. Washington ha· :111alyzccl our 1·ocks a ucl sa l t, 
and has rliscovere1l r:ir e minerals ide nti e:t l with omo of the Yolcanic cle­
posits of Italy, cont:1iJ1i11 g- tr:1<•es of c·opper. He is keenly iutorestecl in t h e 
projec t to m:ikc hori ngR i nt.o "J<.il:111c:1 , a nd proposes to hring up, at a Euro­
pean sci •nti fi c <·ongrcss this coming- st11111ncr, the q uestion of bo1·ing into other 
,·olcanocs. Dr. A. L. Day, director of tho Geophys ical Laborntor.)', ha s enlisted 
th' in t re, t of the president of th (':n11egio Ill tit 11 tio11, so t ha t money has 
1 een a llot.tcd fo t· sending a pa rt~• of sldll ecl chem ists ancl sp ct ro cope experts 
abo u t September, llJ:!:.l, the 111011 se lecte rl being D r. Bnb ock of t he Mount I\ ii ­
son Obscn·atory anrl Drs. Al len ancl Zies of the Washington laboratory. '.l'his 
wi.11 go far towards solv ing some of our che mic a l problems at Haw:1i inn Yol ca­
noPS. I am gr cntly inc1cbtec1 to Dr. Ilipperton, r hcmist of t he U . S . Depart­
me n t of Agriculture, for analyses of so111c of the solfatn ri c deposits aucl cem e11t­
ing agents which fonu t he cr usts :ma white coat ing· 011 t he ash beds of 1790. 

T hus the new progT:1111 provides a fireproof offi ce for t he :i.r ch ives, enlists 
the interest of chemists, harness s Hawaii with delicate seismographs, and 
tnrts experiments clenling with unclergro11ncl h eat, by clrilli.11g into the rock. 

'rhe nnt.ional park aclmini stration w ill tal,e cm·e of a better track up Mauna 
Loa and of a museum for tom·i ts at Kilauea. Th e Research Association fund s 
of next ye:u- a ud thereafter may b loolce<l to for provision of attractive pub­
lication 0£ result of t he sci ntiii , wol'k, nu l i t is hoped an agen cy for financing 
vol cano obs rvalory p ropaganda w ill be found oventunll y. Today I want ~o 
h arp on two . t.i-ings- the h-illing project anl tho station for Mauna Lo:>,. 

Drilling Project . 

. ·wh en Mr. Hcn1lerson handed me his ch que ho saicl: " se it. for making 
a beginning in bori 11g at Kilauea, clo whatever will make for. progress. " ' c 
111 u8t start fouling out ab out nucler grouncl conditions at t ho Yolcauo.'' Thi s, 
then, is th J,ey11otc , 1-o m:1ke :i. sta rt, to experi111 c11t, to break grouncl in a 
11ew ventur '· 'fh o 011 tirn histo 1·y of th e past ten years has iuvolvecl r oughing 
cut whnt needs cl:ibomte treatment fater, :i.ncl one of the b est achievemen ts 
of your soci ty has been t h e , rough rlrnft of :i volcano observatory which you 
have writte n i n to tho past llc ncle of human history. You have rough h ewn a 

·monument thnt. the 11,cr ie:i.11 govern ment hns thought \Yorthy of perpetuating. 
'!'h e small sum of money availabl e for :first clrillings in to Hawaiia n Jav\t 

ma y do rm i n teres ti ng bit of pionee r wo rk if we use it fo1· path-breaking, a ncl 
1·ef rai 11 from grand iloquent talk ancl intoxicating dreams. First of all we 
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in .fifty pla.ces at depths · no t exceeding 100 feet. It. is. no t ? nou a-h t o. take _the 
temperatur e nt surfa ce c1·acks, for these :ll'e f ull of mr, of mnny width~ and 
a t. rill angles to th e wind. "\Ve must s?rvey and ma1 th t~mpernture of t~ie 
rock itself, and it cannot be sotmc1ecl lik e :t Java lake, for it 1s a h ard solid . 
Borings a huncl recl feet deep in a Ja nel ~here. c racks ?pen t.l 11 11 d voured out floocls 
of hot Java one two three, fou r , six, eight a11cl fifL n y ars ago are of 
fasci nating inter~st. Th e result wm be a Jot of p rolil H •Lions across ~r ater 
and across r ifts sh owin g changes of temperatlll'e :Lt, :tl' h pla('e 2~, 50, 7v ant! 
100 feet down an d chauo-es of temperature a1> ross ,·ou 11 I ry :, t l ,k c depth a 
lrnlf-rnil e apart'. The Java"' of J 919 fiJled one sid of t.h 1 _hi~ <:rnt. '!· fl oor f~r a 
clepth of 50 feet, nnd clou 'ls of st eam rise t h re CVt'l'Y I 11t10 it ra,ns; _possibly 
the rock is reel hot 40 feet clown, anc1 cooler 60 fl'c•t dow11• ~,· 110,Bs 1hly LI., 
Java blanket has r a ised the temper ature of: th o ,·ork ltc•low. 1•,x p n111 111. will 
o-ivc t h e answer. Th e Alika ilow bmicd forests 1111d Hl!Hl(1 1·h:11·,·o:)I or !It 
~voocl; the Java i s not very t hi ck and is till w11rn1; n Hhnllow. 1·orc-dnll bol'lng 
will show the Yarious substa nces and th• 1h1, rn1011w1, 1r w ill _ t II how lt ot 
i t is. This is of especial interc t bcca_u sc. n Mtth R1111 1<·t:, l'l'S;,mlJli,ng canncl coal 
was fonnc1 among t he la,·as at Olaa 111111 rn II w<'ll -hoJ 111 g _oo feet below sca­
lcYeL 

Advantages ·of Shallow B oring. 
I£ several shallow, small h oles arc ccur<·1l 1,y r:1pi] auc1 cheap c1rilli ng_ 

proccs cs, t hey become as cts of th o 0)1'c rvatnry fo r repeated n~ca.suron'. nts Of 
temperature in futmc ye:us. Oxicl::tt10.n pro ('sses or ga~ act;1on h a, e ,hccn 
known t o heat up cc1·tai11 cracks. It 1~ possible that t ins m1gh~ hnpp n_ t o 
:1rti fi ci a l holes. Or some of t h e hol es mi ght. show :1 seasonal or t i lnl h_c ~tu'.g 
anc1 cooling. Or possibly t he a1)proach to a c•o111i ng _e1:l1_Ption . n1ig.l1 t c. ·lt 1h1 t 1 ~1 

I.ho hol es a rise of temperature. In hor1 , the ac JU I 1t1011 of thJ a l101H•yc·omn 
into th e top of the mountain will p ro vide tht'. 1'_i<' ntific wod<cr~ wl11t an a.rrny 
of n ew lrnowlcc1ge similar to what w e got lit l!ll7 by t hl'u s t.111~ H1('(•1 pip s,­
tlt ermo111cters :incl chPmical s into the lava l :1.kes. When I t h en w1·01f1 Ill'. D:,y 
that we had struck lake bottom 40 feet dow n ,. he l'Cp li ccl: " ll, lH 111:1_11.Y Jong 
moons sin •c anything ·o ovcrwhcl111ing as your rc~c nt lettc1· l'. llM <•0 111,1 111l_o our 
a1.mosph"ero. '' That w:1 s the rc·ult of a very ,1mp lo . exp~• n111 c1 11 t. Hor111~ :t 
short distance clown is also simple, whcrea cl('cp bor.rng rn 1·,1111pll<·t1 lt'd :111 1l 
pxpc ttsivc. 'rhcrcforc, aftei· two year· of stud y of th.is q u •tt1 in 11 , I 111.1ht•Hil.:1l,­
i twly recommend for a beginning hallow borings at mnny pl111· 'H, wtllt 11'111-
]•0~ature measurement as the main object. 

:Field Already Prepared 
L et me say that the fi elc1 is magnificently prcpai·ed £or I.hi s wo ,·1< hy tlto 

late volcanic history ai1d the con tour mappino- recently don(' I y 'I,·. ll11rl1lnn<l 
a ncl his associates of the . S. Gcologic11l S11~v y. 'l'h e gr at 111•l ivlly ol' llolh 
l\fauna Loa a nd Kilauea in 1916, 1919 and tl, r •after ha~ lol't 11 l:111 tl pl11Hl r d 
with f resh lava and rifted open along !tot zo 11 0~. Those p l: u· s lt :11· t lttl\'tl 11 1•wl,v 
mappecl on a scale of two in ches to the rnilu i 11 192 1. 11 t,h •s u.1:1pH 11111 lw~· , 
hol si tes nw y be laicl off, ancl the nature of t he •ou11 l.ry for mov111g- l it , 1•q111p, 
rnent and ))lacing camps is all freshly stndi cl by th survey worl ,•rH. !'tp r 
WC have determined t ho change of temJ)erntu r of t l~ c groun d at Sll ,Y .fl U 1::1111(~ 
on a line- three mil es long, across the Knu De ert nf:t th at crn1 t tl 111 11(•~0, it. 
will be keenly intei·csting to take tempei-nturcs .at holes a~ro s th e . I l' tt H10 11 of 
that r ift towards Paha l a, fai·ther sontlt. In the same fasluo.11 :we a 11 C1v111d,u1d ly 
c ·amine the · under<Trouncl temperature across the 1 40 rift t hat cxl,r ntl tt HM I,· 
ward from Ki lauea"'towards Kapoho, in Pun:i, or t he gr e_at southern n u<l ·n rth ­
castern rift zones of Manna Loa which t1·onil respectively tow:t rd s I 11httl<t1 
m, c1 towards Hilo. Is t here still h ent Ull lc rground in t h e 1 l flow bn k or 
Hilo i Th ere certainl y is in the mountain i-cgion ~t its so u1·c . Is t h r Lill 
h eat und ero-rouncl in Hualalai a nd Haleakala 1 Borrngs may toll. Is there hot 
ground in "'the direction of Napoopoo, in Kona, wb ere a submarine erup-
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tion from Mrum :t Lon occurr<'cl in 1 77'/ You will sec from th e·c quest ions tltat 
t ltis bo rin g proposil.ion i · concerned with geography a ucl history, a nd that 
much. may b loarn ctl without entering t he .field of deep d rill ing, always a n ex, 
p nsi vc nt q l'isc. 

J :1111 gr ally .i11 dcbtcd to engineers in Hn,waii and to twenty manufacturers 
of 111:i hin 1-y n tho mainl and, for adv i c concerning the possi b ilities of hammer, 
<· hnrn , rot:1ry a nd core drilling iu dealing with t he peculiar rocks of a dry 
,. Jea nie bn d. 'l'h c expe rim ental attack h ere suggested will r eveal mu ch con­
ce rn ing m ethod as well :1 concer ning scientific results. Ea.ch [) l'0cess invo lves 
nrw feat ure , th e woi-ldng of t he rock, transpor t ing m:1.chincs over l ava, pro­
dd in g wa tel' and ilcvising suitabl e t h ermometers. After th ree months of actual 
work wi t h th e aid of skilled clrill runners we shall k now m uch rnol'e about the 
whole subject than we do now, a nd the resu lts attained by making a tempm•, 
aturc map of the ground will show where it m ay be p1·ofitable to put clown a 
few deeper holes to depths of several hunclrccl feet. This subj ect, a ncl the study 
of t h e r ock by core-ilrillil, g, may be left t o the teachings of experience. 

Manna Loa Station. 
Por some ye :11·s p:,st lltt cxtm1s ion ha s been di. cussed o.f t he work o.f vo l­

(':t no researt h, :tlo 11 g wi t.It study of t he uppc 1· atmosplt crc, havi11 g in view 
co 11 Li nu o11 s Ot'l' tt]' Hl,io11 f a station n cn r the summi t of M:wnu Loa in the su m­
mc1· mont lt s, and 80tt tC' m:1i 11tl•11:111 c of so lf -r co rding instn1rn cnts t he re even 
dul'i"ng tlte winter. 'l'h e pa t dccaclc h:,s rev nlcd t he irn]J01·t:1ncc of M:iuna Loa 
and has rnughly outlined t he 11ine-y •:tr cycle of eruptio ns ,,,herein both Kil a uen; 
and Mnunu Loa play a part. Of t ho c: 11:tl,qu rtke movements on Manna Loa WIJ 

know 11oth ing. A roacl up th rnount:iin is now ta lked of, but, road or no road, 
WC' need shelte r, f uel ai1cl water at th e summit unc1 a n improv ed route u p 
·whi eh :1 traetol' 01· some such vehi cle can pull supplies ana in ·tnnncnts. 'ro 
fini sh a road may take several years, a nc1 the next summi t erupt.ion is likely to 
occm in 192;! or 1914. 'l'hc distr ess clue to stor ms, co ld anc1 alti t ude, ancl the 
11cccl for staying at t he su mmit long enough to become acclirn atizecl, make it 
in ,perativc t hat a r ongh but pa sable track aml ·a wooden ca mp be built at 

, :M okuaweowco soon if a ny sci entific work i s to be done there during the n ext 
outbreak. 

Here nga\ n the experimental spirit is call ed fo r , an<l t h e sum of $5000 
would rough out a track and a summit camp. This would be the enterin g wedge 
for getting more travell ers to the mountain, carrying in road supplies, making 
road labor l ess expe nsive, nncl easing the work of the U ni tecl States t opog·raph­
e rs so as t o get good maps promptly . 'l'his map1Ji ng should ce1·tai nly be c1011 c 
i 11 the s u111m c1· of: 1922. A tl outbreak is no t liJce ly to occm· before midsumme1· 
of ]923, b u t th e reafte r it is J>ossibl wint e r or summer, with mag.nifi cent froth­
ing, fi e ry founta in s ltu~clrocls of fc t in h ight. 

The Nine-Year Interval. 

Whou sp aki ng of !l ninc-y ur intorvnl it shoulcl unclc rstJocl that an 
eruptive l erio(I is .11 ot a sin gle even t, but a succession of: p hases lastino- years, 
and each p has i~ about nin e years nfter the co -responding phase of t he last 
emptive period. 'l' hn s th• first phase of t he last period was at Mokuawcowco, 
in November, l!l l ..J-. A line of g igantic fo un tai ns sptu tecl up through th e flool' 
of the smn-mi t t• 1·1tt 1·, l ut. no one saw tho comme ncement. No one h as ever 
seen a M:wna I ,on rupliou at the start, beca use t h e start is always at the 
su1_>1rnit region. W'o want to c the n ext one star t ()lld the only way to org:mi,1,e 
for it is to pi· pm· :1 gooc1 trail, a hou se ancl suitnble supplies :1t t h e s11U1mit. 
'l'ho pi-cp:lt'nti II woultl be worth t h e $5000 if ouly for the photogrn.phs and mo,•, 
ing pi •tu ros tlt:it 111n,y be t:1.ken. 

Th e apprtr:ttus tit rt t we shall set. up on Ma uua Lon includ es e:ll'thquakc 
record rs, metco1·ologicn) instr_urnents and t hermometers fol' grou11d tempera­
t ures. 'l'h o m t lt ods us I at Kilauea may be usefully applied to prepare on e or 
two bore-ho! s for contiuuo temperature measurements at t he Mau.na L oa 
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in .fifty pla.ces at depths · no t exceeding 100 feet. It. is. no t ? nou a-h t o. take _the 
temperatur e nt surfa ce c1·acks, for these :ll'e f ull of mr, of mnny width~ and 
a t. rill angles to th e wind. "\Ve must s?rvey and ma1 th t~mpernture of t~ie 
rock itself, and it cannot be sotmc1ecl lik e :t Java lake, for it 1s a h ard solid . 
Borings a huncl recl feet deep in a Ja nel ~here. c racks ?pen t.l 11 11 d voured out floocls 
of hot Java one two three, fou r , six, eight a11cl fifL n y ars ago are of 
fasci nating inter~st. Th e result wm be a Jot of p rolil H •Lions across ~r ater 
and across r ifts sh owin g changes of temperatlll'e :Lt, :tl' h pla('e 2~, 50, 7v ant! 
100 feet down an d chauo-es of temperature a1> ross ,·ou 11 I ry :, t l ,k c depth a 
lrnlf-rnil e apart'. The Java"' of J 919 fiJled one sid of t.h 1 _hi~ <:rnt. '!· fl oor f~r a 
clepth of 50 feet, nnd clou 'ls of st eam rise t h re CVt'l'Y I 11t10 it ra,ns; _possibly 
the rock is reel hot 40 feet clown, anc1 cooler 60 fl'c•t dow11• ~,· 110,Bs 1hly LI., 
Java blanket has r a ised the temper ature of: th o ,·ork ltc•low. 1•,x p n111 111. will 
o-ivc t h e answer. Th e Alika ilow bmicd forests 1111d Hl!Hl(1 1·h:11·,·o:)I or !It 
~voocl; the Java i s not very t hi ck and is till w11rn1; n Hhnllow. 1·orc-dnll bol'lng 
will show the Yarious substa nces and th• 1h1, rn1011w1, 1r w ill _ t II how lt ot 
i t is. This is of especial interc t bcca_u sc. n Mtth R1111 1<·t:, l'l'S;,mlJli,ng canncl coal 
was fonnc1 among t he la,·as at Olaa 111111 rn II w<'ll -hoJ 111 g _oo feet below sca­
lcYeL 

Advantages ·of Shallow B oring. 
I£ several shallow, small h oles arc ccur<·1l 1,y r:1pi] auc1 cheap c1rilli ng_ 

proccs cs, t hey become as cts of th o 0)1'c rvatnry fo r repeated n~ca.suron'. nts Of 
temperature in futmc ye:us. Oxicl::tt10.n pro ('sses or ga~ act;1on h a, e ,hccn 
known t o heat up cc1·tai11 cracks. It 1~ possible that t ins m1gh~ hnpp n_ t o 
:1rti fi ci a l holes. Or some of t h e hol es mi ght. show :1 seasonal or t i lnl h_c ~tu'.g 
anc1 cooling. Or possibly t he a1)proach to a c•o111i ng _e1:l1_Ption . n1ig.l1 t c. ·lt 1h1 t 1 ~1 

I.ho hol es a rise of temperature. In hor1 , the ac JU I 1t1011 of thJ a l101H•yc·omn 
into th e top of the mountain will p ro vide tht'. 1'_i<' ntific wod<cr~ wl11t an a.rrny 
of n ew lrnowlcc1ge similar to what w e got lit l!ll7 by t hl'u s t.111~ H1('(•1 pip s,­
tlt ermo111cters :incl chPmical s into the lava l :1.kes. When I t h en w1·01f1 Ill'. D:,y 
that we had struck lake bottom 40 feet dow n ,. he l'Cp li ccl: " ll, lH 111:1_11.Y Jong 
moons sin •c anything ·o ovcrwhcl111ing as your rc~c nt lettc1· l'. llM <•0 111,1 111l_o our 
a1.mosph"ero. '' That w:1 s the rc·ult of a very ,1mp lo . exp~• n111 c1 11 t. Hor111~ :t 
short distance clown is also simple, whcrea cl('cp bor.rng rn 1·,1111pll<·t1 lt'd :111 1l 
pxpc ttsivc. 'rhcrcforc, aftei· two year· of stud y of th.is q u •tt1 in 11 , I 111.1ht•Hil.:1l,­
i twly recommend for a beginning hallow borings at mnny pl111· 'H, wtllt 11'111-
]•0~ature measurement as the main object. 

:Field Already Prepared 
L et me say that the fi elc1 is magnificently prcpai·ed £or I.hi s wo ,·1< hy tlto 

late volcanic history ai1d the con tour mappino- recently don(' I y 'I,·. ll11rl1lnn<l 
a ncl his associates of the . S. Gcologic11l S11~v y. 'l'h e gr at 111•l ivlly ol' llolh 
l\fauna Loa a nd Kilauea in 1916, 1919 and tl, r •after ha~ lol't 11 l:111 tl pl11Hl r d 
with f resh lava and rifted open along !tot zo 11 0~. Those p l: u· s lt :11· t lttl\'tl 11 1•wl,v 
mappecl on a scale of two in ches to the rnilu i 11 192 1. 11 t,h •s u.1:1pH 11111 lw~· , 
hol si tes nw y be laicl off, ancl the nature of t he •ou11 l.ry for mov111g- l it , 1•q111p, 
rnent and ))lacing camps is all freshly stndi cl by th survey worl ,•rH. !'tp r 
WC have determined t ho change of temJ)erntu r of t l~ c groun d at Sll ,Y .fl U 1::1111(~ 
on a line- three mil es long, across the Knu De ert nf:t th at crn1 t tl 111 11(•~0, it. 
will be keenly intei·csting to take tempei-nturcs .at holes a~ro s th e . I l' tt H10 11 of 
that r ift towards Paha l a, fai·ther sontlt. In the same fasluo.11 :we a 11 C1v111d,u1d ly 
c ·amine the · under<Trouncl temperature across the 1 40 rift t hat cxl,r ntl tt HM I,· 
ward from Ki lauea"'towards Kapoho, in Pun:i, or t he gr e_at southern n u<l ·n rth ­
castern rift zones of Manna Loa which t1·onil respectively tow:t rd s I 11httl<t1 
m, c1 towards Hilo. Is t here still h ent Ull lc rground in t h e 1 l flow bn k or 
Hilo i Th ere certainl y is in the mountain i-cgion ~t its so u1·c . Is t h r Lill 
h eat und ero-rouncl in Hualalai a nd Haleakala 1 Borrngs may toll. Is there hot 
ground in "'the direction of Napoopoo, in Kona, wb ere a submarine erup-
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tion from Mrum :t Lon occurr<'cl in 1 77'/ You will sec from th e·c quest ions tltat 
t ltis bo rin g proposil.ion i · concerned with geography a ucl history, a nd that 
much. may b loarn ctl without entering t he .field of deep d rill ing, always a n ex, 
p nsi vc nt q l'isc. 

J :1111 gr ally .i11 dcbtcd to engineers in Hn,waii and to twenty manufacturers 
of 111:i hin 1-y n tho mainl and, for adv i c concerning the possi b ilities of hammer, 
<· hnrn , rot:1ry a nd core drilling iu dealing with t he peculiar rocks of a dry 
,. Jea nie bn d. 'l'h c expe rim ental attack h ere suggested will r eveal mu ch con­
ce rn ing m ethod as well :1 concer ning scientific results. Ea.ch [) l'0cess invo lves 
nrw feat ure , th e woi-ldng of t he rock, transpor t ing m:1.chincs over l ava, pro­
dd in g wa tel' and ilcvising suitabl e t h ermometers. After th ree months of actual 
work wi t h th e aid of skilled clrill runners we shall k now m uch rnol'e about the 
whole subject than we do now, a nd the resu lts attained by making a tempm•, 
aturc map of the ground will show where it m ay be p1·ofitable to put clown a 
few deeper holes to depths of several hunclrccl feet. This subj ect, a ncl the study 
of t h e r ock by core-ilrillil, g, may be left t o the teachings of experience. 

Manna Loa Station. 
Por some ye :11·s p:,st lltt cxtm1s ion ha s been di. cussed o.f t he work o.f vo l­

(':t no researt h, :tlo 11 g wi t.It study of t he uppc 1· atmosplt crc, havi11 g in view 
co 11 Li nu o11 s Ot'l' tt]' Hl,io11 f a station n cn r the summi t of M:wnu Loa in the su m­
mc1· mont lt s, and 80tt tC' m:1i 11tl•11:111 c of so lf -r co rding instn1rn cnts t he re even 
dul'i"ng tlte winter. 'l'h e pa t dccaclc h:,s rev nlcd t he irn]J01·t:1ncc of M:iuna Loa 
and has rnughly outlined t he 11ine-y •:tr cycle of eruptio ns ,,,herein both Kil a uen; 
and Mnunu Loa play a part. Of t ho c: 11:tl,qu rtke movements on Manna Loa WIJ 

know 11oth ing. A roacl up th rnount:iin is now ta lked of, but, road or no road, 
WC' need shelte r, f uel ai1cl water at th e summit unc1 a n improv ed route u p 
·whi eh :1 traetol' 01· some such vehi cle can pull supplies ana in ·tnnncnts. 'ro 
fini sh a road may take several years, a nc1 the next summi t erupt.ion is likely to 
occm in 192;! or 1914. 'l'hc distr ess clue to stor ms, co ld anc1 alti t ude, ancl the 
11cccl for staying at t he su mmit long enough to become acclirn atizecl, make it 
in ,perativc t hat a r ongh but pa sable track aml ·a wooden ca mp be built at 

, :M okuaweowco soon if a ny sci entific work i s to be done there during the n ext 
outbreak. 

Here nga\ n the experimental spirit is call ed fo r , an<l t h e sum of $5000 
would rough out a track and a summit camp. This would be the enterin g wedge 
for getting more travell ers to the mountain, carrying in road supplies, making 
road labor l ess expe nsive, nncl easing the work of the U ni tecl States t opog·raph­
e rs so as t o get good maps promptly . 'l'his map1Ji ng should ce1·tai nly be c1011 c 
i 11 the s u111m c1· of: 1922. A tl outbreak is no t liJce ly to occm· before midsumme1· 
of ]923, b u t th e reafte r it is J>ossibl wint e r or summer, with mag.nifi cent froth­
ing, fi e ry founta in s ltu~clrocls of fc t in h ight. 

The Nine-Year Interval. 

Whou sp aki ng of !l ninc-y ur intorvnl it shoulcl unclc rstJocl that an 
eruptive l erio(I is .11 ot a sin gle even t, but a succession of: p hases lastino- years, 
and each p has i~ about nin e years nfter the co -responding phase of t he last 
emptive period. 'l' hn s th• first phase of t he last period was at Mokuawcowco, 
in November, l!l l ..J-. A line of g igantic fo un tai ns sptu tecl up through th e flool' 
of the smn-mi t t• 1·1tt 1·, l ut. no one saw tho comme ncement. No one h as ever 
seen a M:wna I ,on rupliou at the start, beca use t h e start is always at the 
su1_>1rnit region. W'o want to c the n ext one star t ()lld the only way to org:mi,1,e 
for it is to pi· pm· :1 gooc1 trail, a hou se ancl suitnble supplies :1t t h e s11U1mit. 
'l'ho pi-cp:lt'nti II woultl be worth t h e $5000 if ouly for the photogrn.phs and mo,•, 
ing pi •tu ros tlt:it 111n,y be t:1.ken. 

Th e apprtr:ttus tit rt t we shall set. up on Ma uua Lon includ es e:ll'thquakc 
record rs, metco1·ologicn) instr_urnents and t hermometers fol' grou11d tempera­
t ures. 'l'h o m t lt ods us I at Kilauea may be usefully applied to prepare on e or 
two bore-ho! s for contiuuo temperature measurements at t he Mau.na L oa 
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sununi t. It is possibl e to equip sucl, holes with scli'•reg.ister ing inst ruments 
t hat write the temperature change autooiat i al ly . 

Road Improvement Needed. 
I would be unfaithful to my t1·ust in cnt 1·in g upon tho second dcca~1~ _of 

volcanoloo-ical work on Hnwaii if I c1id not ncC'Cnt this ueed for added facilities 
upon Muuna Loa. Th e greatest tincl_ rn_ost vo lm1w1ou sly p_rod_uctivc ;~tive vo;· 
eano on the globe, Mauna Loa, still defies tho 1Lp p1·.ont·h of sCJcnce. _I he slo[ s 
o£ the mountain arc easy grndes, 111uch of Lhc lav a 18 s111o~th and easily travers: 
cd, motor tractors have been user1 011 Hal :tlrnla, :ind it 18 111erely a matter _of 
ca111J)ing a few weeks 011 the 111ot~1Lai11. with :1 ga ng of'_ t rn il ·n~:tk ~-s to bt'.iltl' 
:i 1·ouo-h track through to the summit which c·:1 1L I o 11Hutl Jor haul111g 111 supplies. 
Wl1e 1~ th is is clone the construction of :i. h11L is easy. . Jorn! co 1LLr,L •tor h:18 
offered to i111prov~ the upper str tc l1 of trail, fro ,11 1hc J' ut! laula hous. Lo 
the summit, for $500. If this will make a goo_l horse tmd, then Lo 1t L1111 s 
the amount will wic1en the trnil ·nilil'ie 11 t,ly to g1,· 1us·nge to a tractor, :uicl 
l :ivc something over for a camp. . . . . . 

In co nclu sion I beg to express my lee 1t I or ·onal aloha anc1 _grat~tucle t? 
Lite members of this Assoriation ·who have always been rcady to give tune ancl 
11 ,oney to the cm,se of volcano res •:uch for Lon yea!·s pas~. May I a_lso e~press 
the appreciati on of t.he Association for the way rn _ wluch tl_1e Umtetl 8tat~s 
Wc:1thcr Bu reau, through the Hou. Charl es F. l'.VIarv rn, has a1d_ed volcanolog1c 
1Jrogrcs in every way possible. And fi ually I w::tnt to thauk Mr. He_uc1crs~n 
(111 i[ Mr. Gates for th ir substantial contributions to tbe prog1·ess of scrnnce 1n 
Hawaii. 

PREP ARAT'IONS F OR BORING EXPERIMENTS. 

'l'he Board of Directors of Hawaiian Vol ca no Res •arch A_ssociatio~ Yoted 
on April 6, 1922, to authorize the Vole,~uologist Lo proceed w1th e:K1?e!·1m ental 
borings at Kilauea, as part of cooperative p rogram of work douc JOllltly ~y 
Association aul Weather Bureau. Mr. A. H. Hobart was engaged as clnll 
operator to furnish competent drillers, using an impnct or '' chmn'' c1!·ill for 
three months, beginning work in May. Flll'therm.ore . a l~ot core dnl_l was 
purchased for use after August ] . 'l'he plan of operatious 1s set forth 1u the 
foreouiug acldl'Css, :ind iu April it lcvolve J upon the Observatory staff to 
(l0lfJI tote surveys for location of wells to be bored, to arr::u1ge tractors 1111(1 other 
ilcvices for harding water and ma.c]1i11cry across lava fie lds, and to prepare a 
suitable water·supply and such rough roadwa)_'s as _ were necessary. !'- large 
part of the expense uuc1 labor of such test ~onngs lll dry, hare~ volca_mc cou11. 
t-,·y, without auy water except, that from 1·arnf:1ll and roo_f dram::ige 111to stor• 
age tm1ks, wHh no u11clerground water supply_ e'"'l)ectable 111 ~he ,~,ells, and the 
ro·k :1 porou c ra ckcc1 lava incapable of holclmg water, eons1 ts rn tr:msportn· 
1.ion and tmc.l,•maki ng . 

Preliminary tests clm·ing the p receding year Jrnc1 show11 (this BuJI t i11, Vol. 
JX, No . 5, p. Vl), that a small motor ca r is cn1 ;Lhl o of traveling ov r sands, 
gravels and pahoelioc lava s111·.faces_ of Kau Desert. J1nprovc~u •_uts sugg~stcc~ 
t,y rxperience were mac1 e b3" c1o ubhn g each l' :11· _who l 111ul f1ttJJ1g a pa!r. ot 
wide non•skid pnco111.1tic tires to each douhl_eL; t ln s. g:ivo_ t.o ·ach rnar unvm_g 
1·oll r eight inches of grooved n1bber trnr l1on s11 rh1 c , 111 ·l nclmg a small _mr 
spaee between ea r h 11air of wh~el ·. '!'he cloul_lc wh els -were made by boltrng 
t.wo 01·t1inary wheels too-other w1tl1 a wood n di sc b itwcen. A re~1· axle . ~Janet• 
:tl'Y gear system was addecl, giving thr C xtrn low gear rat10s lll ac1c1 ~t1on to 
the u ual two forwal'd :peeds and 0110 re v r~c. ll unuccc ·n1·y weight of 
l't' ndc rs st ps nnc1 fo ors was ren1oveil, :rnd at ,. •11,- encl of ct1.r was placed a draw• 
hnr a 11 ~ shackle and nn extra he:i vy spr ing. This convertccl the car into a 
g-t• non,1 utility Yehicle fo r u se both as t r:idor a11d conveyance for men and 
supplies, dcvisC'c1 to travel over ~u,y or lin:Hy. _rough lava or on tl1e surface of 
tlecp grnvels wl1C'rc a com mon trurk would dig 111 and be stall ed. 
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April ·14. t1ils ar was tested on the rouncleu crisp pahoeh oe ilows which 
l111rl pou rod out of Halcmauma u across the roacl1Yay to the east in 1918 auil 
l!l 1_9. yrom the road terminus to the ec1ge of th e pit the car climbed the foot 
trnd WLthout any _trouble by means of the lowest gear (g ar ratio 26 :1 ) . An· 
oth 1· tes t. w:i s mad e acro:s the l\J21 nows in . outh bay of Kilauea crater, along 
th flow that h::td peuetrntecl a gap in wall of crate r, and th ence to Kan Desert 
wJ,ci·c a rn 1L w.is made for se~·cTal mil es, returning to Kilauea by a different 
1·0 11l c. 'J'hcrc was no heating of engine and the car ca rtyi ng thr e 11crsons went 
01·t>r mu cl1 llc •p sand anc1 gravel. 
. A s111:1ll caterpi !lar tractor . was pul'(:hase,l a 11 power plant, ancl for hanl· 
111g wate r and maclunery. April 10 the traction of this machine was tested on 
a rocky r?ad aucl found defective for uch surfaces owing to side·slip due to 
renr steermg aud breakage clue to nnpact of steel on stone. Tlte tractor was 
remodeled and furnished with forward steering gear wheels ancl rubber ti.res. 
T~ere_afte_r it was u seful particularly for hauling sle'as with ·water•barrels, for 
sk1dd1ng no11 _s OYer rou~h ground, for road haulage especially in uarrow ways, 
and as a st:it,onary ng1ne. 

During the month sm-veys wer e made to locate places desirable for drill 
lirJI 8. It. was det.ernrin cl to place the fhst wells at 'ulphur Bank fln.t near 
Volrn11 llnn so wlwre t-on,pcratnr is high, gases a re i11teresting, an cl where 
Wlllc>J· . sup ply 1~:is kindly ofT:01·ccl for use by the hotel co mpany . 'fh e plat:e of 
n x_L 11,t 'l'l'~t 1H tht• floor of Kilaucn. cratc> 1·, where there :ire Tecent flow s 
clatrn g from I 01, 101 8, HJ IO, l!LO nncl 1921, of a vnrioty of thicknesses ancl ul t· 
know11 t,_c nqH•rnlurl'H. 111 01·cle1· to give sy 111111 t ry to the pr:lfile along which 
fir ·t bonng-•t r mperntu,·c•ij rnight be 111 as11r rl, i11 r lntion to the Kan Deso1t 
rift of 19:20 _:i11d ilH ext ' ll Hion north ast throngh Ha lemamnau, n point was 
!or·:1 1 ·cl pracl 1l' :il ly e nlrnl for the g reate r cirnl r ancl in l ine of the 1920 rift 
so ext.l'11d<•1l. A lin o was now sun• yccl :i cross th e crn.t r northwcst•southenst 
at right :u1 g l' lo tho rift :izimuth, an 1 throe stations fl:i ggocl T spectivcly ln 
ccntc1· ot cnit· r nncl ilOOO fc ut from c 11ter on ach ide along this Jjuc. Th e 
centc,· of crater l ics on a thin sem i•aa flow of Ma,· h 192 I, 1 00 feet north east 
of Litt le l3 gga r co110. Th e first crn.ter flag to be made accessibl e fo r borin•• 
was Ili c one southeast of cente r, lying on l 94 Java midway between Keana· 
lrnkoi rntcr and Center Flag. 

April 20 a route was pro. pectcil from th e Halemaumau roacl terminus to • 
ward 'enter Flng an.cl t he rnoto1· car was taken a half·mil o. The ground was 
b_a_c1: A few clays later a better route wa s found following southeast edge of 
I,1Jauea crater nol'tlnv arcl from Halemaumau l'Oaclway. 'l'his route fo llowec1 
contact of lava aud gr:iYel and then traversed smooth l:wa. Apri l 25 and 
ti.er after :i volunte_er row of ron~ bu~lcle1·s was hired :it Kilauea Milital'y 

nmp :md Lh so ·old,ers under the c1uect1on of Mr. R. H. Finch, meteoro logist 
at the lhsc ,·vato ry, he:1t down a rough track in fou r d:LyS. 'l'his with subS C'· 
q11cnt i111p1·ov ·men ts su Oi cccl in .June for hauling the drill rio- 1n to the South· 
east Flng. H was tC'sted wi th motor car April 30. 0 

VOLCANIC CONDITIONS IN APRIL. 

Activity of Halemaumau. 

t, th• l1<•gi 1111i11 g of April the· lav::i in }Ialernaumnu pit had been n srng 
steadily f'or lh1·r o wreks foul' or five fe et per clay, :Ind at the e ncl of the fir st 
week of 1h<• 1110,tl.h s toocl n2 feet below the precipitous rim where visitors stan d. 
'l'l1e c1·11gtt :111d 1'0rli.0 11 s of. t he cr:ite r floor hac1 risen f:1.-ter than the molten 
11ools th lti ghrMt; p e11k stn ncling ,117 feet above the liquid and on ly five feet 
ht'low ri111 of pit. ~'wo of the inner peaks came into the ,list.ant ·view from 
th 01Jso1·vnt.ory during the afl-ernoon of April 5. 

v11la11 ·hos f :illi11g fro m the crags would sometim es strike a cru sted lake 
lc•t.Li11g I os' 111 g.i s lwlow an d s tarting rnpic1 fom1dodn o- of crust slabs whil~ 
waves of' Ii ry rn It s11 rge1l from bnnk to b:111k. Flooding of the floors was 
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sununi t. It is possibl e to equip sucl, holes with scli'•reg.ister ing inst ruments 
t hat write the temperature change autooiat i al ly . 

Road Improvement Needed. 
I would be unfaithful to my t1·ust in cnt 1·in g upon tho second dcca~1~ _of 

volcanoloo-ical work on Hnwaii if I c1id not ncC'Cnt this ueed for added facilities 
upon Muuna Loa. Th e greatest tincl_ rn_ost vo lm1w1ou sly p_rod_uctivc ;~tive vo;· 
eano on the globe, Mauna Loa, still defies tho 1Lp p1·.ont·h of sCJcnce. _I he slo[ s 
o£ the mountain arc easy grndes, 111uch of Lhc lav a 18 s111o~th and easily travers: 
cd, motor tractors have been user1 011 Hal :tlrnla, :ind it 18 111erely a matter _of 
ca111J)ing a few weeks 011 the 111ot~1Lai11. with :1 ga ng of'_ t rn il ·n~:tk ~-s to bt'.iltl' 
:i 1·ouo-h track through to the summit which c·:1 1L I o 11Hutl Jor haul111g 111 supplies. 
Wl1e 1~ th is is clone the construction of :i. h11L is easy. . Jorn! co 1LLr,L •tor h:18 
offered to i111prov~ the upper str tc l1 of trail, fro ,11 1hc J' ut! laula hous. Lo 
the summit, for $500. If this will make a goo_l horse tmd, then Lo 1t L1111 s 
the amount will wic1en the trnil ·nilil'ie 11 t,ly to g1,· 1us·nge to a tractor, :uicl 
l :ivc something over for a camp. . . . . . 

In co nclu sion I beg to express my lee 1t I or ·onal aloha anc1 _grat~tucle t? 
Lite members of this Assoriation ·who have always been rcady to give tune ancl 
11 ,oney to the cm,se of volcano res •:uch for Lon yea!·s pas~. May I a_lso e~press 
the appreciati on of t.he Association for the way rn _ wluch tl_1e Umtetl 8tat~s 
Wc:1thcr Bu reau, through the Hou. Charl es F. l'.VIarv rn, has a1d_ed volcanolog1c 
1Jrogrcs in every way possible. And fi ually I w::tnt to thauk Mr. He_uc1crs~n 
(111 i[ Mr. Gates for th ir substantial contributions to tbe prog1·ess of scrnnce 1n 
Hawaii. 

PREP ARAT'IONS F OR BORING EXPERIMENTS. 

'l'he Board of Directors of Hawaiian Vol ca no Res •arch A_ssociatio~ Yoted 
on April 6, 1922, to authorize the Vole,~uologist Lo proceed w1th e:K1?e!·1m ental 
borings at Kilauea, as part of cooperative p rogram of work douc JOllltly ~y 
Association aul Weather Bureau. Mr. A. H. Hobart was engaged as clnll 
operator to furnish competent drillers, using an impnct or '' chmn'' c1!·ill for 
three months, beginning work in May. Flll'therm.ore . a l~ot core dnl_l was 
purchased for use after August ] . 'l'he plan of operatious 1s set forth 1u the 
foreouiug acldl'Css, :ind iu April it lcvolve J upon the Observatory staff to 
(l0lfJI tote surveys for location of wells to be bored, to arr::u1ge tractors 1111(1 other 
ilcvices for harding water and ma.c]1i11cry across lava fie lds, and to prepare a 
suitable water·supply and such rough roadwa)_'s as _ were necessary. !'- large 
part of the expense uuc1 labor of such test ~onngs lll dry, hare~ volca_mc cou11. 
t-,·y, without auy water except, that from 1·arnf:1ll and roo_f dram::ige 111to stor• 
age tm1ks, wHh no u11clerground water supply_ e'"'l)ectable 111 ~he ,~,ells, and the 
ro·k :1 porou c ra ckcc1 lava incapable of holclmg water, eons1 ts rn tr:msportn· 
1.ion and tmc.l,•maki ng . 

Preliminary tests clm·ing the p receding year Jrnc1 show11 (this BuJI t i11, Vol. 
JX, No . 5, p. Vl), that a small motor ca r is cn1 ;Lhl o of traveling ov r sands, 
gravels and pahoelioc lava s111·.faces_ of Kau Desert. J1nprovc~u •_uts sugg~stcc~ 
t,y rxperience were mac1 e b3" c1o ubhn g each l' :11· _who l 111ul f1ttJJ1g a pa!r. ot 
wide non•skid pnco111.1tic tires to each douhl_eL; t ln s. g:ivo_ t.o ·ach rnar unvm_g 
1·oll r eight inches of grooved n1bber trnr l1on s11 rh1 c , 111 ·l nclmg a small _mr 
spaee between ea r h 11air of wh~el ·. '!'he cloul_lc wh els -were made by boltrng 
t.wo 01·t1inary wheels too-other w1tl1 a wood n di sc b itwcen. A re~1· axle . ~Janet• 
:tl'Y gear system was addecl, giving thr C xtrn low gear rat10s lll ac1c1 ~t1on to 
the u ual two forwal'd :peeds and 0110 re v r~c. ll unuccc ·n1·y weight of 
l't' ndc rs st ps nnc1 fo ors was ren1oveil, :rnd at ,. •11,- encl of ct1.r was placed a draw• 
hnr a 11 ~ shackle and nn extra he:i vy spr ing. This convertccl the car into a 
g-t• non,1 utility Yehicle fo r u se both as t r:idor a11d conveyance for men and 
supplies, dcvisC'c1 to travel over ~u,y or lin:Hy. _rough lava or on tl1e surface of 
tlecp grnvels wl1C'rc a com mon trurk would dig 111 and be stall ed. 
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April ·14. t1ils ar was tested on the rouncleu crisp pahoeh oe ilows which 
l111rl pou rod out of Halcmauma u across the roacl1Yay to the east in 1918 auil 
l!l 1_9. yrom the road terminus to the ec1ge of th e pit the car climbed the foot 
trnd WLthout any _trouble by means of the lowest gear (g ar ratio 26 :1 ) . An· 
oth 1· tes t. w:i s mad e acro:s the l\J21 nows in . outh bay of Kilauea crater, along 
th flow that h::td peuetrntecl a gap in wall of crate r, and th ence to Kan Desert 
wJ,ci·c a rn 1L w.is made for se~·cTal mil es, returning to Kilauea by a different 
1·0 11l c. 'J'hcrc was no heating of engine and the car ca rtyi ng thr e 11crsons went 
01·t>r mu cl1 llc •p sand anc1 gravel. 
. A s111:1ll caterpi !lar tractor . was pul'(:hase,l a 11 power plant, ancl for hanl· 
111g wate r and maclunery. April 10 the traction of this machine was tested on 
a rocky r?ad aucl found defective for uch surfaces owing to side·slip due to 
renr steermg aud breakage clue to nnpact of steel on stone. Tlte tractor was 
remodeled and furnished with forward steering gear wheels ancl rubber ti.res. 
T~ere_afte_r it was u seful particularly for hauling sle'as with ·water•barrels, for 
sk1dd1ng no11 _s OYer rou~h ground, for road haulage especially in uarrow ways, 
and as a st:it,onary ng1ne. 

During the month sm-veys wer e made to locate places desirable for drill 
lirJI 8. It. was det.ernrin cl to place the fhst wells at 'ulphur Bank fln.t near 
Volrn11 llnn so wlwre t-on,pcratnr is high, gases a re i11teresting, an cl where 
Wlllc>J· . sup ply 1~:is kindly ofT:01·ccl for use by the hotel co mpany . 'fh e plat:e of 
n x_L 11,t 'l'l'~t 1H tht• floor of Kilaucn. cratc> 1·, where there :ire Tecent flow s 
clatrn g from I 01, 101 8, HJ IO, l!LO nncl 1921, of a vnrioty of thicknesses ancl ul t· 
know11 t,_c nqH•rnlurl'H. 111 01·cle1· to give sy 111111 t ry to the pr:lfile along which 
fir ·t bonng-•t r mperntu,·c•ij rnight be 111 as11r rl, i11 r lntion to the Kan Deso1t 
rift of 19:20 _:i11d ilH ext ' ll Hion north ast throngh Ha lemamnau, n point was 
!or·:1 1 ·cl pracl 1l' :il ly e nlrnl for the g reate r cirnl r ancl in l ine of the 1920 rift 
so ext.l'11d<•1l. A lin o was now sun• yccl :i cross th e crn.t r northwcst•southenst 
at right :u1 g l' lo tho rift :izimuth, an 1 throe stations fl:i ggocl T spectivcly ln 
ccntc1· ot cnit· r nncl ilOOO fc ut from c 11ter on ach ide along this Jjuc. Th e 
centc,· of crater l ics on a thin sem i•aa flow of Ma,· h 192 I, 1 00 feet north east 
of Litt le l3 gga r co110. Th e first crn.ter flag to be made accessibl e fo r borin•• 
was Ili c one southeast of cente r, lying on l 94 Java midway between Keana· 
lrnkoi rntcr and Center Flag. 

April 20 a route was pro. pectcil from th e Halemaumau roacl terminus to • 
ward 'enter Flng an.cl t he rnoto1· car was taken a half·mil o. The ground was 
b_a_c1: A few clays later a better route wa s found following southeast edge of 
I,1Jauea crater nol'tlnv arcl from Halemaumau l'Oaclway. 'l'his route fo llowec1 
contact of lava aud gr:iYel and then traversed smooth l:wa. Apri l 25 and 
ti.er after :i volunte_er row of ron~ bu~lcle1·s was hired :it Kilauea Milital'y 

nmp :md Lh so ·old,ers under the c1uect1on of Mr. R. H. Finch, meteoro logist 
at the lhsc ,·vato ry, he:1t down a rough track in fou r d:LyS. 'l'his with subS C'· 
q11cnt i111p1·ov ·men ts su Oi cccl in .June for hauling the drill rio- 1n to the South· 
east Flng. H was tC'sted wi th motor car April 30. 0 

VOLCANIC CONDITIONS IN APRIL. 

Activity of Halemaumau. 

t, th• l1<•gi 1111i11 g of April the· lav::i in }Ialernaumnu pit had been n srng 
steadily f'or lh1·r o wreks foul' or five fe et per clay, :Ind at the e ncl of the fir st 
week of 1h<• 1110,tl.h s toocl n2 feet below the precipitous rim where visitors stan d. 
'l'l1e c1·11gtt :111d 1'0rli.0 11 s of. t he cr:ite r floor hac1 risen f:1.-ter than the molten 
11ools th lti ghrMt; p e11k stn ncling ,117 feet above the liquid and on ly five feet 
ht'low ri111 of pit. ~'wo of the inner peaks came into the ,list.ant ·view from 
th 01Jso1·vnt.ory during the afl-ernoon of April 5. 

v11la11 ·hos f :illi11g fro m the crags would sometim es strike a cru sted lake 
lc•t.Li11g I os' 111 g.i s lwlow an d s tarting rnpic1 fom1dodn o- of crust slabs whil~ 
waves of' Ii ry rn It s11 rge1l from bnnk to b:111k. Flooding of the floors was 
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often brill:i::mt. Hissing of gns becn mo noisy nt times :rncl the uurnbor of 
fountai ns simultnnoou ly active w,1s occa~io11ally as low as two. 'J'he rise of 
th o crag masses uow pro ven ted tlie so •i ng of- th e entire floor from any one 
point on the rim. 'l'he glowing r ift wells sonthwest wore emitting mnclt fume. 

By the middl e of the month the liquid .lava wns le s than 100 feet below 
tl1e verge and the gia11t crags rose well ali"V ri.111 of pit. As seen front 
lJ wekahu na Bluff .tho interior jumbl e o.f smoking- trnggy peaks w::is the most 
1·on ·picuous feature of th e lava .column, the lak •s appea ri 11 g as floo rs bet we n 
,111<1 around the rocky hills . Much of th ti11, • thor w:1s ha1·dly :111y fo untain ­
ing to be sce_H, but southwest of tho _ C<.' nt ' r a larg_' r!1yth111ie, 110111_ fou1_1tain. 11ad 
dev eloped w1th outbursts once a m111uto. Sometrn1cs spurtrng- [onntams for111-
l' d, Jlinging 111 incandescent sprny. 

Th o cluste r of crags oecupiod the contml 1·ogion, sr lit up by gol'g s oc ·11-
pi eil by the three nrm~ of the lava lake, th e pe:.tJ<s, surmounting a jJ latfonn of' 
01·crfJow which wa · swolliJ1g and era ·king like a. vast ca.kc or pudiling in its 
c·i rcul:ir pan. All around t he edges the curve l Slll'face sloped clownwarcl to a 
Ji ssu re next t he wa ll of .H.a lemaurna u, and up the fi sure rose thick liquid Jav:1 
in trickling trca111s. Somo of the pon,ls arnid the c\ags had their entire ups 
lif ted high by swelling ,iction of the fJoor lava. 'rite crags rose two to fou r 
feet per clay, this beiug slower t han b eforn. The decrease in rate of r ising 
rl1ecked with the decrease in numbers of fount,dns ancl both of th so decrc-
1?1l'11ts O(OC Ul'l'el soon after t he equinox . Al o the outside rift over southwest 
was darlrnning at tim ·, t hough still glowing when seeu by evening light. 

By t he t hinl week in April the main lava column of the fire pit was in 
fu ll view of Volcano House settlerne!lt,, all three of the g reat crag masses stand­
i 1tg high above t he l"im . The liqui cl lava w:is 75 feet down at tho level of 
October 1, 1921. The cntil'e scene nt the lava pit wa.s almost a d uplicate of 
th e October condition. The central lava la·ke occupied a dee1 canyon amid the 
clusterccl crag peaks, with an open liquid pool near t he middle where a b ig 
founta in was exploding r eg11larly. All around the outside of t he cr ag cluster 
tl1e re was an annul:l.r swollen floor of hot lava ·with many trickling streams 
:rncl some ovn,] ponds. These ponds when covered with crust resembled platenux 
oT pla in s raised above . tho surrounding slopes and fall ing off nt the edges. 
'l'here a.1·e similar features on the surface o.f the moon. Sometimes the CTust 
0 11 0110 of these pools broke up angrily with explosive violence, and big f0un­
tains of boiling ora nge-colornd slag would play for scv ral minutes while th e 
hot melt spread out a ncl engulfed the neighboring surface shells for several 
l,unclred feet. 'l'hen only c0nlcl the c1efin i te outline of tho pond be seen, for it 
would sink a lit.tl e before the surface again coolccl and harclenccl. 'rhe rate o.f 
ri9i ng of the wh ole lava colum n was diminishi ng, both crngs and lakes gaini11 g 

11e or two feet a day. The rift oven had coolecl greatly, the stalactites losing 
i11ca11desce nce and turning brown ancl yellow, bcardecl with Pele's hair. 

At the encl of Ap ril the Jal<es :ind fields of crusted Java we1·e 60 feet down 
:1 ·11 cl q uite accessible to adventurous -climbers. Th c luster of crags fo1·mecl a 
rcn tral rngged ring swollen above tho gene1·al l ve l of floor of l it, with peaks 
JOO or more fe t above the lava lakes ancl con idorabl y above the rim of pit. 

T he fou n tail1ing activity so ii1c1·oa ed that th pit was br ighter at n ight, 
largely owing to the frequent cauldron actio11 of tho border pools wh en an 
explosive outrush of gas r ent an(l engulfed th i1· crust.a. Out in t he cen tral 
lake there was continuous fou ntaining ancl iuflatio n of Lit sl<iu o .that big bal­
loo ns were lifted, torn, and so forced to olla1 s . 'patter cones formed in 
many places, see11 flaming with btll'uino- gas at 11ight. One pool maintained an 
ope n area where the 1·egular dome fountain burst. once a minute. Avalanches 
conti nued to fall from the crags. The Jal, s '0u ld now be seen from Uweka­
l1una Bluff . Down the rift oven l:.tva could be hea rd splashing, seemin gly at 
a lower level t hnn t he lakes in t he pit,. The latter were now stand ing at 
vnl'ious levels an cl ther e were eight or ni 11 s parnte ponds. 
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April 1. At 10 a. rn . fume was th in and Jakes we re crusted except for 
fou1· J'ou11titi11i11g patches nnd a spatter co ne at end of :outheast arm. Rift 
01- ' n was glow iug by day light. 

April 2. At -! p. m. inspect ion showc(l that crag. and centrnl floor we re 
,:i.~ iug f:t st.c, r than liquid lava. Fou r fount.ainh1g pat~hes were cou ntccl, one of 
t'11 1Jso at a border o-ro tto n01·tlt of the cast po 11d. 'l~h1s pond was seen to brnak 
up. Tito p:1 1·tit.ion"bct wee 11 cent. m l lak , :111il .·onthc:1st ,11· 111 had been wideni ng. 
1•:ni 11 in dayl ight th ere was bright glow in sonthwest rift wells. 

•A.i:ril 3. At. 3 p. IJll . tl1e pit was dull hut tl1 crc wns evitlcnce 0£ recent ilood­
i11cr arou nd edges of floor. The clcvalccl b n h next to southeast a rm pool 
lta:1 -been cracking and n block had crashed down 011 t he cone below. The Jloo1· 
laYa appeal'e,l to be gaining on i hc liquid l:iva. 'outhwest r ift well was hott er-

April 4. At 7 p. rn . Jakes wern qui et and heav ily crusted . From the eclges 
of west cove pool ll ad central l:tke small flows were ,pouring· over the floor. 
Seen by night. th rift well s gl CYwcd brightly with a pink color. 

April 5. At 9 ,1 . 111. measlll'e meHt showed t he lake to b e 134 feet down anr1 
tl!cr was one iixccl fountaini11g ve nt i n southeast arm pool a ncl one blowi ng 
vent in 80 11tlt we:t arm . Otherwise founta i ns were spornd ic, dependent npou 
:i sligh t outbreak of cracl< ing a ncl fou.J1Clei· in g of cr ust i n eac h of tlte lak es. 
'l'horo was an ava lan che of Tock from the northwest crag to the contl'al 
J:.ke, and a small fall from south crag. A bva :flow poured for a few minute 
from a <lriblot sphe along the wall und e r tho west station. On this day the 
higher crag JJe:tks first came into view above rim o£ pit as see n from Ob­
servatory. 

At 9 p. m. th e leiwe1· rift well was of much clarlrnr i nc:rnclescence than on 
the previous 1dgl1t . 

April 8. At 10 a . m. Tisi11g was still in evidence :ind gas was hi ssing loudly 
nt the border grotto north of east poucl a nd at vents arou ud t he central lake. 
There wore small trickling flows iu the debris of I.he cracked floor along th e 
wall-crack. 

South crag nncl ncljncen t floor wern 110w so tiltecl westward as t o lift a 
h igh scarp above south <! orner of southeast :Hill. 'l'he southeast floor had been 
r ecently flooded :md from tho north encl of cast lake a vigorous overflow was 
seen to break out. Occasional aY::tbnchcs fell from the c1·ags. Th e wall crack 
northwest had oponecl . 

April 9. At 3:30 p. m. Jakes were h eavily crnsted and no fo untains were 
ill sight from soutll'west stations. 'l'h e live lava Ti ·ing al ong the wnll crack h ad 
in sovcrnl pla os mad e swo ll en puddings emitting Java t rickle t hrough the cTacks. 
'l'lic sout heast a.nn w:1s 110w extended to t he wn II of th e pi t in 'r-shape by 
11 u io11 w.itli t he wall-cra·k J o l. 'l'h e c,1st ponl hacl enhn-ged ancl flnmes w ere 
playi11g through cra t ks in the cn1st. ro fountains were seen during a visit 
to t ho pit but i11 the evening s1 ell s of bright fl aring gave evidence of spasms 
of breal<ing up of cr11st. 

'l'he northwest a nd south crng peaks we1·e now plainly v isi ble from Observ­
:itory. Rising was taking effect chiefly on th e boa.ch magma, the lakes hold­
ing thei r own. ro,-thwost ::incl south crag masses were eviden tly heaved up 
along t he axis joining southeast arm a ncl north cove ancl tilted westwa1·cl en 
masse. Tlt i.s lrnd lifted the cast side of wost po nd cup and the floor at t he 
east base of the south crag. 'l'he latter had become a new crag. The wh ole 
jumble of isl::i nd and south peak masses was u,pheavocl as part of t he sout h crag 
mass alo ng with the Jloor west of the crag, :incl the w'l1ole un it was tilted west­
ward. 'l'he floor 'W:tS swo.ll en a11 d cra cked both here ::ind at the north side of 
th e pit, givi 110- ev idf'n ce of mnssivc swelling of tltc whole central r egion. A 
remnant of tl~e small crag north of the southwest arm sti ll persisted . Some 
lm·ge tab11lnr masses of flool' had 1·iscn west of northwest crag, a nd a deep 
c1·evas c l etw en these ta l Jes extended out to the wall of the p it. ·Floor of 
}lit uow appcnrcd accessible from the 1101th. Cracks in the nor th shelf l'egi on 
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often brill:i::mt. Hissing of gns becn mo noisy nt times :rncl the uurnbor of 
fountai ns simultnnoou ly active w,1s occa~io11ally as low as two. 'J'he rise of 
th o crag masses uow pro ven ted tlie so •i ng of- th e entire floor from any one 
point on the rim. 'l'he glowing r ift wells sonthwest wore emitting mnclt fume. 

By the middl e of the month the liquid .lava wns le s than 100 feet below 
tl1e verge and the gia11t crags rose well ali"V ri.111 of pit. As seen front 
lJ wekahu na Bluff .tho interior jumbl e o.f smoking- trnggy peaks w::is the most 
1·on ·picuous feature of th e lava .column, the lak •s appea ri 11 g as floo rs bet we n 
,111<1 around the rocky hills . Much of th ti11, • thor w:1s ha1·dly :111y fo untain ­
ing to be sce_H, but southwest of tho _ C<.' nt ' r a larg_' r!1yth111ie, 110111_ fou1_1tain. 11ad 
dev eloped w1th outbursts once a m111uto. Sometrn1cs spurtrng- [onntams for111-
l' d, Jlinging 111 incandescent sprny. 

Th o cluste r of crags oecupiod the contml 1·ogion, sr lit up by gol'g s oc ·11-
pi eil by the three nrm~ of the lava lake, th e pe:.tJ<s, surmounting a jJ latfonn of' 
01·crfJow which wa · swolliJ1g and era ·king like a. vast ca.kc or pudiling in its 
c·i rcul:ir pan. All around t he edges the curve l Slll'face sloped clownwarcl to a 
Ji ssu re next t he wa ll of .H.a lemaurna u, and up the fi sure rose thick liquid Jav:1 
in trickling trca111s. Somo of the pon,ls arnid the c\ags had their entire ups 
lif ted high by swelling ,iction of the fJoor lava. 'rite crags rose two to fou r 
feet per clay, this beiug slower t han b eforn. The decrease in rate of r ising 
rl1ecked with the decrease in numbers of fount,dns ancl both of th so decrc-
1?1l'11ts O(OC Ul'l'el soon after t he equinox . Al o the outside rift over southwest 
was darlrnning at tim ·, t hough still glowing when seeu by evening light. 

By t he t hinl week in April the main lava column of the fire pit was in 
fu ll view of Volcano House settlerne!lt,, all three of the g reat crag masses stand­
i 1tg high above t he l"im . The liqui cl lava w:is 75 feet down at tho level of 
October 1, 1921. The cntil'e scene nt the lava pit wa.s almost a d uplicate of 
th e October condition. The central lava la·ke occupied a dee1 canyon amid the 
clusterccl crag peaks, with an open liquid pool near t he middle where a b ig 
founta in was exploding r eg11larly. All around the outside of t he cr ag cluster 
tl1e re was an annul:l.r swollen floor of hot lava ·with many trickling streams 
:rncl some ovn,] ponds. These ponds when covered with crust resembled platenux 
oT pla in s raised above . tho surrounding slopes and fall ing off nt the edges. 
'l'here a.1·e similar features on the surface o.f the moon. Sometimes the CTust 
0 11 0110 of these pools broke up angrily with explosive violence, and big f0un­
tains of boiling ora nge-colornd slag would play for scv ral minutes while th e 
hot melt spread out a ncl engulfed the neighboring surface shells for several 
l,unclred feet. 'l'hen only c0nlcl the c1efin i te outline of tho pond be seen, for it 
would sink a lit.tl e before the surface again coolccl and harclenccl. 'rhe rate o.f 
ri9i ng of the wh ole lava colum n was diminishi ng, both crngs and lakes gaini11 g 

11e or two feet a day. The rift oven had coolecl greatly, the stalactites losing 
i11ca11desce nce and turning brown ancl yellow, bcardecl with Pele's hair. 

At the encl of Ap ril the Jal<es :ind fields of crusted Java we1·e 60 feet down 
:1 ·11 cl q uite accessible to adventurous -climbers. Th c luster of crags fo1·mecl a 
rcn tral rngged ring swollen above tho gene1·al l ve l of floor of l it, with peaks 
JOO or more fe t above the lava lakes ancl con idorabl y above the rim of pit. 

T he fou n tail1ing activity so ii1c1·oa ed that th pit was br ighter at n ight, 
largely owing to the frequent cauldron actio11 of tho border pools wh en an 
explosive outrush of gas r ent an(l engulfed th i1· crust.a. Out in t he cen tral 
lake there was continuous fou ntaining ancl iuflatio n of Lit sl<iu o .that big bal­
loo ns were lifted, torn, and so forced to olla1 s . 'patter cones formed in 
many places, see11 flaming with btll'uino- gas at 11ight. One pool maintained an 
ope n area where the 1·egular dome fountain burst. once a minute. Avalanches 
conti nued to fall from the crags. The Jal, s '0u ld now be seen from Uweka­
l1una Bluff . Down the rift oven l:.tva could be hea rd splashing, seemin gly at 
a lower level t hnn t he lakes in t he pit,. The latter were now stand ing at 
vnl'ious levels an cl ther e were eight or ni 11 s parnte ponds. 
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April 1. At 10 a. rn . fume was th in and Jakes we re crusted except for 
fou1· J'ou11titi11i11g patches nnd a spatter co ne at end of :outheast arm. Rift 
01- ' n was glow iug by day light. 

April 2. At -! p. m. inspect ion showc(l that crag. and centrnl floor we re 
,:i.~ iug f:t st.c, r than liquid lava. Fou r fount.ainh1g pat~hes were cou ntccl, one of 
t'11 1Jso at a border o-ro tto n01·tlt of the cast po 11d. 'l~h1s pond was seen to brnak 
up. Tito p:1 1·tit.ion"bct wee 11 cent. m l lak , :111il .·onthc:1st ,11· 111 had been wideni ng. 
1•:ni 11 in dayl ight th ere was bright glow in sonthwest rift wells. 

•A.i:ril 3. At. 3 p. IJll . tl1e pit was dull hut tl1 crc wns evitlcnce 0£ recent ilood­
i11cr arou nd edges of floor. The clcvalccl b n h next to southeast a rm pool 
lta:1 -been cracking and n block had crashed down 011 t he cone below. The Jloo1· 
laYa appeal'e,l to be gaining on i hc liquid l:iva. 'outhwest r ift well was hott er-

April 4. At 7 p. rn . Jakes wern qui et and heav ily crusted . From the eclges 
of west cove pool ll ad central l:tke small flows were ,pouring· over the floor. 
Seen by night. th rift well s gl CYwcd brightly with a pink color. 

April 5. At 9 ,1 . 111. measlll'e meHt showed t he lake to b e 134 feet down anr1 
tl!cr was one iixccl fountaini11g ve nt i n southeast arm pool a ncl one blowi ng 
vent in 80 11tlt we:t arm . Otherwise founta i ns were spornd ic, dependent npou 
:i sligh t outbreak of cracl< ing a ncl fou.J1Clei· in g of cr ust i n eac h of tlte lak es. 
'l'horo was an ava lan che of Tock from the northwest crag to the contl'al 
J:.ke, and a small fall from south crag. A bva :flow poured for a few minute 
from a <lriblot sphe along the wall und e r tho west station. On this day the 
higher crag JJe:tks first came into view above rim o£ pit as see n from Ob­
servatory. 

At 9 p. m. th e leiwe1· rift well was of much clarlrnr i nc:rnclescence than on 
the previous 1dgl1t . 

April 8. At 10 a . m. Tisi11g was still in evidence :ind gas was hi ssing loudly 
nt the border grotto north of east poucl a nd at vents arou ud t he central lake. 
There wore small trickling flows iu the debris of I.he cracked floor along th e 
wall-crack. 

South crag nncl ncljncen t floor wern 110w so tiltecl westward as t o lift a 
h igh scarp above south <! orner of southeast :Hill. 'l'he southeast floor had been 
r ecently flooded :md from tho north encl of cast lake a vigorous overflow was 
seen to break out. Occasional aY::tbnchcs fell from the c1·ags. Th e wall crack 
northwest had oponecl . 

April 9. At 3:30 p. m. Jakes were h eavily crnsted and no fo untains were 
ill sight from soutll'west stations. 'l'h e live lava Ti ·ing al ong the wnll crack h ad 
in sovcrnl pla os mad e swo ll en puddings emitting Java t rickle t hrough the cTacks. 
'l'lic sout heast a.nn w:1s 110w extended to t he wn II of th e pi t in 'r-shape by 
11 u io11 w.itli t he wall-cra·k J o l. 'l'h e c,1st ponl hacl enhn-ged ancl flnmes w ere 
playi11g through cra t ks in the cn1st. ro fountains were seen during a visit 
to t ho pit but i11 the evening s1 ell s of bright fl aring gave evidence of spasms 
of breal<ing up of cr11st. 

'l'he northwest a nd south crng peaks we1·e now plainly v isi ble from Observ­
:itory. Rising was taking effect chiefly on th e boa.ch magma, the lakes hold­
ing thei r own. ro,-thwost ::incl south crag masses were eviden tly heaved up 
along t he axis joining southeast arm a ncl north cove ancl tilted westwa1·cl en 
masse. Tlt i.s lrnd lifted the cast side of wost po nd cup and the floor at t he 
east base of the south crag. 'l'he latter had become a new crag. The wh ole 
jumble of isl::i nd and south peak masses was u,pheavocl as part of t he sout h crag 
mass alo ng with the Jloor west of the crag, :incl the w'l1ole un it was tilted west­
ward. 'l'he floor 'W:tS swo.ll en a11 d cra cked both here ::ind at the north side of 
th e pit, givi 110- ev idf'n ce of mnssivc swelling of tltc whole central r egion. A 
remnant of tl~e small crag north of the southwest arm sti ll persisted . Some 
lm·ge tab11lnr masses of flool' had 1·iscn west of northwest crag, a nd a deep 
c1·evas c l etw en these ta l Jes extended out to the wall of the p it. ·Floor of 
}lit uow appcnrcd accessible from the 1101th. Cracks in the nor th shelf l'egi on 
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were stlll excessive ly hot. Southwest ri rt o"l'en was glowing bnghtly Ly day­
ligh t auc1 appareutly flaming as ecn at night fro111 the bservatory . The far­
ther southwestern vcll hall lo t its brightnes and bowed no perceptible glow 
by daylight. Hot blue fume ro c from both w II . 

April 12. At - :l 5 p. 111. the cenc at Hale1 11 auma u st1·ongly r e ·om bled that 
of eptembcr-Octol er 1921. There ,ms Hoor ·11·clli11g in a dome curve nroun l 
margin of floor outhwest and north leaving a depre scd an,1 cracked wull ­
, ·ull y where la Ya puddings were t1iscel'l1iblc. • rom th west, northwest crag 
appo11red to be a sharp spire with talus tu111b l • r1t it bas . W st of we t co\·c 
11oud a · ·Lor of floor had ri ·en to creat ove1· the I oud a 30-foot wall. The 
arou nd b tween thi crag :ind entral Juke wa cracked . Central lake and 
S<•u thw st bay now formccl an elongate lake with crn ·king and foun dering 
crust s, one conti n uous fom1tain, and banks 6 fe et hio-h. 

Craggy block aud a platform l1ad now risen nth wart the central l:ike be­
t11·ecn notthwest peninsula and outh crag ma s. In th miust 0£ uplifted era"' 
matt r a small high round pond lay at th north rn base of th sot1tl1 era . 
The northern e1Hl of the northwc t crag ma s was again becomiug conspicuou" 
a. a separate north crag. The ea t central crag 111a s had lifted the cliff that 
honlered the celltral fake on that side so a to create a new peak. All th e 
c:.istern crngs were t ippe r! cast. 

There were racking and sliding noises and much thin blu fume ro c. 
'I he nag masses w •re now lli,·iclecl wto th roe pl'Ououu eetl scetor :.u1 ,l t he liquiu 
fav:i in to seven p rincipa l pools as f ollow : ontheast arm, outhwc ' t ceutr:tl 
lake, west cove pond, south crag pond, wo ·t pond north cove pool ancl ea t pon,l . 

T he region north east of north co,·e pool w:i occupi by an uplifted ma 
with broken rocl,s 011 its summit ,rncl ra<lial ·rack clown it uorthea t l ope. 
Ea of the eas en 1 Yalley stood a ste!.'p peaked mnss. 

A mo~t remarkable uplifted plutoau lay in h region of the we t pond and 
the west ove pool, with a te ep creYas ed lope ext end ing to the nort hw 
~l'all-valley. Thi broke clown into a we t -fa ti11" eliff at the we ern wall­
cr:rnk. A gushing vent was filling with liquid l:l\·a the uor thw t wall-valley. 

Hissing was h ard in the northca t region, b ut he p it wa o herwi c \"ery 
quiet. The view from th e nortlt wa almo t identical with tha t of la 't i:-o­
he1·. The whole c ntral cake of bench m:1gma con titu ed a dome ne;trly up 
lo tlte level of the October helf. The wall· ·ral'k fill wa ill 50 or 60 
below that shelf. There wa :1 t umbled narrow ,·alltff b~ l<"een · he u· 
crag ma :incl wall of pit. The region north oi e:i t ponrl w a. oll 
o.f trickle filliuus ·eparated from t he wall by a dislin.c va11ey. T e e - , -
was now a crusted fill or platform with definit e horeline onl:· on +he er 
side, ancl trickling OYer.flows 011 th wall sicle. A cm ek ex enrled c ar<l ·rom 
the west icl • 0£ ea t pond separati.na the outhea t and north ea t er ,,.,_ e 
marginal bench of both t l1 e crag ·howecl north asterly tilt. Thi tilt wa by 
blotk :faulting and affectecl the north-norl:heas aud ea t central erag blocks 
:is well. 'imilarly the southern aud we tern masses were ull tilted we rwar,l. 
'l'!1e platform surrounding west pond w:i lifted hjghest of all, although it 
surfa ce r emained horizontal. 

.Ap,ril 14. ·'J,. t noon the pit wus Yery quiet anc1 no fountain were ,•i ible 
from east rim. East aml outhea. t l)OOI •were not outlir1cd by clefiuitc bank 
but appea r cl to be n. mass of rough swollen lav:1 with some tri •kling. There 
was om e smoke. The crags wer now low in their ri ·ing, only two f t per 

- clay. The cas'tern wa!l-cruck fill appeared to lie 40 feet below October shelf . 
In afternoon rift oven wa reported. to be dark. 

At, 9 p. m. seve11 fom1t.ains w re in action. Crack-anrl-fou11cler a tion wa_ 
seen to spread across ce nt ral lal,e. About once a minute a large rhythmic 
fountain wa11 seeu to bur t nem· center of pit :.md nn explosive spa.tte rin 
,•ent had broken tluou h the cru t of ·out Invest bay. lowing flows an 1 fill,.. 
eould be se n all aronnd wall-crn ck. Ther wa fl:1ring n.t east poncl and oeca­
sioual fonntaining orr111'l'('1·1 i n a pool uncler north wal l. In the west fi ll a 
sll'enm was trickli!1". There wa some hi · ing. outhwc t oven w::is gl owin~ 
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with diminished bl'ightness m1 0Tilnge reel, and lowe r well appeare d dark 
though lava could be seen 70 feet clown. 

April 15. .At 9 p . m. there was ver~· regular rhythm ic action at ce ntral 
fountain once a minute, other fountaining wa slight, ome of i t in a pool at 
base of north wall. F1ame · played through shore vents and cracks in crus t . 
'I'he west pond cup bad high margins. The crag were rising m.ost on north 
side of pit. 

April 18. .At 10 a . m . there wa much fume from central region and rising 
ha cl continued . There were three fountains re peetively in central lake, north 
wall-pool :inil e:i t pond. }l orthwe side of la,·a column had ri en t he mo t, 
tile fill there tanding 10 to 15 feet below October helf, w herea.s th:i.t shelf 
on northea t irle stood ~O feet :i.bo,·e floor of wall-crack. out heast ·arm was 
quiet . Central lake wa een to break up its cru . t rather rapiclly, starting at 
the rhythmic foun ain. Latter retained its 60-secoud iuteTval. rorth wall 
pool wa o,·al and it cru t cracked up and foundered; a marginal grotto was 
acti,e on it northea t side. Cracking and foundering occnnecl also in east 
pond whieh hatl high we t ban.k , and t he heat was great radiated during and 
after the break-up. On outh ide of pit the Oetob r shelf was 20 feet high. 
:Mueh debri lay at base_ of northwest crag. A fl at pool occupied southwest 
wall-crack. 

Only broken tones could be seen ou the botto m of low er rift well, the 
oYen howiug fume ancl dark red .glow. 

April 20. At 1 p . rn. crags were rising but li ttle, and some of . them wer' 
tationary. Pools were erust ed and hissing •without foun t ains. .A cone had 

formed on west bank of east pond . A n ew flat-su rfaced pool had fill ed the 
northeast waJl-,·alley, the Oct ober shelf ther e standing 15 feet above it, where­
as at the south this shelf was 10 fee t high. Lake hacl been 1·ising more th an 
crags. South shore of east pond showed westerly tilt. 

April 21. From 3 to 5 p . m. lake appeared about O feet below rim. Foun­
tains we re seen in central pool, at a cone which "·as rapidly growing on east 
bank of north wull pool, and at north bank of east pond. Fume in forenoon 
had been thin, but the oven Yent at southwest rift was smoking and showed 
less heat. Rising was still in progress. The ma1:ginal pools were st ill 5 to 
10 feet b el ow th e October sh If, the higher one northwest and southeast, th e 
lowe t north -nor theast. In O'eneral the r i e was a swelling wi th little gas 
activi ty, and faint hissing . The scene at Halemaumau reseQ_ibled October, 
1921, in every 1·espect, wit h its clustered crag matte r in t he cen ter, sloping 
floors, and p uddings of lava trickling up the wall -crack . 'rho crngs were lo,v­
ly changing in shape. Southwest oven no longer glowed by daylight, and its 
stala·ctites wel'e cover ed with brown filaments. 

April 22. At 15 I· m . 'a S\\'oll n plateau was found in the northeast wall 
valley, with trickle flows making out from i ts marg ins. Blowing cones were 
developing along 11orthwest eclgo of. east pond . In southwest pool t he rhythmic 
fountain con t inuecl i ts pu]sations and in the central poo l open fountains were 
mor e or less continuou s. 'rhe west pond was now much higher than centn1J 
lake. October shelf was now partly subm e rged on nor thwes t and southeast 
sides of pit, but 5 to 10 feet high elsewher e. Th e wa1I- crack f!.1 1 was every­
where hot and tric.k ling . Three fountains were seen, and grottoes wore forming. 
Th e crngs b acl been rising two to three feet pe,· clay, first on t he northwest, 
t hen on the south. An open pot h:id fonnecl against th southwest wall of pit 
near the rift local ity, a nd th e rif t oveu nppoared hairy a nd yellow. 

April 23. .At ll :30 a. m. th er e was .·trong hissing fro m border cones 
of en t pond, and the wall-val ley fill was hot ancl tri ckling abou t O feet below 
rim . On northca t :rnd southwest. sides of pit the October shelf was 5 feet 
high. Ou northwest the fill hacl j ust overflowed the sh elf. An oval poo'! so uth­
we t of south crag was seen in process of cr ackin g and foundering, ancl :it 
noon the northern wall-pool broke up Yiol eu t ly by means of a hot c1·acldng 
and foundering of its nust, n. process whi clt wns see n to spread to the fill west 
of this pool. 
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Centml lake had become a deep lrregul:ll' em1yon. Ri s of the crags had 
become slower. The only open pool wns at tlo e rhyth111ic fountain . Every· 
where else the pools 'Were crusted and swo ll en except for occasional spells of 
c1·acking and ~ounclering. The east IJOnd su rf:wo had 1Jocon10 a plateau, and 
at 12:20 p. m. 1t was squeezing tri ckl e flow s out from nnd r its northern margin. 

April 25. The crags had been rising very slowly 111Ld tho lakes faster. 'l'h e 
October shelf was now subn1erged and th e north pool was a cossibl e by way o.f 
the easy slopes and shelves on that siclo of Halom1wmn11 . '!'here was much 
diffuse smoke. At 11 a . m. titer w r four his i11g con s at western edge of 
east pond a nd the hissing 11oi ·es in tho pit w •ro loud. No i'on11L11ins wore visi­
b_Iu from east 1·in1. Eastern Jakes we re h avily ru sted. At night vwo locali­
ties were seen to keep u11 a g low, 11 0:u c ntral fountain an I north, pool. 

April 26. At 9 a. 111. lrrkos were ·rn stod. A •ono south of south en1g was 
splashing Java to t ho adj:1ce rtt Jlour. A small cono on southwest floor was 
hissing and maki11g coarse J: ele 's hair; there had been recent flooclino- t her , 
Dense fume rose from a smu ll vent between wall of pit and west po"ncl. In 
the oven well deep rumbling from splashing lava below could be bea1·d. 

April 2S. At 3 p. m. there were fi lagree cones along i1rne1· border of cast 
l:1.ke an~ uucl e1· the northeast erag, hissing noisily. Another hi ssing cone had 
fom1ed 111 t he northwestern wall pond. 'l'riekling flows pouretl from the no1·th 
pool towards wall of pit. Sn10ke rose from a crnck in th ei north floor and from 
near west pond. After twenty minutes of quiet the north pool became inflated, 
the cru st heaved, cracked and gave vent to a rush of gas through a crack 
severnl inches wide. '!'his with t he vigorous fountain that followed resembled 
the caul clrou action of March, 192). There were two fountains in central lake. 
The lakes appeared to have gained on t he crags. Splashing of lava could be 
heard i n oven well at the southwest rift, seemingly at a lo wer level than the 
lakes in Halemaumau. 
.. April 29. A~ 3 p. m. lakes ,appe~rec1 about 60 feet down, a11d crags were 

nsmg about 1.3 foot per day . 'I he 111ght before had shown brighter .glow due 
to much bi-eaking up of the border pools ancl fountains in the central and south ­
west pools. Now there was mu •h cracking and foundering of crust iu south­
east, east, northeast ancl north-northwest wall pools. Supe1·ficially the nor t heast 
pool appeared continuous with east _pond. A north-northwest pool had replaced 
the north wall-pond by a migration of the cup westward. Over - the north 
pond site there remained a large spatter dome. Central J)OOl was open and 
making hu_ge balloons of_ inflated skin, alongside a big clome grotto on its north 
b_nnk. Tlns pool lay adJacent to east central crag separated by a crust pm·ti­
tlon f1:om so~1 th1west arm pool. '!'.he latter was also open with the rhythmic 
fountam at its eastern end bre:.ukmg once a minute. 

A u avalanche from east side of northeast crag mass show ed that centri­
fugal tilting was in progress. Southwest pool showed a fixed 1·im 4 feet high 
the other pools had l'ims revealed after breaking-up spells one 01' two feet high'. 
These spells wel'e now very frequent as though gas p1·essurc inorcasecl as the 
lava sul'face app1·oachecl tho rim level of Halemaumau. 'l'ho crusts would crack 
in loJ1g slabs that tiltec1 clown into t he melt beneath, 1rnshccl over by a cas­
cade-like rush of lava from under th crnst surface remaining. 

April 30. At 4 p. m. pit was dull nucl lava was rising. Only central an cl 
southwest pools wcro a tive. 'l'h re ,wus mu h smoke ancl t he night glow was 
dull. 

LAVA MEASUREMENTS. 

Measurements of depression (- ) ancl of •lcvation ( +) of the mobile lant 
column, made with transit, 1·efcn d to north as t. s tation of ri m of Halemaumau 
pit (3727 feet above sea-level ), fo r tl,e montlr encliu<r Apri l 30 1922 in cluding 
crag peaks of bench magma and mean liquid level of lake magma, ....:ere as fol­
lows: 
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Mean lake , outh Northwest East central 
level crag crag crag 

a.m ... -]78 feet -77 feet -84 feet Ma1·ch 2!l, 9 
Apri l 5 !) a.Ill . .. - 134 " -22 " -27 " -58 feet 

' " " " -52 " 8, 10 a .m ... -122 -5 -14 

" 12, 2 p.111 . .. -111 " +10 " + 4 " -33 " 
" J , 10 a.111 ... - 84 " +30 " +21 " -13 " 

May •> 11 a.m ... - 58 " +56 " +46 " ~, 
Progre. si ,·o ch anges were as fol low s for the liquid In.Ya: 

:i\for. 29-April 5, .... 7 days, Jak e rose 44 feet, a,eraging per day +6 . 3 feet. 
April 5-12, 7 " " " 23 " " " " +3.3 " ..... . .. 
" )2-18, 6 " " " 27 " " " " +4.5 " ........ 
" 1 -May 2, .... . H " " " 26 " " " " +1.9 " 

Progressive fluctuation in Jo,·-el of south crag SUJll llli t ,vas as follows: 

Mar. 29-April 5, .. .. 7 days, crag rose 55 feet, averngi11g per clay +7.9 feet. 
April 5-12, 7 " " " 32 " " " " +4.6 " ... ..... 
" 12-1 6 " " " 20 " " " " +3.3 " ' 

.... .... 
" 1 -May 2, .... . H " " " 26 " " " " +1.9 " 

Fluctuation of uorLhwest crag Sllllllllit "ras as follows: 

.Mar. 29-A pril 5 .. . . 7 clays, crng rose 57 feet, a Yeraging per cl:iy +8.1 feet. 
' April 5-)2, 7 " " " 23 " · u " " +3.3 " . ..... . .. 

" l 2-1 6 " II II 17 " II " " +2.s " ' 
... . .... 

" 1 -May 2, . ... H " " " 25 II " " " +1.8 " 
Fluctuation of cast ce11tral cn1g sun1111it was as follows : 

AJJril 5-12, ......... 7 c1:iys, crag rose 25 feet., averaging per tlny + 3 . 6 feet . 
" 12-18, .. . .. . .. 6 " 11 " 20 " ,, " " +3.3 " 

Relief of peaks ahove lakes was :is follow : 
Mar. 29 .... . . south crag101 ft., 11ort hwest crag 94 ft . 
Apr. 5 ... ... " " 102 " " 11 107 11 east cenlral crag 76 ft . 

11 8 .... ,. " ,, 117" " " 10 " " ' " " 70" 
" 12. .. .. . " " 101 " " " 115 " " " " 78 " 
" 18 . ..... " " )14 " 11 " 105 " 11 11 " 71 " 

:May 2. . . . . . " 11 114 " " " 104 " 11 11 " 

Tho foll owing table shows comparatiYe monthly changes of Je,·ol for moan 
lake lava and mea11 crag lav:i, beginning with July, 1921 : 

July . . . . ... . . ... ... liquid lava - 22 feet, bench lava - H feet. 
August . . . . .. . . . . . .. 11 " -119 " " " +118 " 
Soptem ber . . . . . . . . . . " 11 + 13 " " 11 + 158 " 
October .. , . . . . . . . . . 11 " -259 " 11 " -253 " 
November . . . . . . . . . . 11 " 18 " " 11 21 " 
December . .. . . . . . . . . 11 " + )(1 " " 11 + 18 " 
January . , . . . . .. .. . . " " + 25 11 " 11 + 29 " 
Fcbniary . . . . . . . .. . . " " + 40 11 " " + 40 " 
1\farrh . . . .. . . ..... , . " " + 9~ " " " + 80 " 
A!H'il . . . . .. . . . . . . . . . " " +104 " " " +106 " 

SEISMOMETRIC RECORD. 

Duriug the mortth ending midnight April 30, 1922, 11 local earthquakes and 
thr clistnnt . hocks were registered at the Observatory. These and othe1· 
ea rth mov ments arc oxlribitecl below. Distance of origin when indicated by 
the instrum ental rncorcl is stated in English mil es. Time is Hawaiian Stanclanl 
of m riclinn 157° 30' .. vV'., 10 h. 30 Ill. slower tlrn,n ,Greenwich. 
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Centml lake had become a deep lrregul:ll' em1yon. Ri s of the crags had 
become slower. The only open pool wns at tlo e rhyth111ic fountain . Every· 
where else the pools 'Were crusted and swo ll en except for occasional spells of 
c1·acking and ~ounclering. The east IJOnd su rf:wo had 1Jocon10 a plateau, and 
at 12:20 p. m. 1t was squeezing tri ckl e flow s out from nnd r its northern margin. 

April 25. The crags had been rising very slowly 111Ld tho lakes faster. 'l'h e 
October shelf was now subn1erged and th e north pool was a cossibl e by way o.f 
the easy slopes and shelves on that siclo of Halom1wmn11 . '!'here was much 
diffuse smoke. At 11 a . m. titer w r four his i11g con s at western edge of 
east pond a nd the hissing 11oi ·es in tho pit w •ro loud. No i'on11L11ins wore visi­
b_Iu from east 1·in1. Eastern Jakes we re h avily ru sted. At night vwo locali­
ties were seen to keep u11 a g low, 11 0:u c ntral fountain an I north, pool. 

April 26. At 9 a. 111. lrrkos were ·rn stod. A •ono south of south en1g was 
splashing Java to t ho adj:1ce rtt Jlour. A small cono on southwest floor was 
hissing and maki11g coarse J: ele 's hair; there had been recent flooclino- t her , 
Dense fume rose from a smu ll vent between wall of pit and west po"ncl. In 
the oven well deep rumbling from splashing lava below could be bea1·d. 

April 2S. At 3 p. m. there were fi lagree cones along i1rne1· border of cast 
l:1.ke an~ uucl e1· the northeast erag, hissing noisily. Another hi ssing cone had 
fom1ed 111 t he northwestern wall pond. 'l'riekling flows pouretl from the no1·th 
pool towards wall of pit. Sn10ke rose from a crnck in th ei north floor and from 
near west pond. After twenty minutes of quiet the north pool became inflated, 
the cru st heaved, cracked and gave vent to a rush of gas through a crack 
severnl inches wide. '!'his with t he vigorous fountain that followed resembled 
the caul clrou action of March, 192). There were two fountains in central lake. 
The lakes appeared to have gained on t he crags. Splashing of lava could be 
heard i n oven well at the southwest rift, seemingly at a lo wer level than the 
lakes in Halemaumau. 
.. April 29. A~ 3 p. m. lakes ,appe~rec1 about 60 feet down, a11d crags were 

nsmg about 1.3 foot per day . 'I he 111ght before had shown brighter .glow due 
to much bi-eaking up of the border pools ancl fountains in the central and south ­
west pools. Now there was mu •h cracking and foundering of crust iu south­
east, east, northeast ancl north-northwest wall pools. Supe1·ficially the nor t heast 
pool appeared continuous with east _pond. A north-northwest pool had replaced 
the north wall-pond by a migration of the cup westward. Over - the north 
pond site there remained a large spatter dome. Central J)OOl was open and 
making hu_ge balloons of_ inflated skin, alongside a big clome grotto on its north 
b_nnk. Tlns pool lay adJacent to east central crag separated by a crust pm·ti­
tlon f1:om so~1 th1west arm pool. '!'.he latter was also open with the rhythmic 
fountam at its eastern end bre:.ukmg once a minute. 

A u avalanche from east side of northeast crag mass show ed that centri­
fugal tilting was in progress. Southwest pool showed a fixed 1·im 4 feet high 
the other pools had l'ims revealed after breaking-up spells one 01' two feet high'. 
These spells wel'e now very frequent as though gas p1·essurc inorcasecl as the 
lava sul'face app1·oachecl tho rim level of Halemaumau. 'l'ho crusts would crack 
in loJ1g slabs that tiltec1 clown into t he melt beneath, 1rnshccl over by a cas­
cade-like rush of lava from under th crnst surface remaining. 

April 30. At 4 p. m. pit was dull nucl lava was rising. Only central an cl 
southwest pools wcro a tive. 'l'h re ,wus mu h smoke ancl t he night glow was 
dull. 

LAVA MEASUREMENTS. 

Measurements of depression (- ) ancl of •lcvation ( +) of the mobile lant 
column, made with transit, 1·efcn d to north as t. s tation of ri m of Halemaumau 
pit (3727 feet above sea-level ), fo r tl,e montlr encliu<r Apri l 30 1922 in cluding 
crag peaks of bench magma and mean liquid level of lake magma, ....:ere as fol­
lows: 
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Mean lake , outh Northwest East central 
level crag crag crag 

a.m ... -]78 feet -77 feet -84 feet Ma1·ch 2!l, 9 
Apri l 5 !) a.Ill . .. - 134 " -22 " -27 " -58 feet 

' " " " -52 " 8, 10 a .m ... -122 -5 -14 

" 12, 2 p.111 . .. -111 " +10 " + 4 " -33 " 
" J , 10 a.111 ... - 84 " +30 " +21 " -13 " 

May •> 11 a.m ... - 58 " +56 " +46 " ~, 
Progre. si ,·o ch anges were as fol low s for the liquid In.Ya: 

:i\for. 29-April 5, .... 7 days, Jak e rose 44 feet, a,eraging per day +6 . 3 feet. 
April 5-12, 7 " " " 23 " " " " +3.3 " ..... . .. 
" )2-18, 6 " " " 27 " " " " +4.5 " ........ 
" 1 -May 2, .... . H " " " 26 " " " " +1.9 " 

Progressive fluctuation in Jo,·-el of south crag SUJll llli t ,vas as follows: 
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SEISMOMETRIC RECORD. 

Duriug the mortth ending midnight April 30, 1922, 11 local earthquakes and 
thr clistnnt . hocks were registered at the Observatory. These and othe1· 
ea rth mov ments arc oxlribitecl below. Distance of origin when indicated by 
the instrum ental rncorcl is stated in English mil es. Time is Hawaiian Stanclanl 
of m riclinn 157° 30' .. vV'., 10 h. 30 Ill. slower tlrn,n ,Greenwich. 
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Local E arthc1uakes. 

April 
" 
" 
" 
" 
II 

" 
" 
" 

" 
" 

J, 1:42 a .m. 
3, 2 :40 ;) .Ill. 

9, 11:23 a.Ill. 
10, 7:17 p .m. 
] 2, 12 :50 a .m . 
16, 2:10 a.m. 
17, 11:18 a.1n. 
2:i, 11:45 n.m. 
25, ,1.:07 H.Jll, 

95, .11: :Jr; :t.111. 
2!l, J :30 a.111. 

Feeble. 
Very feeb le. 

'' '' ,, ,, 
,, '' 
'' ,, 
II " ,, ,, 

S light , di ·t:trtl'L' :1 111i. :tz i111ulh Kl~-NW. 
l<'L• ll l01•:lily. 

Sl ight , dis tan ce Ii 111i. 

V c ,·y feeble. 

Teleseisms. 

April 
" 
" 

2, 
2;3, 
25, 

9:00 :t.111. 
1 1.: 1.0 ;1. 111 . 

5::-l0 p.m . 

S light. 
Kligh t. 

.Slight. 

Spasdomic Microtremor. 

1'h is type of tremor by \\'eeks beginHing April l wa s rcgislcred as foJlo\\·s : 
April 1- 7. S light. 

'' 8-14. Alight, ll'ith i11 c1·casc on lhe 1 1th. 
J.5-2 1. fil i .,ht cxcepl moderate 011 l!Jllt am! 20 1.h. 

" 22-2 . Slight'. 

Harmonic · Microtremor. 

Thi type of trnmor wa.· Yery slight th rough out lhe month. 

Mieroseismic Motion. 

Amplitude of m itrosc is rn s \\'a · as follows: 
April 1- 7. Sl ight. 

" 8-H. SJio-ht. 
" .15-21. ' light, cxt:cpt 1110\le ralc 011 I.7th a ncl ]8th. 
'' 22-28. Slight. 

Tilting of the Ground. 

By weeks, this movement was ns foll ows, expressed as angular cha nge au d 
Llirectiou of motion of th e plumb line. 

April J- 7 2.3 seconds · SW. 
" -14 2.3 " ENE. 
'' 15-21 1. 0 scconcl NNE. 
" 22-28 3. 5 seconds ·wsw. 

4.0 

T. A . .JAGGAR, 
Volcanologist. 

. /, 
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• 

'I'""-·-
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' I ~--· 

---------·-\:. 
~ILAUEA 5ECTION 

OF 
HAVVAI I NATIONAL PAl:2 K.-

J..•9cnd 
Go ,,. arnmcn l Rood 
Tro,I 

• /2' ·· 1;" ..... 

Einck spo t shows IOC"aLion of Observator y. 

All exchnnges should be addressed to 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P. 0., Hawaii. 

The Observatory is equiJ>ped with the following 
1eismometrlc instrum ents rebui lt at th e station in 
1918 for the special needs of vo lcano research : two 
l3osch-Omor i pendulums, hi gh-speed registration of 
local earthquakes: one optica ll y recording seismo· 
frBPh for ~i~tant earthquakes: one clinograph r egister · 
mg E-W tilting of the ground. A vertical componen t 
~ci smogrnph wns in Decem ber, 1018 1 set up in ex­
perimen tal operation. These are sented on concrete 
piers in a closed basement room having practically 
constan t tempera ture, ben enth th e chief Observatorv 
build ing near the hotel. Time is referred to a rated 
chronometer, checked nt intervals by wirel ess signa l 
from the P earl Hnrbor Navnl Station. The chrono­
m,t er is loaned by the University of Hawaii. Ha­
waiian standard tim e (H. S. 'l'.) is 10 hrs. 30 mi n , 
'riwer than Greenwich time. Observatory Lnt . 190 

• 54.2" N.; Long. 155° 15' 39.2" W.; Elevation 
,i4.6 meters (3985 feet). 

HAWAII NATIONAL PARK. 

This park was created b)• net of Congress August 
1, 1916, and includes three famous volcnnoes-Kilnuen 
nnd 1\fnuna Lon on Hawaii nod Haleaknla on Maui. 
Frequent passenger steamers ply between these islands 
nncl Honolulu. 

Ha.Jeakala Sectlon-Haleaknln, ''house built by the 
sun,' 1 a peak more thnn 10,000 fee t high, carries an 
immense fissure-lik e crater 8 miles long nnd 3 miles 
wide, with wnlls 2000 feet high. Here, ns well as 
on Maunn Lon and ?.fauna K ea , grows the Silver 
Sword (Ar,::vroxiph ium). 'l'hirtern volcanic cones l ie 
wl!olh· w ithin th e ~rater. some ri s ing n early to the 
l1 e1ght of the summit. The scene nt sunrise is mnr­
velouslv beautiful. 
. Wailuku is th e point of departure, automobiles tak­
ing the -J,rnveler to Olinda, s summer resi dence set­
tl ement 4043 feet high . Alter 2 hours drive to this 
point, saddle horses are taken to the summit, n ride 
nf 8 ½ hours. Here is n fine concrete rest house 
built by the citizens of Maul, and fully equipped 
with iron beds, blankets, stoves and cooking utensils. 

Manna Loa Sectlon-Mauna Loa a vast dome 
l R •• ~75 feet high , r eached through 'fore•ts of Ha· 
ll'&IIM maho&"any (koa) and tree fern, th en up br il-

I liantly colored 1nm slopes, has a summ it crater S 
mil es Joni; h)• 1 1h mil es wide, wilh wall s 700 feel 
high ,• n.nd when in action fountains or fire froth are 
hel'e jetted 500 feet into the nir. Every five or ten 
)·ears splendid spectncles of lava eruption arc staged 
on th e mountain, sometimes from the lower flanks . 

'l1hrre are trnirs on the Konn side, nnd also from 
thP so uthwest, but th e usunl nnd best route is with 
sndclle m»l rs from the Kilauea secti on to Puu Ula· 
ula (9800 fret), a ride of six hours. Here th ere 
is a fully equipped rottage with stables nnd wnter 
suppl)' . From this point on the second da v a four• 
hour rid e takes the visitor to the summit crater, 
wh ere there is water. A right of way within the park 
connects Kilauea with Mnuna Lon, where eventually 
n road will be constru cted . The views are gloriou·a 
nnd the chasms, cones and contorted lavas indescrib· 
ably ch no tic. 

Kilauea Section-The lakes of foaming tier)!' lava 
within the crater or Kilauea form the most spec­
tac11lar exh ibit in the Hnwaii National Park, if not 
in thr world. ']'he pit n( fire, Iialemaumnu, is inside 
of th e nrnin crntPr, nt the apex or n broad, flat, inner 
cone. Kilauea is n dome volcano 4000 feet h igh 
o,·erridden by tho la,•n slopes of Mauna Loa on th~ 
wost so that it seems hut a spur of the greater, and 
p erhaps younger, slag-henp mountain. 

The Kilau ea Park nnd the inner pit itself are 
both r enrhcd directly by automobile from Hilo, the 
second city of the Territory of Hawnii. and there 
al'e excellent hotel accommodations. The distance 
from Hilo is 30 miles. With in the park there al'e 
J ~ miles of r oa ds · and about 20 miles of trail s . As 
shown on the map, there are n dozen ancient p its 
within the area of the park, ns well as cones, caverns 
and hot so lfatnrns nnd n strnnge de sert where lava 
flows have poured out of cracks as recently as 1920, 

'rhc li ve pit of Hn.lemn.umnu is eas ily accessible 
nnrl not dangerous. F1·equently one can wnJ'k to the 
actual edge of lhc splashing, fount a ining lnva Jakes, 
the lava column ri ing and ftllling from year t o year 
s •1 that its mo st distinctive character is ceaseless 
change. At night the spectacle is full of mnrvelous 

color, and the re !?"ion is a paradise f or artists photo O'· 
raphers and naturalists. ' 0 

The several sections are uncler the control' of the 
Nationa l Park Service of the Department of the In­
terior. The United States Weather B'ureau main ­
tains the Hawaiian Volcano Observatory, whi r h 
stnnd• on the brin'< of the greater crater within 
the Kilauea Park. 
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PROGRESS OF BORING EXPERIMENTS. 

No. 5 

May 12 to H the -contractor, Mr. A. H . llobart, brought his drill rig and ere"· 
of four men from Honolulu. May 15 the drill wa set up at east corner Sulphur 
Banks flat, near Volcano House. The site of Hole No. 1 i between a large 
steaming cre,·asse and the main bank of red clay and sulphur, t he latte r fol­
lowing a cut-Yed fissure emitting scalding bot steam at 96° C., the boiling point 
of water for this elevation (3940 fe t above sea-level ) . The bank is covered 
with y ellow cry talline sulphur deposited about steam boles. 'fhis is the large t 
permanent solfatara at Kilauea. The rock is basalt, siliceous ancl whitened by 
solfataric actipn, bedded horizontally in lava flows, its uppel' smface under 
eight or ten feet of alter ed ,olcaitic ash anrl agglomerate. 

Boring began May 16. The machine was a cable rig wi th cam shaft nnd 
treadle opeTatcd by k erosene engine and cleliYe1·ing 40 or 50 stroke per minute. 
I n this hole a bit 6 inches in diameter was used, of blunt chisel form. '.rhi 
tool heavily weighted is lifted aucl dropped rhythmicaJly, and turned by hand at 
tlrn cable. The drilling are reduc('cl to powder except for occasional small chip,; 



of rock. The harder the rock t h e finer the powder. V\Tater is supplied. to the 
hole by hand aud the ''sand-bucket'' is used for occasional cleaning out of 
the sump, or bottom. This bucket consi ts of a tube with trap in lower encl 
which when churned up ancl clown catches the mudcly debris. The upper earthy 
layers were ·ut away rapidly, sh owhlg sulphur ancl some fu me. At 9 feet of 
depth a crack emittiug scaldiug sulphurous steam was penetr ated and there­
after came harcl rock and the clrilling was Yery slow. Steam rose steadily with 
gc-ntle purring, but without marlrnd pressme. It was necc sary to wrap sack­
inO' around mouth of well to protect dril lers and machine from hot acid fume , 
and to paint cable aud other tee! pm-ts with crude petroleum. Eventually a 
plug was made 'for the casing at mouth of well, cou isting of a wooden stopper 
in two hah·es grooved to let cable· pass. 

\\rater was kindly u1 plied by Volcano Hou e. The impact method ,,as 
selectecl beca use of its economy of water. 'rhis first hole consnmecl 10.4 gallons 
water per foot of chilling. Water in banels lashed to !eds was hauled by 
tractor. Tractor and special n\otor car were u ed for skicl1ling and hauling 
casings aucl other tools to the work. · 

The following shows r ecor d of dTilling ·Hole No. l: 
Homs \-Vater 

Date Ma hine other P r ogre s D epth hauled -~Otes 
1922 . l1our work . (feet) . l1ole. (gallon). 

May 16 4 4 J 0.0 J o.0 35 Boring begins afternoon . 
17 J J 0.5 10.5 50 Rock tlull the bit. 
1 cl 5 :l.7 H .2 105 Hole c::tYing in. 
19 ± + 5.8 20 .0 Drill ticking. 
20 2 fi 1.5 21.5 Broken cam shaft. 
22 0 0.0 21.5 Repairs. 
23 2 6 0.5 22.0 -10 Hole crooked . 

:\[achine hours are those when machinery wa in operation . B esides drill­
iug thi involves much hauHng up and lowering tool and casing, jarring tools 
that stick in hole, working the sand-bucket, and idle running while tackles aurl 
tools are b eing adjusted. Omitting first day thTough soft soil, the roc·k chilling 
a,eraged 0.8 feet pe1· machine hour. The mudcly b ottom of hole held water 
much of the time but the hot tool dulled and sh owed surfaces worn by the 
hard r ock. Attempt to place a long casing in hole May 23 showed that hole 
,ms g oing crooked and pitching to southwe;;t, perhaps guidecl by underground 
ii sures. Casing was necessary to keep rock fragments from falling in a ncl 
wedging the tools, t herefore drilling here was discontinued. The hole was 
capped with st eel over a short casing cemented in the or ifice, and o pr esen·ed 
for chemi al and phy ical investigation . Iron pyrite occurrecl in oil the roek 
of this hol e. 

Temperatures were measured a the work progresse(l with Ceutigrncle 
maximum mei·eurial thermometer, lowered into the well at times when bottom 
was known to he free from any fresh inpouriug of d1·ill water. Thermometer 
was exposed five minutes. ~ o cooling effect from such ,rnter "-as detected 
anyway, as the hole was scalding hot and water in ump was J1eatecl Yery 
Tapidly to the tempernture of bottom. 

Th e following i s the record of temperature measurement at Hole No. 1: 
19.22 Depth Air Botton 

Date nnd Time. (feet) . Tem1 erature Tempm·ature 

:\fay 17, 8 a .in . . 

19, 3 p .m . . 

23, 9 a .m . . 

10 .5 

20.0 

22 .0 

Cent. Fahr. Cen t . Fahr. 
]4° 57° 9 ° 20 ° 

17° 63° 

57° 

96° 205° 

205° 

Kotes. 

Thi reading 9 ° C. on 
:i\1ay 1.6 also. 

T1Yo ·reading in uc­
cession. 

In idc of casing 19 
feet long. 



A general temperature of 96 ° is a constant here. 'l'he reading 9 ° by t wo 
different ob er,er , when the hole was fu·st opeue l to the rock under the o,rer­
burden i que tionable. The sam e thermometer was u, ed throughout. When 
the long ca i.ng was withclrn.wn "readings of theTJnometer both 10 feet down and 
in ide mou h of well ]lfay 23 gave 96° C. A similm· measurement at this hole 
June 11 10 feet down, gave 9 ° when maximnm thermom ter was read while 
immer ed in tl1e steam co1un111, t h e mercury receding to 96° whe n withdrawn 
in o open ail-. It is possible t hat in first measurements the observers i-ead quick­
ly and did not observe subsequent shrinkage. Pi:esumably a maximum thermo­
meter reading is calibrntecl fo r reaaiug after removal from expo ure to heat, 
and not for rea hug while mercury above constriction in t ube i itself expanded 
hy heat. Mo1·e0Yer the 96° r eadin gs check ·with later men. ur emeuts made in 
.A.ugu t by means of ::tlurnel-chrom el th rmo-element autl potcntiom ete l', and r e· 
peatcd with another maximum t hermometer of different make. 

Au e:s.-periment wns made May 18 at this hole to cl etermine whether water 
in the steam column woulcl boil . A scaled pipe of one iu ·h intel'llal diameter 
6 feet long was filled with water ancl hung in the well. '.l'he water simmerecl 
and gave off small bubbles but did not boil. A similar test using a shallow 
pau procluce cl the same result. The atmospheric pressure climinishc up.ward so 
a to lo wer boiling point of water about 1 ° C. for each 10 0 feet of eleva tion. 
Hence mean boiliug point at elevation 3940 feet should be 100° minus 3.65° 
equals 96.35°. The actual records at de1 ths 20 and 22 feet in Hole No. 1 were 
95.7° anl 95. 0 , reading thermometer to t enths. This if correct cl1ecks witll 
e:iq erirn en t in showing that ste::irn in well is half a cleg1·ee below boiling point. 
Hole No. 2. 

The drill May 24 was moved 140 feet west from Hole No . 1 to th e flat 
ground 50 feet in front of the large sulphur ban k. This is in the ba in traversed 
by steam cracks which l ies a quarter mile northwest f rom Volcano H ouse. It 
appears t o be a corner of t he olcl Kilauea 'rater floor elating from some very 
aucient period, before the down-faulting that created t he cliffs aucl fault ­
benches surrounding th e present ernter . '£he whol e basin tliffers from t he regions 
round about iu the hotness of the gromul aud the large uumber of ·team-cracks. 
Hole No. 2 was ta1'ted in the surface covering of 1790 asl1 and rain-wash allu· 
vium grouucl that is warm but giving no sign of the scalding heat belo w. The 
hole was startccl ]2 inches in diameter, some h a.rd material was encountered 3 
feet clo~,u, but the main ledge with stea.m ·racks was r eached at a cl pt h of 7 
feet. ix feet clown the t emperahll'e was 53 ° C. (127 ° F .) in green sulpl1urous 
earthy material ; the temperature ro e to 96° C. (205- F. ) in t he com· e of the 
next 2 f eet (May 26). Thereafter the drill "'as i.irrotmclccl by scalding st1-l phur­
ous steam and went through mineralized basaltic lava with much iron sulphide 
(pyrite), the mud and wateT sometimes disappearing in cre,, ices and in ot her 
places being recovered by sancl-bucket or i ron ladle. Below 7 feet a bit 
inches in diame ter was used, producing a hole about 9 inches across . Th e hole 
was chilled 20 feet cleep in Ma y ancl c:nriccl farther in J une. ,Consumption of 
water in May 011 this hol e was 14.91 gallons per foot; average consumption of 
water on botk holes was 12 .6 gnllons I er foot . 

The follo"·ing is th e May chilling r ecord for Hal No. 2: 

Date Machine 
1922. hour 

May 24 1 
25 
26 

27 
29 

31 

7 

3 
2 

6 

Hours vYater. 
othe r Progress Depth haul ed .r ot<.' ·. 

work. (feet.) (feet) (gallon.' ) . 
7 3.5 3.5 Dr.ill.eel with t ube bit . 
5 2.5 6.0 30 Reach rock. 
1 4.2 10.2 40 1\Iml disappears in steam-

5 
6 

2 

2.fl 
2.6 

4.4 

]3.1 
15.7 

20.1 

cracJrn. 
40 Bit shows wear. 

140 

'l'wo men 
men off. 

only; three 

Put in casiug. 
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The avera/;'e driJling in rock for this period; omitting upper 6 feet, was 0.7 
foot per ma.clnue hour. The mean for all rock drilling for the month including 
H?le No: 1 was 0.79 foot per machine hour. T_he average chill operation accom­
pllsh_od for both holes from May 16 to May 31, thirteen working days (not in­
cludmg four days of travel, transportation and assembling rig) was 3.15 machine 
hours per 8-hour day. 'l'his makes the daily footage 2.49 feet at the rock-drm ­
ing rate, the actual footage (including Tock and overburuen) averaging 3.il 
feet per day. The e results show that basaltic lava sheets are harcl rncks to 
clrill. 

VOLCANIC CONDITIONS IN MAY. 
Activity of Halemaumau. 

The scene at Halcmaumau fire pit was now very spectnculnr ancl the lava 
was accessible. The actiYity of splashing and spurting fountains increased dur­
ing the first week of the mouth so that :fifteen or twenty centers of effervesceuce 
were sometimes in action. 'l'he liquid lava of the marginal pools came up to 
within 57 feet of th e mean ]eYe] of rim of pit, and the · great crags out in the 
center stood over 100 feet above the lakes. The rate of rising, however, was 
decreasing to little more than a foot per day. Most of this was r egistered as 
motion of the flat platfoTIUs that surrounded the lake , anc1 of the craggy peaks 
surmounting them, for the liquicl lava at times distinctly subsided, making 
valleys of shm1ped crn ·t aloug the edge · of the floor aro;i. Furthermore th 
separate ponds of which there were nine, so retreated within their cups as to 
show banks 4 to 8 foot high, with o,erhanging ec1ges enclosing fiery grottoes. 
, moke at the pit was fairly thin. 

In the two rift wells outside of Halemaumau the lava rose so as to be 
plainly visible as a floor where gas was hissing through glowing cracks about 
50 or 60 feet below the opening . Occasionally ·ome spurting or fountaining 
was seen clown the wells, but the upper walls hung with talactites were no 
l.onger glowing. 

During the second week the liquicl la,a ro e to a point less than 50 feet 
below rim in some place . The crags ro e spasmodically but at times were 
nea1·ly stationary. Fountaining and splashing actiYity ,ariec1, omc new COllCS 

and 011011 grottoes were forming ancl the outer pools along tbe border valleys 
were generally brimming full and ofteu overflowing their banks. Some of the 
border fill s swelled into h-regular luunmocks. The tilt of the crags macle show­
ers of b roken rock spill from the l edges. Usually six or seven fountains could 
be counted . Flames were abnndant where burning ga rnshecl up through cracks 
in crust. The la.va in the southern rift wells ceased its activity, but the oven 
cone coutinned to show live melt from 40 to 75 feet down, the liquicl sinking 
mai·kedly at one time and reve:iling a glowing cavernous hole. 

This sinking at the rift well was the signal for a crisis which was reached 
May 13 and the third week of the month was the most spectacular a.ncli inter­
esting culmination which hacl occurrec1 at Kilauea since the :March emption of 
1921. The Tise which had started in November HJ21, continued with slight 
flu ctuations until May 13 when portions of the liquid lava reached :1 level of 
less than 50 feet below the rim . By May 21 the lake level had drop.pod 300 feet, 
the subsidence in one week, nearly equaling the rise of fiv e and a ha.lf months. 

The sinking was steady but majestic, most of the crags, lakes ancl adjacent 
floors maintaining their identitv. More molten lavit was visible than during 
the rising period. Fume remained thin and seeing good. Avalrmches from crags 
ancl walls were nume1·ous and the crash of tons of rock falling 300 feet was 
awesome. Pasty flows were frequently seen trickling from the veneer that 
covered the pit walls. 

The southwest rif t tunnel iu ide the pit again became visible as au opening 
at the base of the precipice with a molten lava pool at the eutmnce. At once 
the admission of air through this blast furnace brought about a ro::niug updraft 
through the oven well, ancl the interior surfaces became brightly incaudescent 
as the fresh supply of o;;._7gen was Ulinglecl with the uprusliing volcanic gas. 
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The week ending May 28 at Kilauea witnessecl one of the great historic 
ub irlences of the lava which will be remembered for years to com e. This was 

e::1.-pect ed as the closing episode of the cycle of Mauna Loa aucl Kilauea erup­
tions that began in 1914. The collapse of Halemaumau pit continued after the 
end of the month, accompaniccl by iuce sant roar of avalanches falling into a 
t remendous Yoid more than 00 feet in depth. 

The r apid subsiclence after the middle of the month contiiiued at about the 
same r ate until May 25 . Swarms of earthquakes were r egistered by" the seis­
mographs, many of them felt at the Yok.ano, :ulcl finally some of these were 
r e-ported from Hilo, Hononrn and Waiohiuu. The shelf of new Java clinging 
tn the R alemaumau wall gradually caved away making glowing avalanches. 
The -crags and Java lakes were clrawn down bodily ncl enveloped in debris 
slopes, but on hlay 26 some of these features coulcl still be identified over 600 
feet down. The huge cavern of the 1920 r ift became au enormous b lack t unnel 
half as high as the l)it wall, with a lava pool below a ucl incandescent rock falls 
from i_ts ceiling . This tunnel appearecl also on the opposite side of the pit at 
a much lower level, and here also liquid Java could be seen in its depths. 

About 2 p. m. May 26, and in the early afternoon of the two succeeding 
clays, spells of general caving in of the pit wall took place, sending up cauli­
flower clouds of brown and salmon color hunclre.ds of feet, ancl making a thun­
derous roar heard seYeral mil es away. All of t he smveying stations and 
''clanger'' signs were carried a.way, and also many portions of the trail around 
the pit. Th e tmrnel southwest and the two rift wells fell in, making a smoking 
canyon extending H alemaum au 500 feet in t ha t direction. On other sides the 
rim caved in for a width of about 100 feet . The n ew pit was therefore a point­
eel oval iu plan wi th t he point clircctccl to1,ard th e K au Desert, 2000 feet long 
on th at diameter by 1500 feet wide. 

By May 31 Halemaumau had entered upon a dormant peri'od, b ecoming an 
imm ense vacant cauldron bottomed with slide-rnck and st eaming mostly at the 
south west corner where the rift tunnel of 1920 lay buried under talus. After 
May 30 th ere was no glow at Ral emaumau, the sliding and avalanching gracl-
11allr less ned, and the depth to the bottom of the talus funnel was found by 
l:iter measurcm nts to be 861 feet . It is cei·tain that the top of t he lava column 
subsided at lea t )000 feet . 
Activity of P una Craters. 

I n view of the supposed drainage undcrground of the liquid la ,7a of Ralc­
ruaum au, t he Kau Desert was explo1·cd for outflows May 2 and nothing new 
was found nor was any distant smoke ec n. A swaying ear thqu ake about 8 
p. m . heralded the appearan ce of bright glow at 1fakaopuhi crater. This crater 
had been Yisitcd that morning by touri t ancl hacl shown nothing unusual . 
'Ihe evening outbreak wn found t o be occasioned by ca. cades of stiff Java 
that pourcrl from th l' top of the talus on t he north side of t hi s p it and 
marlc a pool h1 the ho t f·om . C1·aeks h:ul opcne l a foot 01· more for four 
or five miles w est-son th11·est from Malrnopuhi. May 29 this ernption rlwinclled, 
but a n ew cn1ptio11. broke out on the uorth edge of Tapan crate r fo.rthor cast .. 
Toisy explosive lava cones fo rmed here making small areas of lava flow 011 

the floor of the crater and 011 t he plateau above, an cl cascacl es down the cliff. 
This eruption also lasted only a day. Ther e was a slight lava flow also at a 
small pit crater north east of Napau. All of this Puna la.Ya was a scoriaceous 
pahoeh oc with aa phases. 

JOURNAL. 

Activity of Halemaumau 
May 2. At 11 a . m. crag and bench )aYa were founcl to have risen so tha.t 

the several pools had lianks 2 to 4 f ee t l1igh and the liquid was open and showed 
s1.a-fa.ce streaming. Measurements macle lake level 58 feet below rim and both 
crags and liquid were 1·ising _ feet per clay. Around wall-crack V-shapecl cle-
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pressions showed slumpi ng, especiall y marked nortl1cast and uortlnHst. 'Ihere 
1Yerc eigh t 01· nine border fountains and some ceutral fountaining in cen tral 
lake. Th e east, southwest and north ponds Jrncl sharply markecl ou tlines. There 
was some moke and increased flaring at night. 

May 3. At 1 p. m. pools show ed banks 4 feet high excepting cast pond 
which ·was nearly brimming. 'l'here were two fountains in southea t pool and 
two in southwest arm . Latter was separated by an i tbmus from ce ntral lake. 
A h issing .cone stoocl n ear south wall. r orth pond showed one fountain and 
rising laYa. Conspicuous crack extend ecl nortlmarcl across t he swollen north 
floor. 

May 5. At JO p. m. eigh teen fountain s wer, visible, also flames through 
cracks in crnst of lakes, allll liquid lava showetl aro und wall margin eYerywhorc 
except south we t . A peculiar explosion ,yas obserYecl 01·er th e innel' bank of 
north l::tl,e, making a sharp report an<l producing bluish sparks for about two 
minutes after the detonation. On two occasions this poncl ank about six 
inches withou t any breaking up of crust and with 011ly one fountain in action. 
Molten lava was spla hing in upper soutlrwest rift well and was visible in the 
lower well. 

May 7. At 11: 30 a . m. large lifted p latforms were conspicuous a round west 
sicle of pit and au evenly sagged crust along the southwest wall-valley. Wall­
crack fill was clepressecl also northea t and northwest. There were founta ins 
in south, northeast aucl northwest wall cracks, in north ancl east ponds, in 
central lake and at the locality of iu cessant ou tbtusts of rhythmic fountaining 
in southwest pool. ·Interiors of sout hea t pool, north cove pool and west coYe 
pool were not v isible. The grou p of crag was ri ing by steri.dy swelling of 
bench magmn. Rocks were falling along the crevasses, notably wh ere nor th­
west platform of uplift was breaking away from the wnll-crnck. Banks of 
southwest pool and west pond were res1 ectively 6 and 4 feet high, but the 
wall -crack pools Jrncl raised banks on the crag side and overflowing margin 
on wall sicle. A breaking-up spell occunecl in southeast arm with streaming 
southeastward. Eight fountaining places were counted in the whole pit. At 
t he two southwest rift well there were lava floors about 50 feet down, th 
11 01-thern or oven well sho"·ing glow in a crack, the other a fl at yellowish floor 
with a his ·ing vent. 

May 8. At ::l l'· 111 . thel'c "·as fou ntaining in sot_1tlH.'aRt ann and ce 11t-ral 
lake, his.·ing fro m undcT crust.·, now fills occ upied the wal l-valley, t here wa s a 
fou ntaining p ur1dlc in nol'thea t, poncl, anrl th e ln va of cast poncl was brimrni11 g 
lcYel with l auks, crustccl ovcl', and m:iking a, hissing sound a,t glow cone on 
bauk. The nor th pond hacl OYcrflowcd extensively along wall-valley and bul'ie cl 
a spatteT cone that had b een un covered on the pl'cvious dny. Rocks were ·eon 
to fo ll from northeast crag mass aml Observato ry mcnsnremcuts showccl maxi­
mum rising at south crag. 

May 10. At 11 a . m. se,en fountains :incl six blowing cones \\·ere counted . 
Southeast arm had now de,eloped T-shape, t he cross-piece being 111::ulc by 

wall-valley pool; at west end of this pool was a coYe enclosing a splashing pot. 
Crust of tJ1is pool broke up at 11:45. Swollen floor west of south C.l'ag exl1ibited 
a fownwarcl be ncl to wall-n1lley with concentric cracks. In the wall-cra ck wern 
trickle flows oYer 50 feet be1ow rim of pit. 

Th e \\Titer de·cended to north wall-valley fill wh ich was n ?r.v hot, glow­
ing and hi sing. Thi s was cro sed to the north crag slope, but the latter was 
fouucl baclly crevassed and iuacce iblo. A ucw wide northern fill had a swollen 
plateau surface that showecl signs of r ecent cnteking and foundering. It was 
11 0w t hickly crnsted, with gas hi sing through cracl{s. 

May 11. At 10 a . m. th o northern wall-,·alle, fill was founcl to be higher 
ancl more humpy, Northeast pond broke up ancl sent out hot o,- rflows. Onl y 
two or three fountains were ob erved . South west arm lny 10 feet b low it 
banks. Th er e was mucb smoko. ' 
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· outh,Ye t OYen showed a break in the luva shell 40 feet down through 
which a glowing void coultl be seen where la>'a was heard splashing and surging 
at least 20 feet lower . In second well the floor was yellow, broken and dead, 
and wet yellow patches of salts had formed on the walls. 

M ay 12. Crags continued to rise but lakes were rising only half as fast . At 
J10on ,i perpetual fountain wns in action at east encl of south east wall pool. A 
fou ntaining grotto with half-tlomo ove1· it was seen in cas t pond . Swollen domes 
had fo,.med in nor thern regions. Pragments wcr falling from r aisecl platform 
about 4 feet high aronncl west pond. The llquid I:tv,i in rift oven app aret l 
lower than the lakes in Halemaumau. , 

May 13. Only one fountain was observecl, the gas expending itself at 
vents loudly hissing. <::ome of th ese aJong inner bank of east poncl were glow­
ing ancl above lake level, while the outer bank on wall sicle was not marked . 
Escape of burning gas through cracks in crust of sou th east arm was sufficiently 
violent to blow away small chips of crust and to heat t he cracks red. This clay 
was the end of the prolonged rise. . 

May 14. At 8 p. m. ten fountain were in action, flames were common and 
subsidence had begun. 'ome of the crags were lower . Tho border lakes showed 
lowering within their bank r e,ealing caverns at the ends. Most of the pools 
were open and free from cru t, the cen trnl lake fountains flinging t he melt 
high, and the south"·est arm exhibiting its dome fountain at intervals. North­
west " ·a ll-crack pool had lowerecl 4 feet leaving a new bench on w all side and 
a cavern at its east encl. Northe:ist r egion showed flaming clefts and the pool 
there had cavernous overhang at its ends. East pond showed curtained grottoes 
aBd southeast arm was st reaming voluminously against south wall of pit. 

In forenoon lll'obably an u1nvarcl gushing of la,a occurred in oven co1,e o.f 
so uthwest rift. 'l'he lava in the well was cr edibly reported to have stood only 
a few f eet clown. Now in the evening it showed a glowing shell 40 feet down 
and a bright quiet void below hung with big stalactites. • 

A visit to Manna Iki in Kau Desert 011 this clay showed that all was quiet 
in that r egion. 

May 15. Crags were distinctly lower but t he fume and night glow remain­
ed as before. 

M ay 16. At 10 a. m . general lowering was remarkable, esi:iecially in central 
region amounting to from 5 to 10 feet for the crags. Gas was hissing, lakes 
were crnsted except in border pools, and a fountain in north wall pond was 
building a. spatter rnmpart on the crn t . A tunnel was een under south crag 
mass opposite the rhythmic fountain in outhwe t ann. 

At p. m. eighteen fountains were in action and lake appeared about 75 
feet below rim . rorth wall-crack pool hacl greatly lengthened . 'rh ere were fal ls 
of rock from the marginal shelf left by s ub iclence, th is shelf appearing over 
20 feet abo,·e east pond on the wall side, wh ile 011 erag side the beneh abo,·e 
pond was low as crag and poncl sank together. E ast pond appeared lower than 
south wall pool and a partition separated th em. Th ese p ools howecl cracking 
ancl foundering and some flames were seen. 

May 17. At 6:30 p. m. lakes appeared 90 t o 100 feet clown an d avalanches 
of glowing ma terial fell f rom the wall ,eneer . Aa paste was Yisible, glowing 
in the debris slopes. Thirteen fountain . were coun ted. Topog raphy of laYa 
column wa oul y slightly chnngcd, cracks had appear ed in the platforms ancl 
the general mo,·ement was like October, 1921, the circle of crags lowering 
steadily an cl the annular lake leaving a vertical Yeneer again t wall of pit. 
This , ·eneer " ·as capped by a bench 20 feet " · icl e ancl the wall below showecl 
successive shore mar1dngs. 

Southeast crag exhibited glo1,·ing cracks. A large platform was attached 
to northeast crag, while part of the ring pool occupied the wall-,·alley. There 
were many glowing cracks. Fume was t hin. 

May 18. At 10 a . m. lakes were J 1 feet below rim and only south and 
north'l\"est crags were still visible from Obsen ·atory. These also disappeared 
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cluring the day and rate of lowering was estimatecl two feet per hour. Two 
eai·thquakes occurred during the previous day, one of them felt and swarms of 
small quakes wei-e now in progress. 

The lakes were sluggish and the wall veneer was interrupted by an aval· 
nn ·he scar soutl1east. Central and outhwe t pools stood 10 feet below their 
platforms. orthwest c1·ag mass Imel sunk rel ative to pl:i.tfonn west of it 
leaving the latter in high rnlief relative to th pools against it. The beuch 
lava was breaking down and revealing red hot surfaces, and u bri. fills Jay in 
the wall -valley southwest, north,vest aucl north. Au avalanche fall broke up 
the surface of the east pond. Fume was Ycry th in. 

M ay 19. At 5 p. m. lakes appeared oYer 200 feet clown. ·wall crack was 
becoming choked with sca rlet glowing aa paste, pahochoe crusts and talus. 
There were pressure heaps in south wall-valley. 'l'he large dome fountain burst 
rhythmically in southwest ai·m . The cYen horizontally corrugated shelf veneer 
all a round was broken below 01ily in those iJlaces where the sinking crag matter 
was becoming crowded against the funnelled wall of pit. Numerous trickle 
flows had developed ,\'here the sinking bench magma was displacing liquid 
lava. A cascade poured from southea t arm into fissures ea t of it. Ten foun­
tains were counted. Central region was going down so much faster than the 
border region as to make central lake· fl oocl their banks, while the marginal 
pools r eceded within their cups. 

At 11 p . m. cheesy material was eeu is uing red hot from cracks in the 
wall plaster and at one of these places near t he northea t continuation of 
southwest rift in H alemaumau wall a fiowing took place lasting over two min· 
utes, and shorter flows were seen there on two other occasions, seemingly com· 
iug out of the wall of the pi t. 

May 20. LaYa column \\'US now going down 12 feet per day and the rate 
of lowering was increasing. Earth bocks were numerous and were felt . At 
9 p. rn. the fakes appeared to be 300 feet clo\\·n. Pit appeared to be a vertical 
cyJincler with high black plaster shelf fi,·e times as high as the 50-foot cliff 
above. There was a slope of glowing aa debris at ba e of wall west and south. 
This was slipping and trickling continually with tinkling and crashing noises. 
The toJJ of these heaps 1m marked by a glowing band which widened when 
the material slipped clown. The black ledge had many glow cracks. The south­
west rift tunnel was again open at base of pit wall . and the rift o,cn ha~l 
r esumed brilliant glowing up to its orifice ancl was again blowing ~oisily 
owing t o indraft of ai1· into tunnel below. 

The pit had increased in brightne s and tweh-o fountains were iu actiqn 
including the l'11ythmic fo untain. New fills of glowing aud trickling la\·a o cu.­
pied the ea t central Yalley. Eight pools were Yisible. No big avalanches 
occurred at this t ime. 

At 11 p . m asalauches were falling from wall and crags and there were 
many g1·anular glowing flo,,·s from the blnck ledge. The glow in rift o,en ex­
tended to outer edges of tho cone, but the second well remained dark. 

May 21. At 11 a. 111. avalanches at the pit 1rore continuously sending dust 
to leewa1·cl. A large section of the new pla ter fell from the west wall. A 
small avala nche from roof of rift tunnel at i ts entrance fell into the lava pool 
inside the tunnel. Lakes were now 3-10 feet down. Big falls of I'Ock occuned 
both north ancl south sides of pit. 

In the evening southwest rift o,en bowed dimini heel glow and little fume. 
Th e rift tunnel doorway leading out of the pit in its southwest wall now 
appeared as a grnat arch 90 feet high and 30 feet wide with a quiet glowing 
pool inside sh_owing heaYing surface coYerccl with thin skin and extending far 
beyond th e pit as n.n underground passage. 

'!'here were nine fountains, the rhythmic dome fountain making large flarina 
effects. Cascades poured from cone in central valley amid the crags. Botton~ 
edge of north ern black ledge was falling and glowing. Glow was seen el. e­
wh erc in the ledge but not much glow remained in the talus below. 
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May 22. Subsidence with earthquai-es and avalanche· was now continuous. 
At 10:30 a. m. the pit wall measured by height of inner black ledge appeared 
over 400 feet deep. This ledge southwest was stripped away from top to bottom. 
There were .seven1l fountain · and the crag topography appeared as before 
except for some crnshing ::mcl bLLrial around e<lgcs. TJ1e pit, however, appeared 
big and cyli ndrical all th e wny clown . Whern th e crags came agai nst th e plaster 
th ey si;orctl iL vcJ·ticalJy; clsewl1erc· it showed horizontal shore mark,. 

May 23. At ll a. m. fume had grnatly i 11creasccl :incl t he southwest rift 
zone had evidently been moving. Rift oven had ceased to glow, showed interior 
debris 20 feet down where small black hole on the southwest side gave vent 
to hot air rising in a transparent cauliflower cloud. The stalactites in the 
oYen were brow-n. The lower rift well -wa sulphur stained, shallow and gave 
out Yery little gas. Rift tunnel inside pit appeared 150 feet high with foun­
taining pool inside. Black ledge veneer had peeled off from the entire rift 
crack zone north of tunnel. 

Southea t crag showed a hooked peak at its eastern encl. Pools were trick­
ling and fountaining with much overflow of crusts and with banks 2 to 4 feet 
high. There were small sudden noisy falls of r ock and some of the avalanche 
clust was gray rather than reel . outhwest arm extended to wall of pit, there 
was some spatter builcling on the banks and a fall of rock was seen at the 
northwest crag. 

May 24. Subsiclence continued, accompanied by avalanches and earthquakes. 
At 9 a . m. the southwest cavem appearecl to l1ave its roof one-third of the way 
from bottom to top of wall and a lava pool could be seen inside. Twenty foun­
tains were counted, including t he 1::irge rhythmic outbursts near center of pit. 
There was much trickling lava and the lakes ::tppearecl distorted and high in 
their cups. l!'ume was abundant. 

· May Z/5. 'rhe lake was now 48i feet down and eartl1quakes were felt about 
11:45 a. m. ancl 2 :45 p. m. The last ·was somewhat remarkable, dismantling seis­
mograph pens ancl producing an cast-west rocking motion without any jarring 

· or rattling. 
At 1100J1 bottom of pit appeared much lower. Top of southwest cavern 

stood at a height three-eighths that of wall of pit; the rusted pool in its bottom 
was broken up by frequent falls from the roof. Tran parent fume rose from 
the oven and some smoke from the second well. A ridge of debris had formed 
in ~rant of the cavern and liquid hwa strnamed through this ridge into the 
c::.vern. 

At the rhythmic fountain spatter crescents were forming and lava streams 
were trickling against southern talus, in ea, t centl·a l valley aud at northeast 
wall crack. There ,vas much new talus, partly in motion, :mcl the lower walls 
of pit were scorecl vertically. Lower part of the fresh plaster was falling or 
had fallen. A small islancl lay in w estern part of cen tral lake. Northwest 
platform ,ras breaking up :mcl sloping towarcl enter of pit. 

A big avalanche at 10 a . m. macle an arch of reel dust clouds. Big falls 
from inner roof of rift cavern about noon threw out clust at the oven well. The 
falling material caused pool inside cavern to swas l1 back and forth. Three foun­
taining puddles were seen in the cavern. 

May 26. Big cauliflower clouds of avalanche dust shot up from the pit clm·­
ing the forenoou . 

11..t l p. m. fume~ of sulphmous acid were strong at the northeast solfatara 
near Halemaumau ancl in the vicinity of oven well southwest r umblings could 
bl' heard in the tunnel below. 'rhere were also perceptible vibrations and a 
noise of splashing lava was heard clo"l)'n the well . At 2 p . m. there was inces­
sant roaring and crashing of slicliug l'Ock, especially from roof of rift tunnel. 
·•rhe inner black leclge was nearly intact south, east and north, but i t was gone 
from the west wall leaving brightly colored solfataric. rock . 

.At 2 :15 p. m. a tremendous maximum of general avalanching was reachect 
and enonnous reel-brown cauliflower clouds bo iled up to a g1·eat height over the 
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entire area of whoie pit. , howers of clust fell to leeward and the brown clou<i 
hung over Kau Desert for an l1our . Recurrent iutense avalanching continued for 
a half-hour. Glimpses of southwest rim showecl that thick vertical i,Jabs were 
scaling off, the maximum collapse occmring along th e bToad outcrop of the 1Ht 
belt. 

A survey cforing p:utial cleai-ing nfter 2 :30 1). m. -made the lakes (360 feet 
clow11. A n ew J:nge talu · coverccl entire we.-t side of botto!ll area, burying 
mn·thwest 'mg ma ·s :md we. t poncl. till icl entifiablc were tl,e ce ntral lake and 
sottthern aud ea tern crngs. .A. pool at b:1 e of northeast wr1ll oc ·upiecl a tunuel 
pre umably in the rift belt. The eastern bla ·k ledge and plaster were still 
in place. 

E:xmnination of southwest rift wells showed smoking ground between pit 
and oven, ancl rim of pit was completely cha nged on the west. Southwest, west 
and northwest tations had fallen in as well as much of the trail. The oven 
cone wa~ now close to Halemauman rim, which had formed a deep embaymen +, 
in direction of the rift. 

Immediately after the great avalanches, scores of bubble fountains were 
seen in southwe t arm, the debris reaching edge of lake . Thereafter lake 
el'usted over ancl the rhythmic fountain became the principal center of activity. 

The new tunuel northeast, seemingly a continuation of rift tunnel, hacl itll 
top over 400 feet down, whereas southwest rift tunnel now appeared only about 
JOO feet clown and its lower pa.rt wa so fill ed with talus :is to leave only a 
small height of cavern entrance visible. New hot cracks, probably glowing by 
night, hacl opened parallel to rim of pit along north and west sides. Small 
slides and some O'Teat ones occurred all the afternoon ancl night, especiariy about 
6 :45 P- m. when the northeast tunnel was completely buried. The fresh plaster 
material of these avalanches was reel hot. During th e night northeast and 
south-south west stations fell in. The south pressure riclge persisted except· at 
it~ eastern end. 

Violent explosions occurred through crack in t he ea t central Talley clming 
the afteruoan, encling up sheets of hl\-a in umbrella form so a. to create a slag 
h eap. There were al o e:xplo ions ancl puff of dust from the viciuity of north­
ea t tunuel. 

May 27. There ,rnrc light earthquakes and heavy avalanch es about 6 :15 
a. lll, 

At noon the com-ergcnt talu' lopes inside Halemaumau were continually 
slicling and the rim hacl everywhere fall en away except at south pressure ridge . 
'fop of southwest tunnel appearecl higher than before :incl rocks were falling 
from i ts roof. \VJiat appeared to be a vertical dyk e 2 feet "·icle e:xtencled up 
the face of the cliff aboYe the mouth of the tunnel. omc of the r ecent veneer 
still clung to southeast wall of pit. A small puclcUe of liquicl lava with trickling 
streams was still discernible in center of pit where the ta lus slopes met. Clouds 
of clust hung over the pit and r eddish jets from avalanches were frequent. 
These became big cauli:flower clouds again between 1 and 2 p . m. Roaring noises 
accompanied the avalanches ancl in on case the rock-falls seemed to migrate 
from south to north along ea t eclge of pit. 

At 6 p . m. there was continuous roar of sliding stones mo tly from south­
west rift region, which l,acl now completely caved in so that the tunnel was an 
open chasm. In front of it a ci-aggy outlier .of the cliff stood as a group of 
pinnacles ince sa11tly crnmbliug and ending showers of rock to the talus below. 
Edge of pit had changecl everywbero including west encl of pressure ridge, which 
hacl fallen taking with it portions of the trail. The grouncl southwest of J)it was 
steaming. Hot •racks back of north rim were wider open than before. 

A clearing spell l'eYealec1 immen e talus slopes conve1·ging to bottom of pit, 
the only patch of live lava lying in the l'egion of southea t wall-crack, where . 
al o some aa substance was sliding in powdery incandescent streams. 

May 28. Dming night pit was clark. .A.t the Observatory a loud 1·oar was 
heard from the pit at 1:20 a. 111. and two Jes er noises during the following hour. 
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Figure -1. i\fay 18, HJ~~- Halcrn:iurn:1u du1·ing subside nce. Southenst 
w:111-,·all c_v a nd plastex shelf or black ledge. Show· ·outh ea ·t c rag and 
east pond going clO\\"ll together. l>!Joto Jaggar. 

:F'igurc 5. II.lay '> (j 19~2, ea rly afternoou . Halemaumau from Uwc· 
kahuna Bluff cluriug big aYalanche. 



F igure 6. :.la,v :29, 1922. North wall of )1alrnophhi I'it. (ltn- ing l,wa 
ilo\1· · from upper p:ut of the talus fiJling bottom area. Photo Morih .iro. 



At 9:30 a. m. tbe pit was overhung with salmoil-coiored. dust and white fume. 
Talus was sliding most of tho time and small soft clouds of dust rose. Bottom 
of pit showed two principal convergent talus slopes from north-north east and 
fr om west ides· the south and east sides were rock surfaces, the forme1· sloping 
iaw:n- il at a high angle and cov.ered with a mask of fine debris. The cast wall 
was very steep rrnd showed rounded projections below. Rock face of n01.·th wall 
to ntained small Tagged dyk es, one of these trou ling cast and west ::ind clipping 
ahout 80 degrees 11ortlrw:ird. Below it thel'e was a rounded mass of ma:sivc 
rock sharply co11trasted with the bedding of the flows. In the forenoon no t 1·ace 
of molten lava was visible but it made its appearance in afternoon at base of 
sou th east wall. 

The great rift cha m southwest of Kilauea er;i,ter showed no changes ex­
cept an unusual quantity of hot v·1por. "O activity was discernible in the desert 
to the south. Pink du t from recent avalanches was abundant in the desert 
and on southwest floor of Kilauea. Duriug a shower the raindrops were found 
tu be stained with pink dust, noises and puffs of avalanches coming from Hale· 
maumau at the time. · 

Inspectiou of the rift zone near Halemaumau showed that the subterranean 
tunnel had become a chasm 40 feet wicle and widening where it joined the pit. 
n ;yas over 100 feet d e1J and floored with rock debri . It ended at what ha l 
been the lower rift well. The upper surface tunnel was still in place opening at 
the chasm, its entrance piled with debris . Hot ulphurous fume rose from 
the chasm. There was no sign of a tunnel extension along the rift from the 
lower well and no cracking in that direction on the floor of Kilauea crater. A 
large rectangulaT block several hundred feet long lny adjacent to the chasm 
on its southeast side, itself part of wall of pit and separated from the ground 
south of it by a cre.\·asse which narrowed to a small crack in the direction of 
the south pressure ridge. This crack was ,ery deep and emittecl hot air. 

About 1 :45 p. m. an enormous general c9llapse took place inside the pit 
sencliug up reel cauliflower clouds. The same thing hacl happened about this 
time of clay on the two preceding clays, as though the claily ticlal ubsiclence 
of the lava below augmented the sliding in early afternoon. At 2:15 p . m. a 
black spot on southeast wall of 1 it broke away and allowecl a quantity of la\, a 
to pour among the talus blocks makiug n. pool 20 feet in cliametc1·. Red hot 
paste fell into this pool from time to time for several minutes. There were other 
heaYy falls especially from uorthwe t wall of pit during the followiuo- t\yo 
hours. Sei mic disturbances were still abunclai,t nnd mnny of them wer~ felt. 
At night the pit wns nearly claTk except for a flaring glow from the small 
remnant area of live lava. 

May 29. At !J, a . m. seen from Ob en-atory pit was clear with white vapor 
rising from southwest rift cha m, and a clownsunken leclge wa vi ibl e formiug a 
step in west rim of pit. Shortly after nine a spectacular aYalanche cloud shot 
up in great volume making gorgeous brown Yolutes of harcl outline rising one 
after another from the entire area of pit. 

At 4 p. m. the funnel of talus was sliding occn.sionally but large avalanches 
· ,vere infrequent. The lava pool of southeast corner was covered with talus 
but the wall rock there showed fuming chasm . outh pressme ridge was fall­
ing away in its upper parts ancl tho ground back of its western half was 
"crevassed foi- a width of 50 feet . Rim of pit elsewhere wa changecl and showecl 

,; much overhang. Cra ks alouo- north edge were very hot. Pit had enlarged 
enormously toward the west nnd au immense slab of tho wall 600 feet long by 
60 deep had slid clown form.iug a bench in the r egion north of the south west 
chasm. Back of this bench was a chasm giYing up 11ot vapor along the entire 
line. Tb e southern wall slab had clwincllecl to a narrow tabular mass which 
stood out as a tower inside of the 1Jit. The opening ·of the tunnel goTge was 110 

longer a narrow canyon, but hacl become a wicle flaring valley with two or 
three pinun.cles standing out from the :wall ancl rapidly crumbling. The area 
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,vest 0£ the pit was crevassecl for a long way back, the cracks sending up 
dense clouds of. steam. 

F ume from the pit itself "·as thin and at night the pit was dark . 

Activit y of Puna Crat ers. 
May 28. About 8 p. m. a slow swaying earthquake was generally fe lt :tt 

Kilauea. Uctl glow was obser\'cd a few minutes later i n the (lirect ion of the 
J>un:t cratern. At 11 p. m. a ilcfinite fum e cloud was seen from Uwekahuna 
Bluff, with red illumination from lava below in the direction of Makaopuhi. 

An Observatory expedition was at once organized and a party consisting 
oi T . A. ancl I. P . Jaggar and R . H . Finch went in motor car by way of Keauhou 
1·oacl to the Kalapana trail. Thence the march was on foot, first by that trail 
and then through the forest in the direction of the glowing clouds. An old aa 
flow was crossed amid small tree growth and the edge of Makaopuhi pit was 
reached at 3:20 a . m., }fay 2!>. 'fhe new eruption was inside of the deeper or 
northern half of this pit. 

Frothy semi·aa laYa had welled up back ;of the talus at the fuming cracks 
on north side of crater. Here along a straight. line about 500 feet long and 
500 feet below l'im of crnter, the spoufo1g melt at the top of t he talus had formed 
t1Yenty small cone pots giving vent to light frothy spatter which settled airily 
on the slopes below a nd bounced like spume blown by the 'IYincl. Flames were 
burning at the gas vents. From sev:_en of these vents streams wel'e trickling 
down the long talus slope in channels of their own substance from 2· to 4 feet 
wide. The material forked out below in leaf-like fo1·ms on the surface of a 
new pool 350 feet long making a new bottom to the crater. The largest vent 
near the western end of the line spouted continuously, the lava flowing out 
under a bridge of its own construction that later broke down and revealed a 
gushing sluiceway. 

Flames were bluish ancl numernus both at the Yents ancl through crevices 
iu the slope. Arouncl edges of pool the lava invacled bushes and small trees 
making yellow flames ancl some explosions. The larger stream showed some 
tendency to pahoehoc festooning. Else1Yhere the flow "·as crumbly, making 
typical aa fragments, and a line of cla1·k curdled matter was rafted down the 
middle of each stream. T he mate1·ial broke away and dripped in aa fashion . 

Tho most notable odor from the lava was a founclry smell perceived o,·er · 
a mile away. Close at hancl the smell was of sulphur dioxide and bluish smoke 
rose from the vents. Rain clouds of water vapor formed abo,,e. On the western 
edge of :llakaopuhi the steaming cracks 50 to 100 feet back from the rim seemed 
hotter than usual but this vapor was odorless. 

May 29. By daylight the fresh flow area inside Makaopuhi was blackish 
or r eddish and sho11·ecl surfaces p,ntly, pahoehoe and partly aa . Details of 
action in the flaming pots resemblccl in miniatul'e the Alika source cones of 
1!)19. Some of the vents were partially closeu and exploding, others were flam­
ing and appeared ,·cry bright inside, and more than one had its stream encased 
in a shell where bright windows re,·ealed the melt inside. 

During this day the number of open ribbons of flow dwindled and at no 
time dtuing our Yisit was the gas pressure strong. The orifices were only 
about 3 feet across and the spray was jetted only a f ew feet. The shell of cas­
cade laYa oYer the talus left a few islands of debris rc,ealed, showing that it 
was Yery thin. 

On returning toward Puu Huluhulu at 9 a. m. May 29 fresh earthquake 
cracks were obsen~ed a mile awny from }Iakaopuhi t rencling toward Kau De·sert. 
They showecl freshly broken soil and hot ,apor, one of them 8 inches across. 
'fhis crossed the Kalapana trail 3 miles south of Puu Huluhulu. 

The activity of Makaopuhi cl'IYindled during the day, three of the stl·eams 
keeping up their fl.owing. C. Stanley of the drill crew went to the bottom 
area by way of southwest wall of pit and verified the texture of semi-aa Jani 
and rough pahoehoe festoons. 
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1\Ir. M.udd of the U . '. Geoiogical Survey, in camp at K eauhou, was a t 
Makaopuhi about 9 a . m. and saw smoke in dhection of Napau crnter. H is 
party completed a trail through the jungle t o Napau from the Kalapana trail 
::..long southeast boundary of National Park. They heard the rumble of the 
eruption at some di t:rnce from t he c1·ater ancl founcl noisy thunderous spout in g 
lava at no1-thcast edge of Napau mostly alon g the wall-crack, b ut 11:utly ou 
the plat.e:iu above p it ou t hat si de. Their route went N. 2::: K to small pit ·crater 
west of Nap:w, then to . outh border of :rapa u and across bottom to t he place 
of acti vity. 

l\fuc1d by later surveys determined that another crater of :rapau type 
lying farther to the northeast had in it fr esh lava of this emption. The M aka­
opuhi erup t ion apparently came t o an end soon after these craters broke out. 

May 30. '!'be Obsen·atory staff went to N apau by way of the hluc1d trail. 
Time occupied: to Puu IIuluhulu, 45 minutes (motor); to Mudd trail 3 hours; 
trail to Napau, 2 to 4 hours by different individuals. 

'!'his track ,ms a rongh trave1·so line t hrough fern jungle full of fallen logs, 
with holes iJ1 the mat of Yegetation revealing ancient an. The small crater is 
a deep wooded pit; Napau proper is a large shallow circular saucer 150 feet 
cleep with flat floor and wood ed slopes, tho bottom partly COYered with small 
growth ancl moss. 

From the south rim a small patch of acti,·o lava ;.as v isible against north­
east wall consisting of three black cascades clown the wall, the small rough 
flow below, a field of lava at the som·ce of the cascade , and a smoking chimney 
cone against the wall north of tl:le cascades built up steeply of d1·iblet lava 100 
feet high. 

Activity had almost ceased but thor E) was abundant smoke smelling of iron 
and organic matter ancl suggesting a pork slaughter house. 

The trail led clown a steep woodec1 cliff on sou theast side of crater and ac1·oss 
the mossy bottom. A line of ancient cones was found crossing north sic1e of 
bottom nlong a rift zone trending N . 50 E . Th e same rift bad opened for tho 
p r esent eruption mnldng a fresh fissur e and talus on west side of crater, a steam­
ing vent in t he middle of th e line, the acth-e_ lnva at northeast ;.all, and an­
other steaming place in high ground a quarter mile farth er northeast. Tho olc1 
vents had made loose aa which it was necc sary to climb for a height of 10 
feet, this was covered with moss. The new f101rn worn piled on top of this old 
flow . · 

The new flow at the foot of the bluff consi tea of aa about 6 feet thick 
forming a walled area lyin"' against tho cliff 300 feet long. In front ·of this 
there were thrne pronounced lobes of pahoehoc, very hot and glowing in the 
cra cks. This flow had been f cl by the chimney cone against the bluff. South­
east of th is cone the three driblet cascades of pahoehoe hacl com e straight 
clown t ho bluff, now all frozen and black, and lc:i.cling from a source consis t ­
ing of one big cone at the eclge of t he bluff anc1 a lava field b eyond not visible 
from below. 

Messrs. Stanley and ilYer par visited this upper area and found four 
cone Yents and a laY:t area 200 yards across, larger than the area at the foot 
oi the cliff. The onl y sign of activity w~s a breathing noise fr om the lower 
smoking cone. The pnhoehoe flow was still slightly in motion as indicat ed by 
crnnching movements and snapping sounds. 

Th e night was spent in bivouac at Napau. 
May 31. Obse rvatory party left Napau at 5 :30 a . m. and reached tho 

Ob en-atory at 3 p . m. Mes rs. SilYerspar and Stanley; had retumecl the pre­
Yious clay by following the 1840 flow "·est of Napau, traveling the length of this 
flow on smooth laYa, then traversing a very bad strip of jungle by compass to 
tho south corner of llfakaopuhi crater where they emerged on the trail. 

'l'he harmonic tremo1·s which li l}d been marked during the P una ernption, 
had now n early ceased. Some earthquak es had b een felt in P anau, but not at 
Kalap:ma and not at K apoh o. ' 
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LA VA MEASUREMENTS. 

Measurements of depression (-) ancl of elevation (+) of the mobile lava 
column, made with transit , r efen ed to n o1·thcast station on rim of H alemaumau 
pit (3727 feet above sea-level), fo r tho month ending May 31, 1922, i11cludi11g 

_crng penks uf hench 111:1gma ancl me:m Jiquicl level of l:lke magma, were as 
follows: 

:i\1 ean 
Lake 
Level. 

May 2, 11 :00 a . m .. - 58 £cot 
" 12, 11 :30 a. m .. --49 " 

South 
Crag. 

+56 feet 
+73" 
+3 " 

NorLh\\'est 
Crag. 

+ 46 feet 

East 
Central 
Crag.· · 
-13 feet (Apr. 18) 
+30 " 

" 18, 10 :00 a. m .. -118 " 
" 23, 10 :00 a. lll . . -439 " 
" 25, noon ..... ... --487 
" 26, 2 :30 p. JU,. - 659 " 

-306 
-363 ,, 

-20 
- 351 
-444 

" --41 '' 
" 
" 

Progressive changes for the liquid lava were as follows : 
:\fay- 2-12, 10 days, Jake rose ... .. . 9 feet, a ,·oraging per day ... +0.9 

" 12-18, 6 " " lowered . . . 69 " " " " . .. -11.5 
" 18-26, 8 " " . . . 541 " " " " . . . ....:....57 .6 

feet. 

" 
" 

ProgressiYe fluctuation in level of south cwg was: 
:\fay 2-12, 10 clays, crag rose . . .. . . 17 feet, averaging per day . . . + 1.7 feet. 

" " . . . -11.7 " " 12-18, 6 " " lower ecl ... 70 " " 
18-25, 7 " . . . 360 " " " " ... -51.4 " 

Nor thwest crag summit subsided as follows : 
May 18-25, 7 clays, crag lowered ... . .4Z4 feet, a,·erngiug per day . . . -60.6 feet. 

Relief of peaks above lake was: 
i\Iay 2, south crag 114 ft., northwest c1·ag 104 ft ., east central crag ft . 

" 12, " 122 " " " " " 79 ,, 
' ' 18, '' 121 '' '' 98 '' '' 77 '' 
" 23, " 133 " " 8 " " " 
" 25, " 124 " " 43 " 

Details of the great subsiclencc after :May 26 were not measurable as the 
lava column disappeared in dust and talus ancl the surveying stations were 
destroyed. Th e aYernge daily ra.te of subsidence shown above a s from 51 to 
63 feet was not regular; the record of la.kc and south crag i\Iay 18-23 was about 
6:: f eet per tfay but only 26 feet por clay }fay 23-25; tho next day t he lake 
lowered 172 feet and the diminishing r elief of northwest crag shown in above 
table indicates that it was going clown faster than the lake. '.rhe next survey 
early in J uly made tho bottom of the convergent ta1us 872 feet below where 
tho old northeast stati o11 hacl been (3727-foot datum level), nncl all the la,·a 
column had long since disappeared Ull(ler clcbris heaps. May 29 the lava flow­
ing at Makaopuhi ancl N apau was at elevations 2500 aucl 2700 above sea-level; 
011 May 12 the lava flowing in H alemaumau pit had been at elc,·ation 3678. 
As the P una crntcr unquestionably drained Kilauea, i t seems 1·easonable to 
conclude that the Java column uncler Halemaumau subsided not less than one 
thousand feet. A 1·ate of 100 feet per aay from }fay 26 to :\fay 30 would 
a g ree with this conclusion, and hea,·y avalanches, occasioned by general collapse 
in center of pit, occurred throughout this period, only slightly smaller than 
those of May 26; as the measured rate of subsidence on that day had been 172 
feet before the tremendous collapse of the afternoon, a r ate of 100 feet for the 
succeeding four clays may be considered a minimum. Slower subsiclence went on 
in June as evidenced by avalanches in the pit, but the convergence of talus in 
r elation to rock fu11Uel appeared to hold a fairly constant position. Even rough 
measm·ement is difficult and dangerous under these conditions, as Yertical angles 
m·e o,·er 50 degrees and edge of pit is eYerywhere cracked ancl ove1·hanging. 
'.ro measure depth ·with such ang1es the horizontal triangulation must be precise. 
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'l'he following table shows comparati ve monthly changes of le,·el fo1· mean 
fake lava and mean cr ag lava, beginning with July, 1921, (May figures assum­
ing JOOO feet subsidence after ~Iay 12) : · 

J uly ... . ..... ... . .. ... . Liquid lava -22 feet, bench Ja,·a - 14 feet . 
August . . . . . . . . . . . . . . . . " " + 119 " " " + 118 " 
September . . . . . . . . . . . . . " +ns " + 158 " 
October . . . . . . . . . . . . . . . . " -259 " " -253 
N ovember . . . . . . . . . . . . . " -18 -21 
December . . . . . . . . . . . . . . " " +16 " " +1s 
J"anuar y . . . . . . . . . . . . . . . " " +25 " " " +29 
February . . . . . . . . . . . . . . '' +40 '' '' '' +40 '' 
March . . . . . . . . . . . . . . . . . " +92 " " " +so 
April . . . . . . . . . . . . . . . . . . " +104 " +106 
1'1ay . . . . . . . . . . . . . . . . . . '' '' -900 '' -970 '' 

SEISMOMET&IC REOO&D. 

During the month ending midnight May 31, J 9·22, 589 locnl earthqunkes 
nncl one distant shock were r egistered at the observatory. These and other 
ca1·th movements nre exhibitecl below. Distance of origin when indicated by 
the instrumental record is stated in English miles. Time is Hawaiian Standard 
of meridian 157° 30' W, 10h. 30m. slower than Greenwich. 

Local E arthquakes. AbbrcYiations ha,e meanings as follows : Vf= vcry 
feeble; £- feeble; s=slight; m=moclerate; d=instruments dismantled; fl= 
felt locally; 6=distnuce in miles. 

1fa y 
1 . G:4., p . Yf. 
3 3 :51 p. f.L\ ]2. 

3 :53 p . vf. · 
l O :20 p . vf. 

4 11 :45 a. f . 
4 :30 p. vf. 

G 8 :.10 p . vf. 
10 8 :35 a. vf. 
n 10 :17 p. vr. 
1:\ ll :42 n. f 6 3. 
17 r. :1!l a . vf. 

11 :l-! "· vf. 
:! :0:\ j l. f:, I. 
t; :~O p . vf. 
:) :4!) p. yf. 

10 :07 p. Yr. 
10 :.,t J). Yf. 
10 ::;2 j). Yf. 
11 :lO p. yf. 

18 12 :03 n. yf. 
2 :07 a . vf. 
2 :-!G a . yf. 
2 :.17 a . vf. 
2:48 a. f. 
3 :19 a . vf. 
3 :34 a. Yf. 
4 :32 a . vf. 
7 :10 n. ~-
7 :15 n . yf. 
-~ :40 a. vf . 

11 :23 a . vf. 
n :47 a. vr. 
11 :49 a. vf. 
1 :12 J) . Yf. 
1 :25 p. vf. 
1 :32 p . f. 
2 :O¾ p. ,·r. 
2 :2G p . vf. 
3 :21 p. ,·r. 
4 :20 p . f. 
4 :27 p . ,·f. 

:i :27 p. yf. 
8 :15 JJ. vf. 
8 :3j [). Yf. 
O:OG p . s 6 31/2. 

J0 :42 p . s 6 2. 
11 :30 p. f. 

10 1 :15 8 . f. 
o :H u . ,,f. 
5 :30 n. vf. 
G:H n. yf. 
:; :-!7 a. ,·r. 
G :~iG :1. vf. 
S ::;G a. f. 
!l :27 a. ,·f. 

11 :~,~ a . f. 
l2 :H p . f. 

1 :31 )). Yf. 
2 :2-! j). ~ .!l 2\~­
:1 :-I!': j). Yf. 
4 :11 j). yf. 
4 :20 p. Yf. 
·I :21 p. vf. 
4 :22 p. vf. 
4 :39 p . vf. 
5 :11 p . vf. 
5:H p . vf. 
5 :15 p . Yf. 
G:l8 p . s. 
:, :10 p. vr. 
r. ,2-t p. ,,r. 
G:30 p . vf. 
(i :4:3 p. f . 
G:47 p . vf. 
:; :48 p . vf. 
il :-10 p. s 6 3½. 
5 :54 p . vf. 
5 :58 p . vf. 
G:0-! p. f 6 31/2. 
G:25 p. s. 
G :28 p. vf. 
G : 2!) p. vf. 

G :!lG p. s 6 l l . 
G:4-l p. f. 
G :47 p . vf. 
7 :06 p . vf. 
7 :H p . s .6. 2½. 
7 :20 p. vf . • 
7 :21 p . vf. 
7 :22 p . f 6 4. 
7 :35 j). Yf. 
7 :JD p. vr. 
-~ :07 p . yf. 
-~ :O.~ j). yf. 
S :l(; p. vf. 
S :18 1>. vr. 
8 :3G p . vf. 
S ::lS p. f. 
8 ::)!) }) . s 6 3. 
!) :0:\ p. yf. 
!l:'.10 j). Yf. 
!l :40 1>. vf. 

lO :22 jl. Yf. 
10 :29 p . Yf. 
lO :39 p . yf. 
lO :41 p. vf. 
11 :4S p . f . 

20 12 :09 3. Yf. 
12 :20 a. vf. 
12 :33 a . ,-r. 
1 :-13 3 . Yf. 
2 :49 ::t. yf_ 
2 :;;! u. ,-r. 
,1 :32 a . vf. 
5 :26 a . vf. 
7 :Ol a. vf. 
8 :55 a . s 6 4½. 
8 :59 n. s 6 4½. 
!l:13 a. m 64½. 

10 :H a. yf. 
12 :59 p. vf. 
1 :48 p . vf. 
2 :30 p. yf_ 
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~lay )Iar May 
4:53 [). Yf. !):02 [). vf. G:;;s p. ,·r. 
-I :54 p. vf. 9:27 p. vr. !):0!) p. f. 
ij ·?? p . vf. 9:39 p . vf. !l:IO J). s ti 4. 
5:27 p . vf. 11 :lG J). Yf. !):42 J). s . 
5 :37 J). st, 4½. 11 :-!G J). Yf. 9 :4-! J).S. 
7 :10 J). s. 22 12 :18 a. ft, 4½. 9:41i Jl· s. 
7:12 J). vf. 12:57 a. vf. !):-17 J). s. 
7:13 p . s. 2:39 ::t. Yf. 9 :50 p. s. 
7:14 p. vf. 2:4:i ::t. vf. !)::j-1 p. s. 
7 :16 p . vf. 2 :58 a. vf. 9 :tiS p. lll.· 
7:17 p. s. 3:34 a. vf. 10:0;; p . vf. 
7 :18 [). s. 4:02 a. f. 10:06 j). f. 
7:19 p. s. 4 :3-1 a. f. 10:08 p . s. 
7:20 p. In. d. 6:39 a. vf. 10:10 p . r. 
7 :23 j). f. 7 :20 a . vf. 10:14 p. vf. 
7:26 p. s. 9:38 a . vf. 10 :l:i p. s . 
7:30 p. s. 9:54 a. s. 10:17 p. ,·f. 
7:31 j). f . 10:rn ::t. vf. 10:22 p. ~- .. 
7:38 p . f . 11:58 ::t. vf. 10:24 p . f. 
7:39 p. f. 12 :13 p. vf. 10:27 p. f. 
7:.j2 p . s. 2:2S p. s 6. G. 10:32 p. ,·r. 
7:43 p. s . 2 :43 p. f. 10 :53 p. f. 
i:-18 p. f. 3:1:i p. yf. 11:11 J). f. • 7:-19 p. f. 4:31 [). f. 2.j 1~ :09 a. f. 
7::,1 ]}. s. • 4::;:~ p . Ill. (1. 12 :43 fl. m. 
7:.j2 [) . s. 1; :20 J}. f. J::! ::-,J n. ::-i. 
7 :fi:l J). HJ. cl. ;:; :3G Jl. s ti G½. ~:00 a. 111. 
7:57 p. f. G:00 p. f. 2 :0S :1. f. 
7 ::i!) J). f. 7:37 ]). Yf. 4:4G a f. 
8 :00 J). f. 8 :32 p. st,. 9½. 5:09 a. f. 
8 :02 J) . f. 8 :38 p. f. G:15 II. vf. 
8:07 p. f. 8 :45 p. S 6.01/2. ij:41 a. s 6. 0. 
8:11 p . s. !):24 p. s Ll. ti½. 5 :54 a. f. 
8:12 p . s. 0:26 J). s Ll. 9. G:04 a. vf. 
8 :18 p . s. 9:37 p . f. G:07.a. s. 
8:10 p. f. 10 :12 p . f . {i:Hi "· UL cl Ll. 10. 
8 :27 ]). s. 10 :15 p. vf. 8:24 a. vf. 
8:28 p. f. 10:23 J) . vf. 8 :2G a. vt. 
8 :21) J). f. 10:24 j). m. u. 8 :3! a . f. 
S::n ]). s . JO::I!l Jl. s. H:02 a. s Ll. 9. 
8 ::H p. r. 11:0(i j}. s. !l:11 a. f. 8 :4() p. f. 11 :2(1 ]). s. 9:30 a vf. 
S :~!) j}. ~- 11 :~1 j}. ~- !) :a;} a. vf. 
S :J3 p. s . ll:3J j). f. (l:H a. yf. 
!l:01. p. i-:. 2:; ]~ :-19 :1. r. !):!i;; a. f. 
!) :00 J}. f. ] ::;+ a. r. !):.j-l a. f. 9:32 ]). f. 1 :39 n. f. 11 :aJ a. yf. 
!) :3;; ]). s. 2:H n. f . ]2:15 Jl. vf. 

10:04 p. f. G :1!) n. f. 12 :un j}. Yf. 
10:0J p. f. !):10 a. ,·f. 1:28 p. vf. 
10 :-11 p . f . !):ij!) a vf. 3 :0G p . vf. 
10:H ]). s. 2 :J-J ]). vf. ~:OS j}. Yf. 
JO :54 p. s . 4:0:; p. Yf. ;} :34 ]}. vf. 
ll :18 ]). s . 8 :l!l Jl. s. 3 :-11 p. Yf. 
11 :-1.8 ]). $ . S:-1.1-l ]). yf. ~; :.)!) JJ. Yf. 21 3:23 a. s. 10:18 Jl. f. 4:27 p. Yf. 
8 :56 a. Yf. 10:40 p. r. •! :37 p . vf. 
(1 :50 a. Yf. 10:25 p. Yf. ·1 :45 JJ. vf. 
!):58 a. Yf. 24 12 :45 n. y(. 4:51 ]). Yf. 

10:13 a. Ill Ll.10. 2 :-17 a. s Ll. G. -1.:ii-3 p. vf. 
10:50 a. f . 12:26 p. sll.H. 5:03 p. Yf. 
10 :5.S a. f. 12:-1.6 ]). yf. G:07 ]). f. . 
11 :o;; a. f. 1:H Jl- Yf. ():30 p. \'f. 11:2(; a. Yf. 1 :2G p. Yf. G:-1.1 p . vf. 
12 :20 p. s ti 10. 3:11 p. ,f. 7:2"2 ]). vf. 
12 :2(1 p.f. :-1:!-l!) p. -.r. 7:54 p. vf. 

5 :07 p. f. 4:17 p . s. !):17 p. Yf. 
6:32 p. vf. J:45 p. f .. 0 :26 ]). Yf. 
7:06 j}. vf. G:1.3 p. f. 9:30 p . cl. In. 
7 :10 J). vf. G:3i p. vr. 9:58 p. Yf. 
8 :2!) p . Yf. G:4::i ]). f. 10:13 j}. vf. 
8 :33 J}. f. G:48 p. vf. 10:2::i J). Yf. 
8:40 j). vf. G::i-1. p. ,·r. 10:41 J). Ill Ll. 0. 
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)lay 
11 :J 3 p, Yf. 
11 :2! p. cl. ill Li 0. 
11:,26 p . ill. 
11 :43 p. ill . Li 11. 

2G 12 :06 a. vf. 
12:57 ::t. Yf. 

1 :13 (l . Yf, 
2 :28 a. f. 
3 :41 a . Yf, 
4 :14 n. vf. 
4 :16 a. ,,f. 
•i:20 a. vf. 
6:03 a. vf. 
6 :46 a. vf. 
6 :51 a. vf. 
G:52 a. vf. 
G:54 a. r. 
7 :59 a. vf. 
8 :21 a. vf. 
9:02 a. s Li O. 
9 :23 a. vf. 
0:24 a. f. 
0 :40 a. f. 
!) :43 n. vf. 
!) :44 n. vr. 

10 :22 a. vf. 
10:2G :1. vf. 
JO:?:. a. vf. 
JO :-1-0 a. Yf. 
10 :57 a. s. 
11:11 a. f. 
11 :19 a . vf. 
J1 :26 a. vf. 
12 :20 p. Yf. 
12 :33 p. vf. 
l 2 :40 p. ,,f. 
12 :47 I . f. 
12 :5-1 p. vf. 

1 :~0 p. vf. 
J :-H'l p. vf. 
l :-17 p. Yf. 
1 :-IS 11. vf. 
1 :-IV p. vr. 
l :.iO p. vf. 
J :.,1 p. vr. 
1:G2 p. vf. 
J :5~ p. yf. 
1 :.j+ ]). yf. 
1 :57 p. r. 
1:5!) p. f. 
2 :30 ]). vf. 
2::i5 p. d. 
'.! :40 J). yf_ 
2 :44 ]). Yf. 
3 :01 JJ . vf. 
:i :10 p. Yf. 
3:19 p . L 
3 :40 p . vf. 
3 :43 p. s . 
4:24p.f. 
5 :00 p. vf. 
5 :10 p. s Li G. 
G:01 ·p. f . 
(j :00 J) . yf. 
G:33 p. f . 
6:50 p. vf. 
G:51 p. vf. 
6:54 p. vf. 
6:57 p. n. 
7:09 p. vf. 
7:11 p. Yf. 
7 :l!l p. vf. 
7 :20 p. vf. 
7 :24 p. Yf, 

Nay 
• :OD p . Yf. 
8 :10 p. vf. 
8 :37 p. s. 
8:43 p . vf. 

:57 p. vf. 
0:14 p. f. 
9 :18 p. vf. 
9 :20 p . ,f. 
9:21 p . s. 
9:38 p. s. 
9 :50 p. vf. 

10 :14 p. f . 
10 :23 p. vf. 
10 :30 p . vf. 
10 :39 p . f. 
10:55 p. s Li 9. 

-10 :58 p. vf. 
10:59 p . vf. 
11 :OS p. vf. 
11 :3G p. f. 
11:51 p. vf. 

27 12 :01 a. vf. 
1 :52 a. vf. 
2 :14 a. f. 
2 :21 a. f. 
:..:24 a. f. 
2 ::w a. vf. 
2:36 :1. f . 
2 :42 a. vf. 
2 :56 a. vf. 
2:57 a. f . 
3 :07 a . vf. 
3 :14 a . vf. 
3 :36 a. vf. 
3 :43 n. vf. 
3 :48 a . vf. 
3 :50 a. vf. 
3:58 a. f. 
4 :03 a . vf. 
4 :On n. vr. 
,1 :10 n. r. 
~ :11 a. r. 
4:12 n. f. 
4 :n a. f. 
4:17 n. vf. 
4 :20 a. vf. 
-I :21 a. vf. 
4 :3G a. ,f. 
4 :53 a. vf. 
4 :56 a. f. 
5 :01 a . ,f. 
,, :OG a .. vf. 
5 :31 a . vf. 
5 :43 a. s. Li £. 
ii ::il a. Yf. 
r, :54 a. s. Li ti. 
fi :5G a. vf. 
5 :58 a. vf. 
C :01 a. vr .. 
G :10 a . vf. 
G :32 a. vf. 
6:45 a. vf. 
7 :J5 a. ,"l'f, 
l :09 ]). f. 
1 :13 p. vf. 
1 :30 p. vf. 
1 :35 p . f. 
1:40 p. vf. 
l:45p . f. 
2 :24 p. vf. 
2 :30 p. vf. 
2 :36 p. vf. 
4 :36 p. f. 
5 :32 p . vf. 

5 :54 p. f. 
G:23 p. vf. 
G :37 p. f. 
6 :30 p. vf. 
6 :44 p. vf. 
G:45 p . vf. 
£ :,Hl p. f. 
G :n p . f . 
G:48 p. f. 
6 :40 p. s. d. 
(l :51 p. f. 
6:52 p . $. 
G:54 p. ill . cl. 
7 :04 p . vf. 
7 :06 p. f. 
7 :10 p. vf. 
7 :11 p. f. 
7:2G p. f. z :~6 p. f. 
I :;:,8 1). S. 
8 :00 p. f . 

:04 p. m . d. Li 5. 
8 :27 p. vf. 

:35 11. yf. 
8 :-!4 p. vf. 
S :50 p. f. 
f>:3,:; p. vf. 

10:01. p . vf. 
10 :31 (). s . 
10:u, p. vr. 
11 :11 p . ~. Li 6. 
11 :26 p . f. 
11:H p. vf. 
11 :48 p. vf. 
11 :40 p. vf. 
11:50 p . vf. 

28 12:58 a. f. 
1 :54 n. vf. 
{i :04 n. vf. • 
r. :n a. vf. 
(i :2G n. vf. 
fi :50 fl. \ 7 f, 
7 :.)ft :l. ~ - tl ti. 
o :02 n. s. Li JO. 
!l :11 n. f. 
!l :37 a . vf. 

11 :33 a. vf. 
11 ::\0 a. f. 
12 :5-t p. vr. 

1 :,I!) p. ,·f. 
1 :51 ]). ,f. 
1 :5, p. vf. 
2 :47 p. Yf. 
2 :40 p . Yf. 
2 :i'i3 p. vf. 
2 :55 p. f . 
2 :56 p. vf. 
2:50 ]) . Yf. 
3 :01 p. ,f. 
3 :24 () . yf. 
3 :36 p. f. 
3 :30 p. f. 
3 :40 p . JU.cl. Li 11. 
4:24 J) . ' Yf. 
r; :2+ p . yf_ 
G :42 p . s. 
ti :45 p . vf. 
7 :07 p. vf. 
7 :10 p . s. 
7 :3() p . vf. 
7:45 p. vf. 
7:i;i7 p. d. m . 

11 :17 p. vf. 
11 :40 p . vf. 
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20 1:. :1 a. vf. 
1:30 a. vf. 
2 :52 a. vf. 
7 :04 a. , ,f. 
7:27a . f. 
7 :33 a. vf. 
7 :59 a. vI. 
S :53 a. f . 

12:20 p . f. 
12 :34 p. vf. 

2 :4 p . f. 
5 :05 p. f . 
V :03 p. vf. 
0 :30 p. f. 

9:36 I). Yf. 
30 2 :01 a. yf. 

2 :03 a. f. 
12 :-!6 p . Yf. 

2:35 p. vf. 
11 :10 p. vf. 
11 :51 p, f. ~2 3/2 . 

31 3 :23 ii. vf. 
3 :2-! a. vr. 
4 :06 a. vf. 
5 :54 a. vf. 

10 :34 a. vf. 
10:37 a. vt. 
10 :57 a. vf. 

) Iar 
12 :21 p. f. 
3:lOp.f. 
5 :55 p . yf. 
{i:51 p. vf. 
S:49p. vf. 
S :5!) p. yf_ 
n :12 p. vf. 

10 :23 p . vf. 
11:23 p . vf. 
11:32 p . s. 
11 :40 p . vf. 
11:55 p . Yf. 
11:57 p . vr. 
11 :-9 p. Yf. 

All of the moderate earthquakes and mo t of tl1e slight ,vere felt locally. 
'X'eleseism. 

May 11, 11:00 p.m. light. 
Spasmodic Mierotremor. 

'l'his type of tremor by week beginning _.\pril 29 was TCgi teretl a follows: 
April 29-May 5 Moderate. 
May 6-12.. ... light. 
'' 13-19. . . . . Slight. 
" 20-26. . . . . light. 
" 27-Juue 2. Moderate increasing to strong on 2nc1 . 

H armonic Microtremor. 
This type of tremor was registered as follows: 
April 29-May 5 , 'light. 
May 6-12 . . . .. Very slight. 

" 13-19 . . . . . Slight. 
" 20-26. . . . . Slight to 1nocleratc . 
'' 27-June 2. 1\focleratc to strong. 

Tilting of the Ground 
By weeks this movement was as follows, expressed as angular change and 

direction of motion of the plumb-line : 
April 29-1-fay 5 ;J.1 scco11cls NE. 
nfay 6-)2 ... .. lJ) S\V. 
'' 13-19. . . . . 4.1 NN IE. 
" 20-26..... 5.6 " ,' i=JW. 
" 27-June 2. 11. ·1 " ''W. 

GO 

'l'. A . . JAGG R, 
Volcanologist. 
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Black spot shows location of Observatory. 

All exchanges should be addressed to linntly colored lava slopes, has a summit crnter S 
miles long by l ½ miles wide, with walls 700 feet 
high, nnd when in action fountains of fire f roth nre 
here jetted ~00 feet into t.110 air. Every five or ten 
years splenchd spectacles of lava eruption are staged 
on the mountain, sometimes from the lower flnnks. 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P. O., Hawaii. 

The Observatory is equipped with the following 
•eismometric instruments rebuilt at lhe station in 
l 9 18 for the special needs of volcano r esearch: t,vo 
l3osob-Omori pendulu ms, h igh-speed r egistration of 
local earthquakes; one optically recording seismo­
graph for distant earthquakes; one cli nograph register· 
iug E-W til ting of the ground . A vertical component 
.eismogra.pb was in December, 1918, set up in ex· 
perimental operntion. These are ::.:ented on concrete 
piers in a closed basement room having practically 
constant temperature, beneath the chief Observatorv 
building near the hotel. Time is r eferred to a rated 
chronometer, checked at intervals by wireless signal 
from the l'enrl Harbor Naval Station. 'l'he chrono­
m~ter is loaned by the University of Hawaii. Ha· 
"aiian standard time (H, S, T . ) is 10 hrs. 30 min. 
slower thnn Greenwich time. Observatory Lat. 19° 
25 ' 54.2" N.; Long. 155° 15' 39 .2" W.; Elevation 
1214.6 meters (3985 feet) . 

HAWAII NATIONAL PARK. 

T his park was created by net of Congress August 
1, 1916, nnd includes three famous volcanoes--Kilauen 
nnd :Mauna Loa on Hawaii and Haleakala on Mani. 
Frequent passenger steamers ply between these islands 
and Honolulu. 

Haleakala Section-Haleakala, "house built by the 
sun. ' ' a. peak more than 1 0,000 feet high, carr ies an 
i~mense_ fissure-like crater 8 ~iles long and 3 miles 
'l\"1de, with walls 2000 feet high. Here, as well as 
on llnnna Loa and Manna Kea, grows the Silver 
Sword (Argyroxipbium). ThirtePn volcanic cones lie 
w~olly within the ~rater. some Tising nearly to the 
height of the summ1t. The scene at sunrise is mar• 
velnus)y beauti ful. 

Wniluku is the point of departure, automobiles tak· 
ing the tra"<eler lo Olinda, a summer r esidence set­
tlement 4043 feet lrigb . After 2 hours drive to this 
point. saddle horses are taken to the summit a ride 
of 3 ½ hours. Here is a fine concrete rest house, 
b~ ilt _by the citizens of Maui, and fully equipped 
with iron beds, b lankets, stoves and cooking utensils. 

Manna Loa Section-Manna Loa, a vast d ome 
I 3.675 feet high, reached through forests of Ha· 
,vniion maborany (koa) and tree fern, then up bril· 

There are trnil"s on the Konn side, and also from 
the southwest, but the usual and best route is with 
sacldle mules from the Kilauea section to Puu Ula· 
ula (9800 feet), a ride of six hours. Here there 
is n f ull _v equipped cottage with stables nnd water 
supply. From this point on the second day a four­
hour ride takes tbe v is itor to the summit crnter 
where there is water . A right of way within the park 
connects Kilauea with Manna Loa, where eventually 
a road will be constn1cted. Tb e views are gloriouS 
and the chasms, cones and contorted lavas indescrib­
ably chaotic. 

_KHauea Section-The lakes of foaming fiery lnva 
w,thm the crater of Kilnuen form the most spec­
tacular exhibit in the Hawaii National Park if not 
in the world. The pit of fire, Hnlemaumau i~ inside 
of the mnin crnte1·, at the apex of a brond flat inner 
cone. . Kilauea is a dome volcano 4000' feet high, 
overrJC!den by the lava slopes of Manna Loa on the 
wo~t. !SO that it seems but a spur of the greater, and 
perhaps younger, slag-heap mountain. 

The Kilauea Park and the inner pit itself. are 
both rcnrhed directl:c by automobile from Hilo tho 
second city of the Territory of Hawaii. and 'there 
are excellent hotel accommndation s. The distance 
from Hilo is 30 miles. Within the park there are 
15 miles of roads and nbout 20 miles of i1:nils. As 
shown on the map, there are a dozen ancient p its 

\\.·1t.111n the area of the park, as well as cones, caverns 
and hot solfataras and a strange desert where lava 
flo ws have po"!'red out of cracks as recently as 1920. 

T he l!ve pit or Halemaumau is easily accessible 
and not, dangerous. Frequently one can walk to the 
actnal edge of t he splashing, foulltaining Java Jakes 
the lava _column risi?g. an~ falling from year to yea; 
sn that its most d1stmct1ve character is ceaseless 
change. At night the spectacle is full of marvelous 
color, nnd the region is a paradise for artists photoP• 
rnphers and naturalists. ' 0 

The several sections ore under the control' of the 
Nationa l Park Service of the Department of the In· 
terior. The United States ,Veother B"ureau main­
tains the Hawaiian Volcano Observatory which 
stands on. the brinx or the greater crat~; within 
the Kilauea Park. 
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PROGR · · OF BORI G EXPERlliE T . 

YOL ANIC CO ffiITIO~ ' IN JUNE. 

Activity of Halemaumau . 

Discuss ion of pccinl feature . 
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PROGRESS OF BORING EXPERIMENTS. 

No. 6 

Boring in June 1922, co ntinued with impact drill as before. A limit of 
5P. feet of clepth wa set for Hole Ko. 2 at ' t1lphur Bank and thi wa reached 
Ju110 ]2. Mr. Hobart, t he coutrnctor, theri r eturned to Honol ulu, leaving bis 
crew at work aud field operations w re thereafte1· in charge of Mr. J aggar , 
a ided by Driller J . 'Waikoloa. The assistant· were R. Kaili C. tanley (r igger), 
and R. Ingalls. The r maincle r of J un was spent in roadm aking, hauling and 
~tarting H~lc No. 3 on tho pahochoe laYa floor of Kilauea rater, 3000 feet 
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southeast of center, about 0.9 mile east from Halemaumau. 'l'he rough track 
huilt for hauling water and machinery to thi point left the H-alemaumau road 
at the gravel flat a mil_e west of Keanakakoi, fo ll owed edge of uravel thence 
east fo r a half-mile, then turned north o,·cr fiat p::thoehoe for 0.4 mile. 

Hole No. 2 
Drilling at this steaming hole gave trouble, and five day out of ten spent 

in finishing t he job were without downwai·d progress. At 20 feet depth, the 
hole was casQd ancl the b it reduced from inches to 7 inche diameter. H ero 
under-reaming was necessary to lower the casing. Heating and tempering the 
st.eel failed at the field forge, and bits were ent to blacksmith at Mountain 
Viow, t hanks to cooperation of Olaa Sugar ompany. The steel tended to 
flake off. At 42 feet c].e-pth, string of tools was "·edged by infalling rock 
frag-ment, springing cam-shaft and breaking a gea r wheel. RecoYeriug tools 
used up three days. At this dept h longer en ing "·as in tnlled which at fir. t 
&hut off much of the steam. Sulphides appeorcd to be decreasing. The bit 
was reduced to 6 inches diamete-r. At 43 feet depth, steam cle,·eloped again. 
AL 50 feet depth, all ludge and water di appeared in an ca t-wc ·t crack 
across bottom of hol<'l . 

The temperatme of steam po ibly incTease,l from 96° minus to 96° plus 
iu going down to 50 feet depth , but maximum thermometer i not trustworthy 
to fractions of a degree. The hole when fu1ished was casecl with 7-inch iron 
pipe 6 feet long set in concrete so as to protnido a few inches above ground, 
ancl covered with a screw cap. I n a few weeks tho inner surfaces of tho 
iron wm·e black w it h sulphide; and free sulphur crystals formed a yell ow 
zone upward from the level wher e atmospheric chilling causecl condensation 
on interior of pipe and cap. , ~rhencver ca1 was r emo,·ed steam rose under 
some pres ure, smelling of spicy sulphur ancl sulphurous acid gas, :ind nucleat­
ing to thick vapor if subjected t o contact with a smouldering brand such as 
bu rning rope or cigar. Hole No. 1, 22 feet deep, produced the ame phenomena. 
At either hole if a colcl steel bar was insertecl in steam column, water ccn­
c1ensed off bar in a steady stream. Wh en drill tool ""·ere ,,-edged in hole 42 
feet clown, a jet of cold water from hose allowed t o fall on the tools made a 
bubbling m mble as though the water boiled 011 contact with the iron. 

·Consumption of wateT in June on Hole X o. 2 ~~a 1 .6 gallons per foot. 
Drilling record was as follows : 

Ma- H ours P rog- Water 
Date r.h ine other ress Depth haul ed Notes. 
l!:122 J1ours wo rk (feet) (feet) (gals.) 

J une 1 5 3 0 20.1 uder- reamiug easing. 
2 6 2 6.0 26.1 1.15 Finished rea:ming. 
3 6 0 . 9 35.0 190 Judge lost at depth 30-34 . 
5 0 5 0 35.0 Dressing tools. 
6 4 4 7.0 42.0 95 Tools stuck; machine b roken. 
7 0 0 42.0 Repair . 
8 0 8 0 42.0 Fishing for tool . 
9 5 3 0 42.0 50 Recoverecl tools . 

10 6 0 2.5 44_;; 100 Set casing. 
12 4.5 3.5 5.5 50.0 25 Finish 1 :30 p.m. Sludge lo t. 

Average drill ing in rock for th.is period wa 0.82 foot per machine hour and 
d rill operation was 3.65 machine hours per clay. Footage anragecl 2.99 feet per 
day. 
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Temperature of ·Hole No. 2. 
Temperatu re mea urement of Hole No. 2 \Yith maximum Centigrade ther-

mometer was as follows : 

1922 Depth Air Botton 
Date and Time (feet) Tempera- T ell!perature Note. 

ture 

ent. Fahr Cent. Fahr. 
May 26, 8 a.m . 6 16° 61° 5:J .3° )2 0 ulphurous earthy bottom. 
June 1, 10 n.m. 19 16° 61 ° 96.2° 205°+ Ho le 20.1 feet deep . 

3, 8 a.m. 26 15° 59° r ,· 203° Exposure in mud . D. ~ 

96.0° 205° Exposme in steam . 
5, 9 a.m. 35 16° 61° 96.3 ° 205.5° Thermometer cased in pipe. 

!Hi.3° 205.5° " " " " 
\)6.0 ° :?05- 0 Bare bulb in mud . 

6, noon . . 20, 19.5° 67° !l6.3° ~03.5° Top of tools in hole. 
Hole 42 feet deep . 

10, 8 a .m. 40+ )80 6..i • 96.3 ° 205.5 ° After lifting tools. 
11, 10 a.rn . 4±.5 1 _50 65° 97 .0° 20(i.5 ° Rea 1iug at mom nt of lcaY-

ing ten m. 
12, 11 a.m . 49 1 0 6-!0 9,.0° 206.5° Re:Hling in steam. 

96.0 ° 205- G " outside steam after 
shrinkage. 

A ir temperatures are taken from therrnograph at OhserYatory. Prior to 
J u ne 5 month of wel l \Y:l , cov;_,1· cl with sneki11 g during expo ure of thermo· 
meter ; thereafter it "·as left open. Ail rcaclings were ll'ith same thermometer . 
Lo wering and ra ising t hcn11 on1cter was done ns rapidly a possible ·without 
j nning. Ten minute exposure wa · t1 ·eel at first, but fh-e 1n i11utr were found 
1o be more than sufficient. R<'arling were mafo after withcha,dng thermo­
meter f rom t he well. On June 5 thennometer ,-ea thrust in one of the stenm­
ing holes li ne(l with prism of sulp hur at ul1)hur Bank; whil e i u hole the 
rradi ng was 96°; after cooling t hermometer in bucket of \\·nter the reaLling 
wa 95.5°. Ordinnrily tho oh en- eel shr inkage of mercury in air was 0.2°. Ther­
mometer immerser! in mu rl of sump June 3 an cl 5 o-ave lower readings than 
when exposed in t he st eam; in both ra e no fresh water hail been put i n well 
ince the p rev ious day; 11111 (1 011 I nlb i nsulated inst rn meut duri ng raising; hence 

th e mud rending was p r obn hly nenr t he true tempcrntme of 1 ottom nt depths 
26 to 35 feet . Th e mea n of t hese two r earlin gs was 95.6° ; the mean of read­
ings similarly macle (after slll' ink age of mer cury) fo r depths 40 to 49 feet was 
96.2°, and it was here that cold water on hot iron made an explosive r umbling . 
It will be p1·ofi table to bore this hole cleeper ancl fi nd out whether the tempera­
tu r e r ea lly rises. Evi dence so fa r merely indicates that 96° is a constant fo r 
f rom 10 to 50 feet of rl eptl1 at 'ulph ur B:111k . If th ternpeTnture were t o 
lower with depth, n1axin111m thermome1C'1· would he 11 el!'ss for its mcnsure­
men t. 
Temperature of Kilauea Floor. 

Cracks in a lava mound near Site No . 3 were Ya_pol'in g at temperatu re 55° 
Cent. The grou nd where Hole No . 3 was s a r tecl 1s smooth lan1 on a flat ­
topped spur of the Kilauea inner dome, dating pre ·u nrnbly from the over­
fl ows of 1894, a ncl not hot, though wa nn cracks occur hero as everywhere iu 
t he crater. 

A tempera tu re sun·cy made in tl1e spring of 1912 in and near Kilauea 
u ·ater resultecl as follows, thermomete r being thrust in so-called ' ' steam 
eracks. '' 'l'he larger Tacks are cooler than t he smaller ones. The cracks com· 
rn only tested in t his smTey wore from 1 to 3 inc hes wicle and perm itting· down ­
warcl in ertions of thermometer from 1 to 3 feet. Si nce 1912, floo r of Kilauea 
rrnter has b('en over fl oweil with fresh lava in many places, so thnt temperflture 
rlist rihntion is omewhat diffe rent now. Table i arrang d in or de r of maximum 
tmnperatu res. The maxima are the hotter crack s, and the minima the cooler 
crack s fo r each district. The t im e was F ebruary 29 to Mar ch 4, 1912. 
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Temperature Survey Kilauea, 1912. 

Districts. 

Vicinity of Hal maumau . .. . . .. ... . 
Sulphur Bank .. .................. . 
South margin near Keanakakoi .... . 
Northern floor Kilauea ....... ... . . 
Eastern floor Kilauea . . . .. . .... .. . . 
Northeast floor Kilauea ... . . .. ... . 
Steam flats west of Volcano House . 
South central floor Kilauea . . · .. .... . 
North edge Kilauea .... .. ........ . 
Observatory grounds ... .. .. . ..... . 

Number of 
measure­

meuts. 

6 
6 
7 

11 
7 
5 

13 
2 
2 
2 

Maxima 
Cent. Fahr. 

145.5 29-! 
1.5.5 204 
94.5 202 
89.0 J92 
84.0 1 3 
81.7 179 
80 .5 177 
73 .3 164 
70.0 158 
59.0 138 

Minima 
Cent. Fahr. 

64.0 147 
66.0 151 
43.4 110 
36.7 98 
39.0 102 
57. 136 
47.8 118 
66.6 152 
55.0 131 
25.5 78 

This table does not include tho Postal Rift northeast of Halomaumau 
which maintained a temperature about 320° C. (608 ° F.) for many years and 
still asserts its presence as a superheated solfatarie vent through the lava 
rovoring of 1919. 
Hole No. 3. 

Journal of road grading, hauling and assembling rig June 13-27 in prepara­
tion for Hol e No. 3 follows: 

1922 
June 13-15, 

15, 
16, 
17, 

Stowed tools and graded road southeast border Kilauea. 
Cemented Hole No . 2 and hauled 15 gallons water to Site No. 3. 
Hauled clrill and engi ne to graYel flat . 
Hauled drill to ite No. 3 and bits to Mountain View for sharpen· 

ening 
19, Hauled engine and 50 gallons water to Sit e No. 3, sleds and tools to 

g ravel flat . 
20, Hauled tower, brnces and tools. 
21, Repaired motor-car. 
22, Continued hauling aurl grading bad parts of road. 
23, Finished hauling and repairs to road. 
24, Assembled drill. Tested tractor on inner laYa :field . 
26, Set up engine. Sent feed-whe el Mountain View for r epair. 
27, Hauled casing and began chilling with JO·inch bit. 

The following is the labor and drilling record for June in preparing and 
starting Hole No. 3: 

Ma- Hours Prog- Water 
Date chine othe1· ress Depth hauled Notes. 
1922 hours work (feet) (feet) '(gals.) 

--- --- --- --- ---
June 13 0 8 Grading road, etc. 

14 0 8 " '' (( 

15 0 8 15 Dismantling and f rading. 
16 0 8 " " auling. 
17 0 4 Hauling. 
19 0 8 50 " 
20 0 8 " 
21 0 8 " and repairs. 
22 0 8 " " grading. 
23 0 8 " " " 
24 0 4 " " assembling. 
26 0 8 Assembling and repairs. 
27 1 7 0.2 0.2 Hauling and drilling. 
28 7 1 1.3 1.5 95 Drilling and hauling. 
29 2 6 0.7 2.2 Bit broken at thread. 
30 0 8 0 2.2 Hauling and repairs. 



Moving rig was very ::nduous work and kept five men busy £or twelve 
days. A platform trailer wagon was built using the steel wheels and axles of 
drill machine, ancl after depositing the latter this wagon was assembled and 
hauled by motor car . Th e tractor was se1·viceable on the main road, but too 
high-geared and inflexible for the lava fields. A dump-cart was attached to 
motor-car and used pa rtly for hauling dirt in grading road. From gravel flats 
to Hole o. 3 the rough road of 0.9 mile was about two-thirds flat lava in 
its original condition, the remainder being gra leu and filled very little, but 
enough to be barely passable. This road owing to its poor quality r equired 
much patehiug, and on. the up-grade southward the hauling by motor-car was 
assisted by much pushing and occasional use of wire-rope in order to give the 
ca r traction on flat ground. Water was haul ed partly in 100-gallon iron drum 
or, wagon, partly in 50,gallou bane] mounted on rear end of car . It was stored 
at the ddll in two banels. Th e loads hauled were found to give least tro uble 
when carried on the car, as the inei-eased traction, vibration ancl difficulty in 
steering of trailers made haulage very slow ancl necessitated many stops for 
r nping. The long loads especially, such as tower timbers, gave least trouble 
when they were lashed to sides of motor-car. At gravel .flats the loose lapilli 
a re deep and t roublesome, with steep slopes ; a motor truck with wide tires was 
tried here, dug itself i n, nnd was extricated with difficulty; the special double 
wheels of motor car carried heavy loads easily over this material and the plane­
tary low gear and flexible springs greatly facilitated driving in otherwise im­
pc,ssible rocky country. A water-ta11k of 2000 gallons capacity, formerly on 
the Manna Loa trail, was set up at cantonier's hut near the Bench Mark south 
of Byron's Ledge, and this water will eventually be available fo r boring 
experiments in crater. 
SJ1ot Core Drill. 

Wh at is kno\\"n as a Davis Calyx Drill, model BF4, made about 1912, was 
purcha eel from the Hutchinson Sugar Plantation Company at Honuapo, Ha­
waii. This machine i equipped to bore a 4-i-nch hole to a depth of 1000 feet 
t:ikiug a core about 3.25 inches diameter. The bit is a slotted tube rotated 
on the lower encl of hollow rods so that water ancl chillecl steel shot fed down 
the rods are brought umlcr edge of tube, wl1er the shot abrades the rock to 
form an nnnuhr grooYe. The water washes away tlie cletritus, a core is left 
in the tu he, and this is eventually broken off and lifted to the smface. I n­
Y(\Htory of this outfit was checl,ed at Honuapo by Messrs . Jaggar and Hobart 
May 20. By June 1 the machine in many boxes had beeu delivered at Ob· 
scrvatory, including materials for steel tower 38 feet high, pull ey, shafti ng, 
t riplex pump, hoi t, drill head, platform, core barrels, rods, bits, couplings, tools 
and nbrasive. Durh1g June some of the drill crew were occasionally employed 
overhauling and oiling this apparatus in preparation for assembling i t in 
August. A shed h ad been built for housing it and the Olaa Sugar Company 
k indly furnished a number of ba1Tels for use in trapping extra rain water and 
arranging ettling tanks. All the water used in this country must be accumu• 
lated from roofs. 
Su=ary of June Dr illing. 

The avei·age drilling in ro ck for Jun e at Hol es Nos. 2 and 3 was 0.69 foot 
per machine hour. Owing to time con 11111ed in r cpaii-s and moving drill, opera­
tion for tho mouth averaged only 1.79 machine hour per day. Omitting the 
12 days of hauling, roacl-making and assemblirig, drill operntion was 3.32 
machine homs per day. On this last basis ( omitting days of dismantled ma­
chine) tho daily footage for 14 days of work at the bore-holes averaged 2.29 
feet per clay. The consumption of watm· per foot of drilling for the mouth 
was 22.3 gallons per foot . 

What these figures demon trate is that the cost in labor of repairs aml 
moving in a remote r egion without roa ds is grnat. At the end of June it was 
bC'ginning to be apparent that the churn drill is not au economical machine fo r 
boring shallow holes in hard basalt, though its economy of wa ter was evident. 
The tendency for the hole to go crooked, £or the string of tools to stick, fo r 
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'iapi d dnll ing of hitR, n1Hl lhP neccs ·ily for much cnsing nnrl red u ·tion m sioo 
of b its do wn ward, all m:1dc i t nppare1\t that solll e fo.rm of ro tary drilling would 
probably succeed b etter. Th e r ock s1> 'c im ens re ulting f rom eore-clrill ing a re 
m ,ces arily better for scicntifie purposes. In the work to elate samples of sludge 
were bottled and preserved nt th end of eaeb spell of drilli!lg ; sueh material 
l1owc \·cr is rnixcd and individ ual lava layers are not eparatetl. 

VOLCA NIC CONDITIONS IN JUNE. 

Activity of 'Halemaumaw. 
After t he fit' t of June th e nrnlanc hi ng in Halem::nmrnu diJi,ini shecl and 

tl,e1· w:1s left nn enormou · pi t of o\·nl form 2,000 feet long southwest-north· 
r• ast and :t ,500 feet wide . The bottom was a V-shaped meeting of two main 
talus slopes, th e bigger on the sout hw C'st and t he mailer north east, both occa­
sioned by inajor caYing in along t he 1920 rift line. Depth of pit was over 850 
feet aucl l'im of p it 'Na everywhern lower tha n it had been by fr om 11 to 31 
fret . On the western si de of the pit everything hacl fallen in for 500 feet 
back carrying away the t wo 1·ift well.~ ancl all the old lanclmarks. Away down 
tlic inside walls of pit ther e " ·er e dyk es or fissure fillings of Java, aud the rock 
of lower walls was notably em·thy, oxidi-:e l and stained with sol fataric salts. 
No puffing of ga. coulc1 be heard aucl there wa 110 further actiYity in the 
I' una craters. , 

Th e second week of the month showed stationary conditions, the tremors 
r,ml ear thquakes which had accompanied the recent subsidence died away and 
tJ1e volcano entered upon a repose period similar t o the one which lnst oecurred 
in 191 3. It differed from thnt, however, iu th e notable absence of smoke. 

Halemau ma u hnd be OmC' n profound fu nnel with convergent slopes of red· 
di sh debr is on its bottom. A long ledge trending north and south protruded 
from th e lower part of the southeasten1 wall, and the outhern wall west of 
t.his ledge was niched in :rn m·c by exce ·sivc avahni ching nt th at point, just 
o\·er wh e1·e the buried lnnt column was Inst seen. This wall was especially 
ecarthy and decornposecl in its lower layer . Smoke rose from fissur es on the 
steep western side of the lerlge mentione<1, ancl th er e 1ras also moke in th\l 
no tch or chasm of t he Knn Tift tunnel southwe t . 

By the micl cllc of the month Kilauea ancl Manna Loa appea red coµ1pl et ely 
dormant, the only signs of underground heat being olfataric activi ty in t he 
fl oors and around th e margins of the craters. The most ii\teresting icle of 
Hnl eurnumau wa · the southwe t corner where a buttressed pmnacle stood out 
1 1·0111 the wall, . ulphurnus smoke rose from the chasm where the lower rift 
\Y ell had been, ant1 a crescent of t he Tim had subsided to make a sunken iuncr 
be nch. The fume was so slicrht th at from this corner the whol e \·ast interior 
was ca ily seen at a fla t angle. 

Ab9ut t he solstice t here were no table avnlnnch e of debris, these some­
times ··enrling up clust clo ntls u{1icient to make showers of rock powder on 
U wekahuua bluff. 

On the nor t h sicle of th e bottom area of H alemaumau there "as a smooth 
r ound et1 wall consisting of a J:iya veneer left by the column of molten tuff 
that bacl subsided . 

AYalanches during lnte afternoon June 19 were coincident with three small 
c:nthqnak es that ma y have set the clebri s in mo tion. Air above the pit was 
dusty for se\·eral hours. In the cal m ,1·eather 1·ock falls at Halem aumau were 
h em·d two miles away in evening J une 23, and again repeatedly during the 
nex t two tl ays. L arge dust cloucls rose at 9 a . m . June 25 a nd wer e repeated 
:11 inter vals for a half hour. The effect of the avalanching was to cany away 
portions of rim south an cl enst and t o create dangerous cracks there. Sligh t 
fume rose from three places inside t he pit. 
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F ig . 7. Churn d rill at Hole No. :', Sulphur Bunk. Photo 
Hobm-t. 



. . 

Fig. Motor car with doubl wheels nlHl special gem· hauling 
d1·ill near Hole No._ 3, Kilauea ·rater. Photo .1aggnr. 

Fig. 9. May 30, 1922, laY:i. outbre:ik noi-thca idc Napau er:itPr, 
showi ,tg smokin" co ne and lava ca cadcs on cl iff. Photo .Jaggar. 



/ 

Discussion of Special Features. 
Th e Puna eruptions manifested unde rgrou nd drainage of Haicmaumau at 

the end of the eruptive cycle that began 1911!. o such eruptions on· the Puna 
rift of Kilauea had occuncd since 1840. There was, however, activity at Ki-
1...uea lid 186 and at Keanakakoi 1877. There have been a number of features 
of the intense Hawaiian volcanic activity of the last four year · to l ink this 
period with t he two periods of major activity here respectively sixty-five and 
one hund red and thirty years before 1920. The years 1790 and 1855 ~re 
-both times of unusual volcanic stress, and of these tho 1855 periocl is best 
known to us. It was a long term of many years of intense lava outpouring 
from both Mauna Loa and Kilauea culminating in moYements on both 
the southwestern ancl outhcnstcrn rifts of Kilauea. Probably someth i11 g of 
the same sort occurred during the decades following 1790. The 1920 crisis 
r esembled the period of 1 55 and thereabouts in the series of Mauna Loa emp­
tions finally 1·eaching the sea, in the outbreaks from both rifts of Kilauea, and 
in tlrn upbuilding ancl collap c at Halemaumau. It should be understood that 
such au eruptive period merely centers around the year mentioned, and its 
term 01· duration may be decacles long. We do not yet know whether the 1920 
crisis is to have after effect for clecacles to come. The 1855 t erm produced 
l'normous flows from Mauna Loa, great upbuilding at Kilauea and grnat col­
lapse in 1 68 . The 1920 term so far as it ha. gone has proclucecl three erup­
i:ions of Mauna Loa, beghmi.ng 1914, two ou flows of Kilauea away from the 
central crater, much upbuilcling and collapse there, and the succession through­
out showing progressively lower vents from Mokuaweoweo, the summit crater 
of Mamrn Loa in 1914, to 1\fakaopuhi, the lowest of the outbreaks from 
Kilauea in 1922. 

The nine-year interval that was noted by Green as representing a statis· 
ical averarre for rhythmic recurrences of like eYents in t he 1\fauna Loa cycle 
has b en str ikingly confirmed Rince Green' time. The reco rd of a decade at 
this observatory shows that Kil:rnea plays an equal part in that cycle. The 
]()13-22 cycle is one of these nine-year into1·va ls, aml it seems likely that the 
t,5-year inter val is somehow made up of about eight of these shorter cycles. 
In other worcls the Hawaiian vol canic system, iu addition to the shorter term 
titles and i-hytl1ms, diUl'nal ancl seasonal, may have these ompo undcd in terms 
r,.f _nine years, sixty-five years aucl still longer cycl es that are measured in 
centuries. 

JOURNAL. , 
Ju,ne 1. At 5 :40 p. 111. the pit of Halemaumau c01itained convergent slides 

of talus still in almost continuous motion and t l1 ern was increasecl fume from 
southeast wall cracks. Occa ional avalanche made reel clouds of dust. Abund­
a11t steam and fume T0se from the upper western cha sms. Table crag at 
southwest margin and western fault ben ·h were still in place. Sontlieast 
pressme ridge on rim of pit was becoming shorter by caving in at both end s 
through th e uud ermiuing action of avalan ches, and it top was less jagged. 

Dykes e.oncentric with the pit, pre umably representing old wall-crack 
fills, appearecl in lower part of pit wall both 11orth and south. 

Not a trace of glow or live laYa could be now seen in Halemaumau and 
no blowing noises were audible. Th e continu cl slumping of convergent talus 
st,ggestecl more subsid ence of the subtenanean lava, and as ea rthquakes and 
har monic microt remors were pronounced on this clay i.u spells las ting several 
hours each, the Puna rift belt was k ept under surveillance by tel ephone com• 
rn unicatiou with observers at Kapoho. A. slight earthquake was reported there 
ahout the midnight preceding but nothing more developed. 

June 2. The harmonic tremor decreased. At Halemaumau there was some 
S('ttling of the western fault bench. At 6:15 p. Ji-1. a large avalanche cloud 
shot up from the pit. 

June 3. Small avalanches fell from all sides, most numerous southeast. 
Fume in pit was thin_, some rising at inner southeast lodge but at southwest 
chasm the fume was dense. 
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Ju ne 4. At 5 p. m. the pit was steaming southeast, but from northeast 
there was clear seei ng. The long \\'est bench was backed by steam jets ·along 
the chasm behind it. South-southwest table rock had lost its summit and be­
come a buttress. T alus at bottom of pit was red and wet, and ledge outcropped 
near bottom on the east side. Bottommost poin ts in pit lay in a crease t rending 
north and south where slopes met. On t he southeast side the wall projected 
in a buttress so as to presen t a vertical precipice with smoking cracks toward 
the west and rounded surface toward the cast. Southeast wall of pit under 
the ragged pressure rim was Ycry steep making a rounded bay at the bottom 
with freshly broken gray surfaces an<l small avalanches sti ll falli ng from the 
wall itself. Otherwise the pit was very still and the air clear, and the talus 
slopes were not sliding. 

Lower walls of pit were very retl anti mineralized to various colors. Criss­
c1·ossiug dykes appeared in some places. There was much massive and finely 
laminated rock showing irregular rounded upper boundaries where the flow 
layers begin. iSome of the dykes appearecl to clip at high angles into the 
walls north and sou th. 

J une 6. Furno in pit was increasing. At 2 p. 111. a reel avalanche cloud 
r ose from south side. 

J une 7. Fume was again thin anti at 7 a . m. an aYalancho fell from north 
s ide. 

J une 9. At 5 p. rn. there were a few western slides ancl avalanche clouds, 
Yolcanic smoke rose from southeast corner and southwest chasm, but otherwise 
the pit i,as clear. , 

J une 11. A strong avalanche at southeast "·all made red cloud at 10 :04 p.m. 
J une 13. At 4 :30 p . m., south-southwest buttr ess was now becoming sharp 

like a steeple thrnugh a process of scaling off conti nuously and making small 
slides. Southeast wall was also scaling off, making pressure rim smaller. 

J une 15. A lar ge avalanche cloud at 1:30 p . m. 
J une 16. At 4 :30 p. m. f ume at Halemaumau was moderate and some slid­

ing was seen. 
J une 18. At 11 a . m. su1Tey flags were placed and pit was clear. South­

west chasm was found to e:xtoncl farther southwest than former seconcl rift 
well, a nd the channel aucl tunnel of 1921 flow emerged on southwest rim of 
pit. In the chasm smoking ·debris stood only 80 f eet clown and this was con­
tinuous with the long inner talus slope of the pit. Rift cavern under th is 
talus w as totally buried. Slight r ock f alls were heard this day. 

J une 19. Avalanche clouds rose from pit at 4 p. m. ancl 5 p. m. Visible 
, npor, nucleatecl by the dust, increased for about three hours. Three earth­
quakes indicated on the seismograms probably occasioned the avalanches. 

June 20. Places where rim had newly caved in were located south and 
cnst of pit . Rock s wore still sl iding occasionally . 

June 23. At J 1 a . m. the three fume sources were southwest chasm, under 
lower west pinnacle and at base southeast wall. Small avalanches fell from 
west wall an cl rock fragments occasionally elsewhere. 'l'he chasm back of west 
f:Jult bench hacl widened since it was first fo rmed. In the evening the air was 
still ancl a fall of r ock s was heard at obserYatory, presumably a t Halemaumau. 

June 24. In forenoon there were se,·eral rock falls at pit. At 5 p. rn. 
all was very quiet. Sulphurous blue-brown smoke at southwest chasm had 
slightly increased. Southeast upper r im hacl been caving in, making fresh 
cracks back from the rim . A flag station south had fallen in as well as 
some of the National P ark signs. 

Smooth rounded surfaces of plastered wall Yeneer formed wall of p it low 
down on north side. Tops of talus slopes we1·e borderecl with black dust scpar­
nt eel by g ravity. In north a nd south walls there were cracks i n veneer rem· 
n::mts more or less p:u allel to the wall surface. 

J une 25. On preceding night there was rock slicling, and noises made by 
slides were heard in the morning and large dust clouds hung over Halemaumau 
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from 8:50 to 9:10 a. m. At 4:20 p. m. pit appeared as before but ea t and 
south r im bad b een scaling off. 

June 26 and 27. A few li<l s. 
June 2 . Pit was very clear and fume from sonthwe t ch asm sl ight. Aval­

anche cloud at 5:20 p. m. was simultaneous with earthquake s hown on seis· 
mogram. 

June 29 and 30. o changes were obser,ed in pit. 

SEISMOMETRIC RECOR.I>. 

During the month ending midnight June 30, 1922, 101 local ear thquake 
a nd three di taut shocks were regi te red at the observatory. These ancl other 
e:ll'th movem ents arc exhibited below. Distau c of origin when indicated by 
th e in trumental record is stated in English mi les. Time i Hawaiian tandard 
ol: meridian 15i 0 30' W., 10 h . 30 m. slower than Greenwich. 
Loe al E arthquakes. 

Abbroviation have mea nin gs as follo ws: Vf=vcry fe ble; f=fceblc; 
=slight; m=modcrate; d==instruments dismantled ; and 8 = ,1istancc in miles. 

Jun e 1 12:05 a . f . June 4 9:52 a. vf . 17 9: 59 a. , ,f. 
12:51 a . \·£. 9:54 a . vf. 2:12 p. \"£. 
12:54 a. vf. 1):0 a. s. 1 1 :22 a. Yi. 

1:00 a. vf. 11:47 :l. ,·£. 2:23 p. vf. 
J :04 a. vf. 12: ) 3 p. s.6 2% .. 7:04p. ,f. 
4:23 a. d. 4:50 p. f. 19 3:<}3 p. s.86. 
6:56 a. d. 4:5 p. d. 4:46 p. vf. 
7:3() a. s. 6:20 p. ,· f . 7:]4p. f. 

:08 a. vf. 6:30 [>. vf. 7:17 p. s.66. 
:5i a. f. 7:42 p. vf. )1 :47 p. vf. 

11 :4.:- a . vf. 10:46 p. \'f. 11:50 p. l"f. 
Jl :47 a. Yf. 5 1:31 :i. Yf, 20 6:13 p. vf. -

2:4 p . vf. 2 :-+2 R. f. 21 6:44 a . J. 
;l:4 p. f . 3:1 p. ,·f . 3:2 p. vf. 
6:56 p. f. 4:41 p. ,f. 4 :41 p . vf. 

:07 p. f . 11 :30 p. Yf. 22 :43 a. vf. 
:)9 p. Yf. 6 12 :40 n. Yf. :44a. Yf. 
:52 p. s8:!. 1:55 n. ,f. 9:06 a. vf. 
:55p. vf. 5:00 a. Yi. 23 7:34p. vf. 

2 12:40 a . f. 5:] a. v f . 24 :32 a. f . 
4:23 a . d . :31 a. vf. 12:25p. vf. 
5:04 p. f. 10:17 n. vf. l:llp. vf. 
6 ~21 p. d.m .86. 11:16 a . vf. 25 8:45a. vf. 

11:52 a. f.64. 12:33p. s. 8 :56 a. vf. 
6 :Hp. ,,f. 7 9:00 p. ,f. 9:01 a. vf. 

3 12:0 a. ,f. 9 2 :22 p. Yf. 26 11:52 p. vf. 
2:00 n. vf. 3 :07 p. Yi. 2 1:0 a. vf. 
4:17 a. vf. 9:1 p. vf. 4: 33 p. vf. 
5:/17 a . s .6!l. ]2 4:10 n. ,f. 4 ;35p. vf. 
7:59 a. s . 4:11 a. vf. 5:14 p. f. 
8 :17 a. vf. 13 J2 :30a. vf. 29 6: 36 a. vf. 
2:47 p. vf. 6:11 a. 7:18 a. vf. 

4 5:50 a. vf. H 2:45 a. yf_ 20 4:24 p. f.64½. 
G:10 a . vf. 3:10 p. Yf. 
s~23 a. vf. 

Most of the slight earthquakes and the moderate one were felt locally. 
T eleseisms. 

June 12, 6:35 p. m. light. 
13, 12: 32 a. m. light. 
16, 10:4.0 a . m. ligh t . 
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Spasmodic Microtremor. 
This type of tre111or, by week , beginn ing June 3, was registered a follows : 
June 3-9. Moderate. 

J.0-16. Slight, i11creasi11g to moderate ou Hth . 
17-23 . Sl ight . 
24-30. Slight, increasing to moclerntc on 2 th . 

Harmonic Microtremor. 
'l'his type of t remor was moclcratcly strong on June 1 and slight thereafter, 

Microseismic Motion. 
The amplitude of microsci. m was mollerate on June 11 and sligl1t on other 

clays. 
Tilting of the Ground. 

By weel,s, th is mo ,·cmcut wa as follows, expressed as angular change 
ancl direction of 111otion of the plumb Iiue: 

72 

J une 3-9. ~-" sceour1s ~ E. 
10-16. 0.4 ~cconc1 S. 
17-23. 4.5 seconds .•~w. 
2-l·30. 2.1 '' ss,v. 

T. ~- JAGGAR, 
Volcanologist. 
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Black spot shows location of Observatory. 

All exchanges should be addressed to liantl)• colored lava slopes, has a summit crater 8 
miles long by 1 ½ miles wide, with w alls 700 feet 
high, and wh en in action fountains of fir e froth are 
here jetted 500 feet into the air. Every five or ten 
rears splendid spectacles of lava eruption are staged 
on the mountain. sometimes from the lower fl anks. 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano Honse P. 0., Hawaii. 

'The Observatory is equipped with the follo wing 
1eismometrlc instruments rebui1t at the station in 
l 918 for the special needs of volcano r esear ch : two 
Bosch-Omori pendulums, high-speed registration of 
toca1 earthquakes; one optically recording seismo­
!l"aph for di~tant earthquakes; one clinograph r egister· 
mg E-W t1ltmg of the ground . A vertical component 
oeeismograph was in December, 1918, set up in ex­
perimental operation. These are seated on concrete 
pier s in a closed basement room having practically 
constant temperature, beneath the chief Observatorv 
building near the hotel. Time is r eferred to a r ated 
chronometer, checked at intervals by wireless signal 
from the Pearl Harbor Naval Station . The chron o­
moter is loaned by the University of Hawaii. Ha· 
waiian standard time (H. S. T.) is 10 hrs. 30 min. 
elower than Greenw ich time. Observaton- Lat. 19• 
25 ' 54.2" N.; Long. 155° 15' 39.2" W.; Elevation 
1 2 14 .6 meters (3985 feet). 

HAWAII NATIONAL PARK. 

This park was created by acl of Congress August 
1. 1916, and includes three famous volcanoes--Kilauea 
and ]\fauna Loa on Hawaii and Haleakala on Maui. 
Frequent passenger steamers ply between these islands 
and Honolulu. 

Haleakala Section-Haleakala, ''house bui lt by the 
sun, '' a peak more than 10,000 feet hi gh, carries an 
immense fissur e-like cr ater 8 miles long and 3 miles 
wide, with walls 2000 feet high . Here, ns well as 
on llfauna Loa an d Manna Kea . grows the Silver 
Sword (Argyroxiphium). Thirteen volcanic cones He 
wholly within th e crater . some rising n enrly to the 
heigh t of the summit. The scene at sunrise is mar• 
velo11sly beautiful. · 
. Wailuku is the point of departure. automobiles tak• 
mg the traveler to Olinda, a summer r esidence set• 
!lament 4043 feet high . After 2 hours drive to this 
point. saddle horses are taken lo th e summit a ride 
of 3 ½ hours. Here is a fin e concrete rest house. 
b~ilt. by the citizens of Maui , and fully equipped 
Wllh iron beds, blankets, stoves and cooking utensils. 

Manna Loa Section-Mauna Loa a vast dome 
13._1!75 feet high, reached through ' forests of Ha· 
W'Bll&n mahoeany (koa) and tree fern. then up bril· 

There are tra il"s on the Kona side, and al so from 
the sou thwest, but the usual and best r oute is with 
saddl e mules from the Kilauea section to P uu Ula· 
t1 la (9800 feet), a ride of six hours. Here there 
is a full y equ irined cottage with stables and water 
supply. From this point on the second dav a four• 
hour rid e takes the visitor to the summit cuter 
wher e ther e is water. A right or way within the park 
connects Kilauea with Mauna Loa, where eventually 
a road will be constructed. The views are glorious 
and the chasms, cones and contorted lavas indescrib­
abl:v chaotic. 

Kilauea Section-The lakes of foaming fiery lava 
within the crater of Kilauea form the most spec• 
tacular exhibit in the Hawaii National Park if not 
in the world. The pit of .fire, Halemaumau i~ inside 
of the main crater, at the apex of a broad, fl.at, inner 
cone. . Kilauea is a dome volcano 4000 feet hi gh, 
overridden by the lava slopes of Mauna Loa on th~ 
w P~t. so that it seems but a spur ot the greater, and 
p erhaps younger, slag-heap mountain . 

'!'he Kilauea Park and the inner pit itself aro 
both reached directly by automobile fr om Hilo, the 
second city of the T erritory of Hawaii. and t here 
nre excellent hotel accommodations. The dis tance 
from Hilo is 30 miles. Within the park there are 
l 5 mil es o f roads and about 20 miles of trails. As 
shown on the map, there are a dozen ancient p its 
within the area of t he park, as well as con es, caver ns 
and hot so lfataras and a s trange desert where lava 
flows have poured out or cracks as recently as 1 920. 

The live pit of Halemaumau is easily access ible 
nn<l not dangerous. Frequently one can wnllc to the 
actual edge of the splashing. fountaining Java lakes 
the lava column ris ing and falling from year t o yea; 
sn that its most di stin ctive character 0is ceaseless 
change. At nigh t t he spectacle is full of marvelous 
color , and t he region is a paradise for artists pho to<>· 
rnph ers and naturalists. ' 0 

The several sections are under the control" of the 
National Park Service or the Department of the In ­
terior. The United States Weather Bureau main· 
tains the Hawaii_an Volcano Observatory. which 
stnn rls on the hr,nk of the greater crater within 
the Kilauea Park. 
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PROGRESS OF BORING EXPERIMENTS 

Boring on Kilauea Floor. 

No. 7 

Hole No. 3 on the K il auea floor east of Halemaumau was bored down 
to depth 79.3 feet during July, 1922. Hole was begun with 10-inch bit, 
reduced to 8-inch 8 feet down. 6-inch 25 feet down, and 4-inch 70 feet 
down. Ten days out of twenty-[our were without progress owing to repairs, 
wedging of tools and their recovery, reaming for casing, and altering casing. 
At the depth stated, 79.3 feet, boring wa.s stopped and churn drilling sus­
pended. The 4-inch bi t was there sticking owing to wear on cutting end 
of tool reducing diameter, and so making hole smaller than shank of bit. 
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Bits gave much troubl e th roughout the month. They were sharpened at a 
forge 19 miles from the work. Bit in one case was too large for the casing 
when returned, then when casing was withdrawn broken rock fell in and 
jammed th e tool. A day was lost recovering the string of tools by straininz 
on tackles and jarring. To proceed safely it was necessary to replace 
casing and use a dull tool which fi tted the cas ing. It was hoped to go 
down 100 feet and reaming was tried with this in view. This resulted in 
jamming and a broken treadle t imber . This was replaced at a planing mill 
36 miles away. On another occas ion a break at a coupling made it neces­
sary to transport a heavy sinker bar and bi t 56 miles to Olaa machine shop 
and back. 

,Wafer consumption as before was very small. Following are the figures 
for ,May, June and July : 

Days of Total Gallons per 
operatiou gallons foot 

Water consumption in May 13 530 12.6 
" Junf' 14 715 22.3 
" July 24 855 10.8 

'l'.he average use of water by the churn drill was therefore 41.2 gallons 
per operating day for the whol e period, and 13.9 gallons per foot for 151.5 
total feet drilled. 

Drilling record for J uly is as follows: 

'"' 'O 
Q) Q) 

Q) .c: "' 3-;;;-
~"' 

...., 
~~ .c:~ ro-

Q)""' ,.-,i;... 0~ ...., .., ,... ~ 
+-lc,..1 .c: ::> 0 '"' Q) 0, Q) - .8 OTJTIS 
ro "" <) 0 "'> 

bD a, 8~ ~crj ~ ..... o~ ro .c: '"',., ~- 2 bD ::,J ;:! 
~ 0 ro~ 

~ f$ 
- -

I I I 
2.21 Three oiling other drill. R epairs. July 1 0 4 0 men 

5 5 3 5.8 8.0' 8-inch bit . , ·ater in hole. 
6 6.5 1.5 9.0 11.0I Soft "sandy" rock. v\.'ater escapes. 
7 5 3 5.0 22.01 100 Some repai rs . 
81 4 4 2.5 24.5 Hole caving. 

101 2.5 5.5 3.5 28 .0! 90 Set casing. Bit 6-inch. Water escapes. 
111 6.5 1.5 6.8 34.8 100 Lengthen ed C!l.sin"'. 

121 6.5 1.5 4.2 39.0 Some repairs . Oversize bit. 
13 2.5 5.5 5.0 44.0 100 Drilled without casin and bit became 

I wedged. 
141 2 6 0 44 Fishing for tools. 
151 7 1 2.6 46.6 Lifted tools. et ca ing. Water escapes. 
t11 7 1 0 46.6 Reaming to enlarge hole. 
181 5.5 2.5 0 46.6 Reamer stuck and broke treadle. 
191 0 8 0 46.6 JOO Repairs and work on other drill. 
201 5 3 3.4 50.0 Set casin "'· Bit 6-inch. ;Wat~r in hole. 
211 i I 1 14.0 64.0' 90 Soft rock. 
221 5,51 2.5 6.0 70.0 Soft rock. Water escapes. Repair car. 
241 J .51 6.5 0 70.0 50 Tool wedges and reco,,ered. Caving. 
251 6,51 1.5 0 70.0 175 Caving hole. :o proo-r ess. 
26 j 0 8 0 70.0 B auling and setting casing. 
271 5.5 · 2.5 7 77.0 

!1 

Start removal of spare tools. 4-inch bit, 
I fo llowed with casing. 

281 \ 6 2 2.3 79.3 Bit sticking. Water escapes. Hauling 
291 5 3 0 79.3 i 

50!1 
Bit worn. sh:mk wedges. Hauling. 

311 0 8 0 ·79.31 Disma ntling. R epair car. 
I i 

76 

. . 



$ummary of July Drilling. 

Average drilling in rock for this period was 0.75 foot per machine hour, 
&nd drill operation was 4.25 machine .hours per drilling day. Footage 
averaged 3.21 per drilling day. The maximum day's progress was 14 feet 
and the minimum for a day of actual drilling was 0 feet when the hole 
caved in continuom,ly for 6.5 hours. :When this was cased it was found 
that 5.8 feet of loose material had caused . the caving. Down to 50 feet an 
iron ladle was found useful when the sand-bucket faH ~d in material of this 
kind, but the ladle could not be handled deeper than. this. 

Tem peratu re of Hole No. 3. 

Temperature measurement of Hole No . 3, Kilauea floor, with maximum 
Centigrade thermometer, was as follows; air temperature was read in the 
fi eld: 

1922 Depth Air Bottom 
Date and Time (feet) Temperature Temper:> t.ure Notes 

Cent. Falu. Cent. Fahr. 

.June 27, 4: 00 p.m. 0.0 
July 5, 5: 00 p.m. 8.0 

6, 4:30 p.m. 17.0 

i, 5 :00 p.m. 
8, 1:00 p.m. 

11, 4: 30 p.m. 
12, 4: 30 p.m. 
li, 3: 15 p.m. 
20, 4: 30 p.rn. 
21, 3: 40 p.rn. 
24, noon 

25, 4: 00 p.m. 

28, 2: 50 p.rn. 

22.0 
24.5 
34.8 
39.2 
46.6 
50.0 
62.5 
70.0 

70+ 

79.3 

20.0' 
20.0 
19.5 

17.0 
24.0 
19.fi 
17.0 
23.5 
20.5 
18.0 
24.5 

20.5 

22.5 

68.0 
68.0 
67 .0 

62.6 
75.2 
67.0 
62.6 
74.2 
69.0 
64 .5 

76.0 

69.0 

72.5 

25.0 
35.0 
37.5 

47 .0 
46.0 
60.0 
'57.5 
65.5 
65.5 
60.0 
64.0 

65.0 

69.0 

77 .0 Surface 
95.0 In water. 
99 .5 1 foot water. No 

odor. 
116.'5 
114.9 
140.0 
135.6 Two readings. 
150.0 Debris in sump. 
150.0 In water. 
150.8 'l'wo readings. 
1-:17.2 Mud remains after 

40 hours without 
new water. 

149.0 Caving formation; 
mud. 

156.2 Cased to 7 6 feet 
depth. 

It was supposed that under the Kilauea floor very high temperatures 
might be fouud. Therefcre this gradient was a surprise. No sulphurous 
smel\s came up the well and at the end of the work only odorless warm 
mois t air ruse from the opening. As will be seen from the table the gradient 
resolves itself into five stepwise rises .of 'temperature with dist inct fla'tten­
ings of the curve, anci even downwa rd bends, in between. T.h ese are 

Ri se 0 to 8 feet depth Rise 25 to 35 feet depth 
Flat 8 " 17 " " Fall 35 " 39 " 
Rise 17 " 22 R ise 39 " 46 " 
Fall 22 " 25 Fall 46 " 70 " 

Rise 70 " 79 " 

Neglecting the ~teps, the curve is steepest for the first ten feet and 
then fi l'!ttens progressively from a temperatur"l of 35° C. to a fairly constant 
temperature of 65°+ from 46 to SC feet of depth. 

Summary of chu rn drill ing M ay-J,uly, 1922. 

The fo llowing table sets forth the statistics of- drilling with four men 
and a superin tendent at Kilau ea to date. The working day was eight 
hours and "machine days" were those when machine was not dismantled. 
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The record is for the separate months May; June and July, and also shows 
averages deduced from summation of the monthly records : 

h.O ;., ,-... 

.e tl) 
a> :a en .... 

~~ Cl) .0 ,.. '"' 
'B $ - 0.0.,cl ""' .... Cl) ~<=l--- !3::,::, c'd Cl) 0 Cl) 0,§ 1: :a Q) ~ a~ 'Cl,.. ell-+-> ::l 0 0 

OD ,-... o~ - ~.s UJ 'Cl '-' Cl) ~..c::5 Cl) t<J ~ cl~ Q,) a:, i:;... eo-+-> 00-+-> Cl) ..cl >, Month 1922 (!) ::, ::.. Cl) ..... !3 ~ .0 ~ cl 
Cl) !=l Cl) A >, o.oo.o'-" s °'@. .0 '-' cl 

~_g ~ ""' !3 cl 'Cl S~-c:, 0.0 ~;., o.o·- cl -;;; ~-
~ ~ g f:: .g 'Cl ·-""" ::, s ::,A Cl) 0 cl ;:j <l -+-' Cl) 
•◄ Cl) Cl) cl • > 0-c:, 0 C. z zg 
~ o..C > s ~ ~"-< ~8 E-< 
~ ~ ~ 

I I I I 
May 0,79 3.15 2.49 5.8 42.1 13 I 0 

June 0.69 3.32 2.29 8.9 32.1 14 12 

.Tuly 0.75 4.43 3.35 14.0 77 .1 23 1 

,Whol e period 0.74 3.63 2.71 14.0 50.4 17 4.3 

The men who labored on this contract did heroic hard work uncom­
lJlainingly. The reason for examining these statistics so particularly witb 
reference to engineering methods is that the writer has in mind carrying 
fo rward boring experiments for years to come for geophysical purposes, and 
he hopes others will do likewise and profit from these figures. It is difficult 
to find out what drillL,g methGds wHe u ed at the steam power plau t of 
Larderello in Italy, for example,. and wha t was the cost in la bor and time. 
It is hoped lo use our figures as basis for iucess2.nt experimental improve­
ment until apparatus is perfected for scientific borings deep and shallow. 
at maximum efficiency and minimum expens e. 

The churn bori ng here described is neither efficient nor inexpensive ; 
when drilling was in progress there were men waiting; wh en road -makin g 
wns in progress there were: 1:00 few men and those too highly paid for such 
coarse ,vork; machine was loo weak for this method on such hard rock; 
bits were too few, too dull , and not of niost effective shape; rock specimims 
were poor and ineffective ; the method of slow up-and-down churning like 
mortar-and-pestle makes a ragged hole u.nnece~sarily big tha t tends to go 
crooked, to cave in and wedge the tools , an d to requ ire casing that sh uts 
off side vents or gas or :;team if such exi L Rock wa too dry for sand 
bucket. The rope metilod gives no grip on the tool nor precision to ils 
motion. W hat in the air-percussion or rotary drills i achieved by · hlgh 
.speed is h re attempted by extra weivhc of tool . \\here rotation for a 
rod drill will extricate a bit, there i here only jarring and pulling. Extra 
weight means difficu lty of transportation. 

The contractor, Mr. Hobart, did e,erything possible and this is ilot 
criticism of him or h is crew. It i;: a c riticism of churn drilling in general 
as applied to lava-flow topography. T hese flow beha~·e like tough trap 
sheets, not like the brit tle porous lava that eems so friable on the surface. 
Confidence that high-speed drilling would ma .. e better progr ess is based on 
a demonstration of air percussion drill, a a ba alt quaITy, given the writer 
by the Hawaiian Contracting Company iu Hilo. Th is drill with star bit 
and solid steels delivering 500 blows per minute bored holes 3 inches rn 
diameter and 20 feet deep in a little over an hour_ T he limit of such drill­
ing is usually set at 30 feet of depth , but ru the a,-erage depth of the th ree 
holes a t Kilauea is only 50 feet, it would seem thai. , aluab le work ought 
to be possible with an equipment using compressed ai r. 
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Discussi on of s pec ial fe at ures. 

THERMAL GRADIENT OF BORE HOLES. In every possible way Hole 
No. 3 is thenn::illy · different from the holes at Sulphur Bank. Both are cut 
through hard lava flows but there the resemblance end'l. The Sulphur Bank 
wells are s teaming under some slight pressm·e, they hold a, nearly constant 
temperature at the boiling point of water for the elevation, and if there is 
a gradient in 50 feet of depth it is hardly more than the rise of boiling 
point for 50 feet of depression. Moreover the stearu smells strongly ol 
sulphurous acid gas and wealdy of sulphur, and contains mostly water 
vapor and li ttle air. Here on the Kilauea floor there is much air and little 
waler, and nothing else perceptible, at a temperature 80 feet down 26° below. 
the boiling point; and the gradient flattens out remarkably, with positive 
inversion at certain depths. 

Comparing temperature survey of cracks published in June 1922 Bul­
letin , the are,. in which Hole No. 3 is placed corresponds to "south· central 
floor Kilauea," a low temperature region . The hotter cracks are near -Uie 
edges of the floor, but also in t he margi nal c liffs, as at Sulphur Bank and 
near Keanakakoi. The places of highest temperature, as in Halemaumau, 
are along the "wall-crack," that is, where gas from below percolates through 
buried htlus slopes and border cracks concentric to tha heavy fill that has 
choked center of funnel. The hot Postal Rift is an old wall-crack of th rJ 
~894 pit. Possibly along the wall-crack also there i:; the best s upply of 
oxygen for union with combu tible gases below. 

If Sulphur Bank is an ancient wall-crack, the high temperature may be 
attributable to such gas reactions below, and the constant temperature to 
the kettle effect of boiJino- rain-water at no great depth. As there are no 
geyser explosions or puffings, the presumption is that such water, in this 
region Of 100 inches rainfall per annum, has an established underground 
circulation. It is possible that the depth is no greater than the surface of 
the present subterranean lava column; in 1921 the live lava was at elevation 
3730 feet, and now it is about 2900. Sulphur Bank is at elevation 3940. If 
this argument had any value a boring in 1921 of 190 feet depth at Sulphur 
Dank would have reached the crit ical level, and a b,Jring now would reach 
it at 1040 feet depth. 

However, the bottom of Kilauea Iki in 1921 was 600 feet below the live 
lava of Halemaumau, and the southeast wall margin of the greater crater, 
yielding hot suiphurous steam, was 200 feet below it, without any outpouring 
of geyser waters. Live basaltic lava is little controlled by hydrostatic 
laws, and the underground magma is a different substance from the surface 
froth. That froth rises hundreds of feet above the open basins by percola­
tion through small cracks, and o-as heating is in evidence at the top of 
Mauna Loa w.ben the observed lava column is flowing vigorously on the 
f1anks or Kilauea 10,000 Ceet below. 

This digcussion merely leads to the conclusion that a hole 1000 feet 
deep at Sulphur Bank should yield an inst!·uctive thermal gradient and 
some changes in gas composition with increased depth. 

VOLCANIC CONDI T IONS IN J ULY 

Acti v ity of H ale maum a u. 

During the week ending July- 2, Haleroaumau pit. s.bowed no essential 
change and there was no volcanic activity of any kind on · Mauna Loa or 
Kil am.a, olher Lhan the usual qui~t fumiu". 

In Halemaumau the principal fuming place was at the great southwest 
chasm, an ext,;msion of the pit itself, w.here the top of the talus was becom­
ing yellow with sulphur and the blue smoke smelt of sulphurous acid . Dur­
ing the recent subsidence an enormous block of old rim i-oc!t on the north 
side or this chasm sank down about 20 feet, leavin~ crevasses on the outer 
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s ide, and makmg a crescent-shaped bench of a portion or the rim. This 
block is hundreds of feet high so that the crevasses are breaks .h undreds of 
feet deep. The .lava on the s urf8.ce dates from 1894. Heat at the cracks 
is so great that red hot rock must be only a short distance down. Either 
an oxidation process is heatin g up the cracks, or the underpinning of the 
Kilauea floor is loca lly excess ively hot even in its older portions. 

This heat at the line of breakdown is ot' interest in connect ion w ith 
the borings on the outer floor of the big crater. Hole No. 3 80 feet down 
reveals no such high temperature, though of course it mig.ht do so if U 
were 500 feet deep, and the crevasses are at least that deep. 

During the first week of July the pit resembled an immense quarry 
where every rock lying on the convergent slopes inside rnig.ht be plainly 
seen. · The suphurous fuming patch at the chasrr. showed glow at nig!Jt 
a long til e top of the debris slope about 100 feet below southwest rim 0f 
1-Ialernaumau. 

This pa l.ch was !he main source of what little sruoke now rose at the 
pit. It lay in the chasm between outlying pinnacles, where formerly the 
outermost rift well lay, and this was the vent that gay e r ise to the largest 
flows of March, 1921. The g low appeared to be e vidence that live lava still 
occupi ed t he great Kau Desert rift and might be rising. th rough the r ift 
cavern that is buried under the bowlder s lope. There were no fl ames nor 
gas h iss ings. The glow lay along a zone three feet wide by 25 feet long, the 
bo lte t cavi ties among the fragments being bright cherry red, the others 
.dull red. In t he crevasses faxther north no gl ow was discernible, and the 
air ris i-ng there was odorless and scorching hot, so that paper th rown in 
browned immediately. · 

The second week showed increase of glow in th e southwest talus heap 
so that by .July 12 the glowing area covered a large part of th e upper slope 
of bowlders in the chasm. One bright glow ing patch was nearly two feet 
squa re, of incandescence brighter than cherry red and probal.Jl y maintained 
b y invi sib le flames of burning gas. The surface looked like a bed of coals 
for a length of 75 feet. At the 1921-flow tunnel on the surface back from 
rim of pit tra nsverse cra cks had widened and brought up .hot ai r from 
below. This place is just above the smoking nchasm, but there was no 
sul phur fume in the tunnel cracks. The same is true of t he northwest 
crevasses, and here sparks were seen to r ise at this time. 

Small avalanches occurred in Halemaumau, a notable one making a big 
dus t cloud at 10 :30 a. m. July 13. Avalanches were numerous July 16 and 
this was followed by an outbrea k of lava at 2 a. m. J uly 17 at the top of 
lhe southeastern talus. Thi s liquid la va was evidently from the wall-crack, 
gush ed up in a fountain, and cascaded down the debr is slope making a 
crnsted pool in the botton~ of the funnel. ' 

The pit during the earl y morning hours of this day glowed brightly . 
. whereas it had been dark before. Visited at 8 a. m., the new floor was 
fouu cl Lo be a glowing p;:iol 350 feet long, and this increased to 190 feet. 
during t!1e day. The pool was fed by a trickling cascnde 1'50 feet long 
sweeping down the debris slope. At top of cascade there was a pot next 
wall of pit 670 feet down where fountains rumbled a nd splashed and molten 
spray was hurled 30 ,to 50 feet in the a ir. The edges of the tor rent had 
qui ckly formed a trough of black lava, mostly pahoehoe, but show ing some 
aa on tlle edges. Everything was plainly visible a nd the display a t ni1<ht 
was brilliant. The outbre;:-i k resembled the Makaopuhi erup tion of May 28. 

It was a rn.ai.ter of great interest to note that this lava broke ou t 194 
feet above the bottom of the pit, where the convergent talus slopes met .i.t 
a depre~sion 861 feet below rim. By 1100n J uly 17 t he bottom was filled to 
a depth of 60 feet, Lhe fill being fed wholly from above. This high source 
vent was destined to be the main lava conduit foi· the remainder of t he year. 

The uew lava activ ity made li.ttle pro~ress and its main flowing and 
filling action las ted four days, July 17 to 20. On the second day t11e1-e 
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was a crusted pool Lhat exhibited spel!e of breaking up, and the ribbons 
o[ black lava down the debris slope had become tunnels where the trickling 
streams flowed under cru t to add substance to the lake below. The source 
cone smoked and fa lls of rock from the cliff above hr·oke it open occasional­
ly with spectacular effect. 

On the third day there were avalanches and the _pool was swollen and 
making trickiing streams around its edge. The source pot was open and 
flinging up incandescent spray and SJ iashes. Sometimes the whole lake 
surface' broke u1 ,ind made brilliant patterns like fiery ferns until it 
solidified and blackened. 

By July 20 the lake surface had sa"ged, and the source cone, now 10 
feet high, made three trickle flows on the slope below. 

T.he next three clays showed dwindling activity and increa ing rock 
slides t hat overwhelmed and jumbled the cone, covered north side of floor, 
and whitened half of the black lava surface with dust. The cone continue·c1 
to puff sl uggishly and to give up smoke. 

Durino- last week of month the crusted pool developed enough gas to 
break up its shell so that the fragments foundered in the melt below and 
the sm face was left lower than before with a shoreline bench around it. 
Al the top of the frozen cascade that bad supplied the pool, there was 
sti ll a glow ing and smoking pol that coughed occasionall5·. There had been 
a spell of much avalanching just before this tha t fill ed the air with dust 
and whitened the lava surfaces.- Finally the glow waned, small avalanches 
continued, smoke increased, and the puffing became very slight. T.he first 
r eturn of lava activity was succeeded by a quiet spell. 

D iscussion of spec ia l features. 

THE VOLCANIC CYCLE. The parallel' ~rn of 1922 to 191) as a quiet 
year following general colla pse has now deve!oped tv, o s trikin g similarities. 
The first was the disappearnuce of the lava in May, the second its temporary 
l'eappearance in Jul}-. The July ernption of 1913 was a welling up of lava 
at very low levels in a smoky pit and this was followed by extreme quiet 
in Aui;ust. The main di ffer ence in the two years is in the present absence 
of smoke and in the much greater size of pit and depth of collaJJsing in 
1922. 

It . hould be borne in mind that the dist.inctive featur of the end of 
au eruptive cycle is not merely a collapse of the fl oor of a crateral pit, for 
such collapses often occur right in the middle of a term of productive out­
pouring. An example was tb e profound subsidence of November 28, 1919, at 
.Halernaumau, followed at once by a startling recovery and great floods of 
lava in the Kau Deser t fo r seven months. This indicated that the pit is 
mobilized so to speak, for a subsidence to depths of 600 feet and more and 
recovery therefrom at any time if a lava column with a .high gas pressure 
is available. 

The cha racters di~tinctive of the major subsidences of 1913 and 1922 
were (1) risings about a yea·c before thn subsidence. accompanied by exces­
sive tumultuous foun tain ;i.ction; (2) the subsidence itself giving evidence 
of utter burial of the lava column under debri:1 ; (3) a year of comparative 
dormancy, with lava at very low levels, fo llowing the collapse. 

The meaning of these three features in bringing tc a close an eruptive 
epoch at any volcano is probably (1) a release of pressure due to loss 
of sub,,tauce and consequently a geyser-like gushing of gas; (2) an unusual· 
ly great collapse occasioned by the voids left below; and (3) s uch depletion 
of gases in solution, th roughout the magma chamber, as to require a defini t e 
interval before a new supply of tbe slow moving deeper substance rises to 
ef,ect a new stress. This stress is destined to demand of the volcanic 
edifice a new rup ture or series of ruptures during the next cycle. Each 
rupture re lieves pressure and so permits effervescence.· 
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Such analysis leaves open the fpllowing questions to be answered ai;; 
ingenuity may uirect experiment in the ruture. What is the volume 
evacuated duriug a single cycle? Is this a constan,t each cycle? How does 
this bull,, reduced to some common s tanda.rd for po10s1ty, compare wilh 
the measured uplift or subsidence of the resulting landscape? How do tllt 
and geodetic measurement:; check with the times of su.:h vertical movement? 
\ · hat astronomic or geot,omic forces control the rise of deeper magma? 
What is the best way of measuring total energy output during a ingle 
cycle? And lastly, what theoretical conditions, mechanical and chemical, 
in tl:ie deeper magma, check quantitatively with the heat and energy so 
mea~ured? It will be seen that quest ions 01 this kind reqmre definite 
measurements, instruments, workers, Jabo1 atorie3 and surveys , And as 
partial answe rs are attained by inyept1gat'0n. each research adds new 
ruethods of greater precis on to the routine record ng don e! by an o serv:iLry_ 

It is entirely within the bounds of p1obability that rnlcanic d,strid;;; 
equipped with record ing stations will in a few ycarr, yie ld usetul solutions 
of their problems by n eaus of measurement. The station may be expected 
to report: 
(1) The major cycle, of this volcanic s:rstcin is q years. 
( 2) The constant (or a ·crage) output extravasated pe,r cycle is r cubic 

meters. 
(3 ) 'l'hu area of the system is s square kilometers, containing t active 

vents. 
(4) The depression per cycle is distributed over an average area of u 

square Jdlometers and <1n1ouuts to v cubic meteri,. 
(5) 'fhe lava veneer each cycle i:, supplemented by w cubic meters net 

elevat10n ' distributed over x square kilometers. 
(6 ) The ratio of depression to gross elevation 1s y/z showing cumulative 

(elevati6n or depressiou) for the present century. 
(7 ) Heat radiation amounts to p kilogram calories per cycle at the vent:'<, 

and n kilogram calor ies from the surface of the system outside thP. 
vents as shown by abnormal rock temperatures. 

It is obvious that such data will gradually throw light on what is 
happening underground and will prod uce f'ormuJ.ae delimiting volcan,c 
systems and comparing them on a quantitative basis. 
The bo.ttom of H al-em au mau. · 

The return o[ the lava J uly 17 by way of the top of a talus heap 194 
feet above the bottom illustrates just wh nt happened at Kilauea Iki in 1868 
and at Makaoi,uhi 1922. 'rhe liquid lava foams up the "wall-crack" as the 
i,,ar.hway or least resistance. I.east resistance means least pressure. The 
rock walls of these pits are funnel shaped and i.he real bottom is masked 
by talus . If the real bottom is the Java plug left by the last subsidence, 
then the riJlease of pressure that leads to the new activity is prob'lbly a 
lift of this tapering cork so that th taper parts from tile funnel and 
releases incandescent matter below. Th smoke and glc,w seen along the 
talus zone be1ore the lava appears mean that the melt is cementmg the 
la lus Lo th Laper plug so that when the lift comes plug and talus ani 
thrust up together as a cake moulding the bottom or funnel. All volcanic 
craters show tendency to im10ke around borders· of the floor. 

The Java pool that fol'med Jul y 17 was identical in i ts mechanism with 
a slag heap or lnva fill fed from a flow vent. The filling of t his pool 58 
fee t in nine hours from one small side vent leads to the query "Does Haie­
maumau alway1:, owe its risings to one small vent at one side of the bottom 
i,,l~g?" ' That the r ising comes from one side has been the experience of 
the past decade. It has l1itherto generally been the west and northwest 
ponds that were; consid red the source pools. Now it is the southeast corner 
that is building a source cone. 

The convergence of the rock wall maims it seem probable that the . 
botlom pl ug is very :;mall. T he hypothetical deeper magma, a compressed 
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Fig ure 10. Southwest wall of Hal e­
rnaumau May 25, 1922, show,ng 
remakable tunn el at base or wall 
r vealed by ub. idence. This is 
t h e r ift channel leadin 0 to the 
flow vents of 1920 in the Kau 
DeGert. ote t he talus at en­
t ra nce to t unne l and lava pool 
ins ide. 

Fi <>ure 11. ' Mi~y 28, 1922 . Ch asrn form ed by wall of 
Hal emaumau break ir.g inward during the great 
s ubs ide uce, sou thwest side ot' pit. Blo•k on left 
aft erw ards becam e the in ner pinnacles. 



F igure J2 . Jul y 17, 1923, 11 a. m. New lava cup 
,md foun tai n at top of de bris s lO])P, mak i11g 
cascade and pool in botto m of Ha lemaumau. 
Source 194 ( et a bove bottom of Cunnel. 

Figure 13 . Jul y 21, 1922. Ch urn drill at work on eastern 
la va fi eld of Kila uea floo r. W aldron's Ledge and Volcano 
House in di stai. ce. Road m ade across pahoehoe lava in 
foreground. P.holos-J aggar. 
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substance as discussed above, must be lower lhan lhis plug. IL probab.ly 
occupies a crack aml its rise and fall under the plug is dependent on the 
squeezing together or oulling apart of tlie walls of this crack. There is 
lhen a transition no t far clown from the concentric funnel to the bi lateral 
crack. This will permit the under magma to have length-w.ise extension in 
one azimuth, and the probable azimuth at Kilauea is that of the Uwekahuna 
iault zone (1920 rift line). 

If all the mechanism of lake lava and crag lava, pahoehoe and aa, 
shallow foam pooi a!ld gas-free bottom paste can be kept up by a small vent 
lme, the talus cone of July 17, '"fter the ·1at·er becomes wholly SU!)merged, 
then it would appear that all the Halemaumau changes a1e merely the 
uansformation of a jet of pahoehoe lava pumped up the side of the 
botlom o", the funnel by the internal gas expansion of the lava itself. The 
deeper magma with its gas s comjnessed and in solution, is therefore 
considerably more than 1000 feet down. 

One other feature of the low r walls of Halemaumau 600 to 900 feet 
down deserves some comment. '.rhat is the earthy decomposed appearance 
of most of the wall mat ter at these low levels. There is muc.h red oxidation 
and whitish solfataric stamrng. There was a time about 1888 wl1en Hale­
maumau was a triangular depression a mile across, and this eart iy matter 
may be the tatm, of tha t period buried by later laYas. 

Another possibility is that the acids and acid salt solutions such as 
formeu in the P ostal Rift cav rn of 1919, are washed down by rain water 
through the vo1ous lava sheets, reaching maximum concentration at 600 or 
800 feet of depll:l. A layer of sulphuric acid concentration would bnng 
about notable disintegration of these ferru~,nous and porous roc:ks. The 
condensation following each lava fl ow pe1iod produces large quantities of 
a,J,cl, and to judge from the salts in hot caverns the r>roce s continues f 01· 
years. At .the hot solfataras rock shell s are completely decomposed in a 
iew weeks. It seems likely therefore that such decomposition is at a 
maximum some distance underground. 

In connection with the borings in progress this suggestion is interest ing. 
Borings mw the Kilauea floo r may pos.sibly yield cores of highly a ltered 
and mwera uzed rock from depths of 600 to 800 feet. 

JOURNAL JULY 1922 

July 2. From 10 a. m. to 12 noon Halemaumau was very quiet wi t ll 
some sr,:all fallr, of rock from thE: walls. The pit was clear. The west 
talu,; near lhe bot,cm appeared t o round downward from a flatter slope 
abtJve. Fume at soulilwe::;L ch,csm puffed up at times as though very hol 
and smelled sl!ongly of sulphurous acid. Scorching hot air rose along 
the iaul t cracks back ot: tile we!:.t bench. Son,e glow at mght was reported 
in statned bowlderb in southwest_ chasm. 

Ju iy 6. In forenoon stations had been located and a survey was made. 
DaLmu s,atwn 1101 t11east rim of pit was now 3716 feet a bove sea lev I. The 
fonner station had been 11 feet higher. Mean eleYation of five rim stations 
before was 3732 reel, now it is 3'/14, a loss of 18 feet. The new stalions 
are 100 feet back f1 om the old run of pit, and as the lope outward from 
Lhe pit is downward, the caving away of the 0ld edge left the new stations 
Jo-vier. Indeed on tha southwes l side a band of old nm 500 feet wide had 
cullapsed. Bottom of pit was 861 feet bel.:iw northeast rim station and 
28-.,5 feet above sea leYel. W idth of pit at upper rim was 1485 feet nor1 h­
wcst-soc1theast, and 2000 feet northeast-southwest. The ground plan was a 
po,n ed ovr i with the pomt at southwest chasm. 

'l.'he iava column under the pit appeared to be stationary. One fall or 
rock fell from the iower south wall where the cliff is very straight and 
u1 .1gbt. Such a valanches as occurred were f ·om the walls above the talus, 
Lh0 !alter 1 en..aining qme ancl in adjustment. The s:mth-,:outheast wait 
uudP.r the remnant Of p1 essure ridg at upper rim, had brolrnn away as an 
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upright cyclinder of smaller radius thab the pit as a whole, as though a 
well existed there under the talus at the smoking place where the lava 
of southeast arm was last seen. 

The focus of the talus slopes, however, was out in the center where 
four or five distinct heaps wer arranged in a rosette around a north-sou th 
valley bottom about 40 f et long. The thin blue ve il of smoke rising from 
the pit came from a. very few . light smoke ho!es at upper edges of talus. 
·wans of pit were pink with avalanche dust and so was all the leeward 
·country. Following the rim from road terminus on east side around to th 
souLh, the observer met first a small remnant of the eastern end of south 
pressure ridge at southeast margin of pit. The edge next west is a high 
sl ag neap r emnant from 1919. Then comes the southwestern embaymen t 
with Lhe pinnacle ledge standing out as a huge castle-like mass and then the 
fault bench extending the who le length of west side of pit. This is where 
the backslope or the wes t niche rampart of 1894 had been a.nd here now 
are crevasses omitting scorching hot air. North of the pit may be recognized 
the 1921 fill of the north niche with a slight ·shelf in the wall below cor­
responding to the ·econd shelf of 1920. The northeast r gion is the fla t 
that was an overflow pool in March 1921. Next come the hillocks and 
driblet heapings th ::i l were a slag-heap center in 1919, and th ·s brings us 
back to the road terminus. 

No caverns are reveal d in wall of pit except at the extreme top south­
west. Sol fataric staining is seen far down the south wall and many of 
the layers are massive and h "'avy like int rusive silis. ross dykes anti 
oblique instrusions were visible in places, but always concentric with th e 
pit and dipping at high angles. Radial vertical dyk s are wholly absen t. 
'l'he oblique dykes sE::en appeared to be the filling of oblique upward breaks 
along old funnel ways like the fo rmer Postal Rif t or the present western 
creva ses. It was up such a circumfere11tial crack that the Postal Rift 
nows emerged in 1919. The 1920 rift flows came up a ra.d ·a1 break of 
altogetil er different urigln. 

Juiy 6. At 6:30 p. m. a light avalanche cloud bung over Halemaumau, 
and mnrked fume in two jets was unusually conspicuous over Mauna Loa 
su.:nmit, makin g a tl iffuse mush :·oom above. 

Jui y 7. At 10: 30 a . 111. no ehan ge cf conditions was observed in Hale­
maumau. A careful study of the pit showed that the wall tended to form 
four . mbayments parallel and iit right a ngles to the sou th west r ift line. 
'l'h re was a smoking place and a vertical crack at the top of nor theast 
talm, corresponding lo cha rift. There was smoke in all four lobes at top 
of talus. Thre bloc.:ks which had slipped down for.med inn r pinnacles in 
we!:>tern part of pit and solid ledge pro tmded thrnugh the talu two- thirds 
of Lhe way down to ~he bottom on both nor th and south side of the 
imerior and again sti ll high r up in the southern t«lus. Everything indicaterl 
tha t the rock wall was funnel-shaped. The most cont inuous vertical wall 
was at the sou theast. 

J uly 8. At 11 p. m. the glowing area in southwest chasm was seen to 
affect sulphur stain d bowlden; in a zone 4 fee t wide and 25 feel long. The 
glow was between the bov:lders. varying from dull red to bright cherry 
red. 'l'he hot cracks back of west fau lt bench were examined for glow at 
night but no glow could be een. 

J uly 11. At 9 IJ. 111. h e glowing a.rea in southwes t chasm was larger 
than before. AYalanches fell f1om north wall of pit. Th hott.es t cracks 
a t the west were again examined and glowing sparks w.,re seen to ris e from 
two of th e cracks. 

July 12. At 11 p. m. glow had ext end d itself ove r most of the bro!, en 
rnclt at Lhe end of the southwest chasm. Next the wall there was a bri ;;ht 
glowing patch n arly two feet §quar and the 1921 tunn :?I a bo\'e had -b~­
come \"ery bot. The glow in the chasm was easily seen in br ight mooulight. 
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J,uly 13. At 10:30 a. m. an avalanche -at the pit made a rumbling noise 
and sent up a dust clond. Al 7 p. m. no change was perc plible in the 
bottom area. After dark the glow in southwest chasm was seen to be an 
elongate zone following the yellow-stained smoking spots in the talus and 
the contact of talus and wall. The glow was entirely invisible by daylight, 
but became a bright cherry red at night making the talus look like a bed 
of coals. The area glowing was about 70 feet long. 

J uly 14. At 7 p. m. the glow in southwest chaslil appeared less U1en 
before. 

Ju ly 15. A few light avalanche clouds were seen over south end or 
Halemaumau. 

J,uly 16. Avalanche clouds increased in number and became bigger 
towards evening. 

Ju ly 17. At 1 a. m. the seismographs showed a sudden slight develop­
ment of .harmonic t1·emor and at 2 a. m. a night watchman reported glow 
over Halemaurnau. 

At 7:30 a. m. lava was found flowing from top of talus in the south­
east niche of the cliff and cascading down to a flat black pool that already 
occupied considerable area in bottom of pit as in the cas of ,Makaopubi 
May 28. The vent was a lava pot with built-up edges enclosing a vigorous 
fountain that threw spray 30 feet into the air. There were growling, 
splashing and rumbling noises. Streams of the trickling type maae a 
n a rrow zone of black lava down th e slor,e, having tendency to fork out and 
distribute. The red ribbons of melt were runni n"' moderately fast and 
forming festoon at the bottom. The pool below showed a few zigzag 
bright-lines and live toes around the edges invading the talus. One or two 
fountains developed at northeast side of pool. Some places around thP. 
edges appeared like aa lava and the spatter mate rial of the source cone 
was scoriaceous. Just as at Makaopuhi the activity and volume diminished 
during the day and at 5 p. m. there was little fountaining visible in the 
pot and the trickle flows had narrowed and crusted over. The pool still 
exhibited live Loes at its edges. Fume remained thin and the only odor 
was of sulphurous acid. There were slight rock falls, mostly from above 
the source con anu some of these in the evening broke the cone open 
revealing sluggish lava below the orifice. 

The measurements at 11 a. m. made the source cone 667 feet down, 
the new bottom 00 feet down, and the cone vent accordingly 194 feet above 
the previous bottom which it had fill ed. Dimensions of new pool were 
490 feet north-south by 380 feet east-west, and the cascade belt was about 
100 feet wide. 

Ju ly 18. At 2:30 p. m. the new lava appeared dead. The crusted pool 
consisted of flat black pahoehoe. The zone of cascade ribbons was wider 
than at first and smoke rose from the source cone but no lava was seen 
in motion. There was ev idently lava in the cone at nig.ht ror it made a 
pale pinkish-yellow light over south side of pit. 

Ju ly 19. At 9 -p. m. there were several small avalanches. Glowing 
cracks traversed the pool , especially around the edges, and the surface 
appeared swollen and one or two trickling to es ,vere visible at the edge. 
There wtire glowing cracks in the cascade s lope and from the source pot 
lava pray and splashes spurted out. An avalanche sent up a du t cloud 
and broke crust of lake so as to cause a foundering and produce a 
pattern of big cracks aud many fern-like glow lines. There was some 
fountaining and numerous border flows penetrated the talus. Shortly after­
wards the crust thickened and the pit became very dark. 

July 20. At 4 p. m. lake appear d larger than before and its crust was 
sagging. The source pot had bui lt up a cone 10 feet .high and was now 
fl1ngi11g spray 15 feet into the air. Small rock falls from the south wa ll 
continued. Three trickle flows had broken out from th~ ba e of U1e cone 
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and were moving down the slope a long the western . side' of the frozen 
cascades. 

July 21. Ai 3 p. m. the cone was throwing up light blebs of lava. The 
pool was inactive. At night there was glow. 

July 22. Cone was par tly covered with avalanche debris. Pit was 
dark at nigh t. 

July 23. Ava.nlanches fell from north wall between 9 and 10 a. m. 
North side of floor was le[t covered with avalanche dust and a large new 
slope of talus overlapped the floor lava on that side. The source pot south­
east was jumbled and half buried under debris, its remnant smoking and 
making an occasional weak puffing noise. No glow could be seen in day­
light. There was much dust in the , air. 

Ju ly 24. At 3 p. m. the pit was clear and the pool was found to have 
broken up and swallowed its crust since the previous day. This left the edge 
of the previous surface a dusty bench 10 feet wide and 4 feet high around 
the pool and the latter was covered with black blist ered crust. The cascade 
slor,e southeast was dusty but the pot on top had changed Lo a small 
orifice two feet in diameter showing orange glow in daylight. It was not 
spitting nor . puffing. Some fresh caving in was noticed at the 1921 cavPrn 
southwest on top o[ the cliff. 

July 26. At 4 p. m. there were ~mall avalanches and the source cone 
was coughiug at long intervals. 

Ju ly 28. At 3: 30 p. m . the smoke at source cone was whitish yel'ow 
and denser than before and in sunlight the glow was not discernible; one 
purr was heard here. A little fume rose at the lowest sag at the north 
talus. More fallen stones lay on the cascade slope. A small fall of rocks 
occurred at the north cliff. '!'here was dust over the newest surface of th'? 
lake, and the fume from pit as a whole had increased. There was no 
glow over pit at night. 

J.uly 30. At 4 p. m. there were small rock falls from the south wall and 
much smoke from source cone and southwest solfatara. Night view showed 
glowing places inside of pit. 
· At the end of July H:ilemaumau was quie t and dark except for a few 
small avalanches. Fume as a ,\·hole was thin and the Java column appeared 
to be stationary or slightly sinking. 

LAVA MEASUREMENTS 

New surveying stations on edge of Halemaumau were completed and 
occu_11ied July 6 and the dimensions measured have been cited lo the 
J ournal under the dates July 6 and .Ju ly 17. 

Progressive changes expressed as de]Jression below new northeast datum 
station (3716 feet above sea-leve_l) were as fo llows : 

Bottom of pit 
May 26, 2: 30 p. m............... -648 feet (lake) 
July 6, 11 : 00 a. m............. -861 " (debris) 
July 17, 11 :00 a. rn............ -803 " (pool) 

The filling of the bottom cup July 17 amounted to 58 feet vertically i'l 
n ine hours between 2 a. m. and 11 a. m., averaging 6.5 feet per hour. This 
all · came from the s ide caseade. Cascade lay on a talus slope and its 
!lOUl'Ce at top of talus was 136 feet above sur face of pool, and 274 feP,t 
horizontally southeast trom junction of cascade and i,ool. 

The filling of this pool was illuminating in showing what a lar ""e 
voiume of liquid lava can be produced by a single small vent in a sho:·t 
time. 

SE IS M OM ETR IC RECORD 

Dming the moath ending midnight July 31, 
earthquakes and onr. te leseism were recorded at 
and other earth movements are exhibited below. 
indicated by the instrumental record is stated in 
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1922, twenty-nine local 
the observatory. Thest> 
Dist<tnce of origin whrn 
English miles. Time is 



Hawa.iian Standard of meridian 157° 30' ~. 10 h. 30 m. slower than 
Greenwich. 

Local Earthqualres. 
July 1.. .......... 4 :09 a. m. 

2 ... _...... . 9 : 27 p. m. 
10:19 p. m. 
11 :31 p. m. 

3 ............ 8 :06 p. m. 
8:13 p. m. 

4 .... ........ 10:45 p. m. 
5 ...... ...... 4:55 a. m. 

4:56 a. m. 
9:15 a. m. 
5 :44 p. m. 

6 ............ 8:58 p. m. 
9 ............ 5:22 p. m. 

5:40 p. m. 
11...- ....... 3: 12 a. m. 
12 ............ 1:17 a. m. 

4:fi4 p. m. 
13 ............ 10 : 30 a. m. 
14 ............ 10 : 31 a. m. 
15 ............ 8:52 p . m. 
·18 ............ 4 :36 a. m. 

4:44 a. m. 
20 ............ 7 : 5 p. Jil . 
22............ :47 a. m. 
23 ............ 9 :43 a. m. 
24.. .......... 4: 59 p . m. 
27.. .......... 10 :26 p . m. 
29 .. .......... 11 :38 a. m. 
31.. .......... 4:22 a. m. 

Teleseism. 

Very feeble. .. 

, distance 5 miles. 

F eeble, distance 2½ miles. 
Very feeb le. .. 
Slight, distance 25 miles. 
Very feeble. 

u u 

Slight, distance 24 miles F elt locally. 
Very feeble. 
Feeble.' 
Very feeble. 

July 2 ........... . 3: 13 a. m. Moderate, dis tar ce 2300 miles. 
Spasmodic M icrotrernor. 

This type of tremor by 
follows: 

weeks, beginning July 1, was registered as 

July 1· 7 ..... .......... . 
8·14 ............... . 

15·21 ............ ... . 
22·28 ............... . 

Harmonic M icrotremor. 

Slight. 
Moderate. 
Slight. 
Moderate. 

This type of trem or was extremely sligh t throughout the month, being 
scarcely delectable except on the 2nd a nd 17th. 
Micr.oseism ic Motion. 

'rhe amplitude of microseisms was s light throughout the month with 
th exceplion of moderate on the 9t h. 
T ilting of the Ground. 

l:ly week this movement was as fo llows, expressed as angular change 
and di rection of motion of plumb-line : 

July 1- 7 ................ 3.1 ·econds ESE. 
8-14 ................ 3.2 " SW. 

15·21... ............. 3.2 E . 
22·28 .. .. ............ 2.0 SW. 

T . A . JAGGAR, 
Volcauologis t. 
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l<.ILAUEA .e,ECTION 
O F" 

HAWAII NATI ONAL PARK-

-----------.: l ·- . 

Bln •·k lo<":Jtinn o f Obsen-atory. 

All exchange• ghould be addressed 

HAWAIIAN VOLCANO OB ER,ATORY, 

Volcano House P . 0., Hs,raii. 

_The 9 bsenstory is equip~ with the following 
1eismometrlc instrumen[s re oilt a , lh~ station in 
191 f or th e specia l needs of ~oleano esesrch: two 
Bosch•Omori pendul ums. bl h-speed registra t ion of 
lorn! rnrthq unkes: one op ·cany recording sei&mo· 
p-nph for di~tant ea:rthqnd,es : on e clinograph register• 
mg E-W t ,Jtang of the on d A venical component 
"' e ismog raph wns in D ecembe . 191 . ~e&. up in ex­
perimental operation . Th e are sea ed on concrete 
pier. in a closed banmer,t ~m haring procticnlly 
constnnl tempera e.. ~ eath lhe chief Observatorv 
building near the o Time is referred to a rated 
chronometer, checkt>cl a intervals by wir eless signal 
from the P earl Huho . · aval ta tion. Th e chrono• 
mater is loant>d by he Uninr11ity of H a waii. H a· 
"'niinn s a-ndard time CH. S T . ) is 10 hrs. 30 min. 
slower tha n Gre,, ..-ich time. Ohse.r,,.ator~• Lat. 19° 
25' 54.2w N · Lo""· 155° 15' 89.2" W.: Elevation 
1214 .6 meten; ( 39 5 feet). 

HAW.A.TI NATIONAL PARK. 

Th is park ,ra cren ed by act of Congress August 
1. 1!116. a d includes three famous volcanoes-Kilauea 
&nd fauna J,oa on H a-..--aii a nd Holeaknla on Mnui. 
Fnqnen t p enger teamers ply between these islands 
11.rici Honnl11 h1 . 

H aleakala Sectlon- Ra leakala, ''house built b y the 
sun '· a pea k mnre than 10,000 feet high , c&rries an 
immense nssnr e-like crater miles long and 3 miles 
wide. with walls '!000 feet h igh . Here, as well ns 1 
on Maun a Lnn a nd lhnna Kea. grows the Silver 
SwoTd ( .~rg_,·roxipbi11 m ) ThirtePn volcanic cones lie 
w~on,- w1th,n th e ':r a ter . some r ising nearlr to the 
he1ght of thr l!n, mm1t. The s~ene at sunrise is mo.r­
vrlnu slv bPn11tH11l. 

Wailnku is the point of depnrture. automobiles tak• 
ing the tra,1 clor to Olinda, 11 su mmer residence set• 
tl ement 4048 feet h igh . After 2 hours drive to this 
poir, saddl• horses are taken to the aummit a ride 
,,.1 't 1'. honrs. Here is a 6ne concrete rest honse 
b~ilt . by the citizens of Maui, and fully equipped 
wnb iron beds, blanket•, stoves and cooking utens ils, 

nna Loa Sectlon-Mauna Loa. a vut dome 
J.i.. . f"', 1 hll:h. 1 t:tu.:ht•d through forl!sts of .lia· 
w-s n a.n mahoran)' ( koa.) •nd t.rfl• fern . then up bril· 

lio ntl, rolor ed lava slopes, hne a summit crater 9 
miles long by 1 ½ miles wide, with walls 700 feet 
h iS?h, and when in action fountains of fire froth are 
here jetted 500 feet into the air. Ever.• five or ten 
years splendid spe tncles of lava ernptio·n are staged 
on the mountain , sometimes from the lower fl nnks. 

Ther e are trail's on the Kona side, and also fr om 
the southwest, bu t the usual an d best route is with 
• -•~tlle ,,. . les from th e Kilouen section to P uu Ula• 
ula (9800 feet), a r ide of six hours. Here th ere 
is a full,· eqnipned cottage with stahle• and water 
snppb·. F rom this point on the second day a four· 
hour rid e takes the visitor to the summit crater 
wh ere there is water. A rio;ht of way within th e park 
connects Kilauea with Maunn Lon. where eventually 
n road will be constructed . The Yi ews are glorious 
and the chasms, cones and contorted loves indescrib­
abh· chaotic. 

_ID_lauea Section-The lakes of foamin g ilery lava 
w,thm the crater of Kil auea form lhe most spec· 
tacn lar e~hibit in the Hawaii Nation al Park. if not 
in the world . The pit of fire. Halemaumau. is inaide 
of th e mai n crnter. at the apex or a broad, lint, inner 
cone. Kiln11 en is a dome volcano 4000 feet hi gh 
overridd•n bY th e lnYa slopes of Mauna Loa on the 
"'"~t so lhflt it spem~ h .. t n s , ,,r "' the greater, and 
perhaps younger, slag-heap mountain. 

'l'h• K ilnnea Park an d th e inn er pi t itself ar• 
both renrhed direct! ,· b,· au tomohil c from Hilo, the 
secon<l cit)• of the 'l'crritor.v nf Hawnii. nn<l then 
nro excellen t hotel accomm odations. The dis tonee 
from Hilo is 30 miles. Within the p nrk there are 
15 miles nf r oads and about 20 miles of trail s . As 
shown on t he map. there are a dn1.en ancient p ' t s 
within the area nf the park , as well a s conns. cg ver ns 
and hot solfn t aras an<l a str ange de•ert wh ere Java 
flows have poured out of cracks os r ecently as 1!120. 

'l'he Jive pit of Hnlemaumou is easily nrcessihle 
nnrl not dnngerons. Frequently one can w.nl'k to the 
nr.tnnl edJ?e of th e splashinJ?. fou ntn in inJ? lnva Jakes 
the )Rt'& ~olumn risi!1g. an<! fnllin~ frnm yenr t'l yea; 
so that 1ts most di s tinctive charncter is re'tsel ess 
chan ge. At ni i<ht the spectacle is full nf mnrvelous 
colnr, and the reJ?ion is a paradise fnr nrt ists. pho tog• 
rnphers and naturalists. 

The several sect ions are und er th e contrnr of the 
National Park Ser vice of the Department of the In ­
terior. The United States Weather B·urenu main­
tains the Hawaiian Volcano Observator y. whirh 
st ands on the brink of the ereater crater within 
the Kilauea Park. 
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PRELIMINARY TESTS OF THE GASES AT SULPHUR BANKS 

HAWAII 

By EUGENE T. ALLEN 

August 1922, I was privileged, as a representative of the Geophysical 
.l. aboratory in Washington, to carry out some tests from the chemical,
r ienoint in connection with the interesting boring operations which have 
pc,,e,..711-1Y been undertaken in and near the crater of the volcano Kilauea by 

'lessor Jaggar. 

At that time three holes had been sunk; two at the Sulphur Banks 
on the crater rim. 22 feet and 50 feet in depth, and one on the floor of 
time crater, 80 feet in depth. Temperature measurements were made in 
(..8e bore-holes with a maximum thermometer and experiments were also 
h„lried out with an alumel-chromel thermocouple in expectation of tern-
*'atures later on which might be beyond the range of a maximum thermo-
in'tor. 
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It was a surprise to me, as no doubt it will be to others, to find that 
the temperatures in these bore-holes at Sulphur. Bank showed no marked 
gradient; they were virtually the same from top to bottom. 

I had not anticipated that the drill holes like natural fumaroles would 
serve as vents for escaping gases, constant currents of which keep the 
temperature equalized. At the Sulphur Banks where steam pours from the 
bore-holes at some velocity, the temperature is about 95.5° C, corresponding 
very nearly to the boiling-point of water for that elevation. 

The rainfall on the northeast rim of Kilauea is higk (103 inches per 
annum) and the ground remarkably porous. The rain-water penetrating 
into hot ground would naturally be evaporated by volcanic heat and returned 
to the surface as steam, the temperature of which would depend on the 
elation of the heat supply to the water supply. The fact that the ten" 

perature in the drill-holes is kept down to that of boiling water indicates 
that the water supply is great enough to keep some liquid water in con' 
stant contact with the steam as the conditions are in the boiling process' 

Along with the steam other gases are escaping, as we infer from the ,
odor of sulphur dioxide and from the deposition of sulphur at the sitrfaCe 
of the ground. These two gases (SO2 and Sl are in all probability volcanic 
since they are also found in the liquid lava of Halemaumau. 

Gases characteristic of fumarole regions like the Sulphur Banks are of 
interest for a number of reasons. A knowledge of their relationshiP t° 
the gases which escape directly from the lava would be highly desirable. 
It would enable us to say whether the composition of the gases is an 
index of volcanic activity and might conceivably prove of practical value' 

Fumarole gases also serve as the active agency in the often extensi ve 
alteration of rocks to the clay and other products which occur in all fin°• 

role regions. Professor Jag-gar has recently found in the borings at the 
Sulphur Banks pyrite (or possibly marcasite), a mineral which rareli.s; 
occurs in this region. The pyrite is in all probability a product of actione,/ 
of the fumarole gases on the lava, and it was with this problem in vi 
that I attempted an analysis of the gases. 

The Gases of the Sulphur Banks 

In 1910 A. Brun of Geneva made a number of partial analyses of these 
gases, but a consideration of the methods he used and some tests of 01-
own convinced me that further investigation was desirable. Next to the 
condensation of steam the most conspicuous characteristic of the Basel 
is the odor of sulphur dioxide either at the drill-holes or at the natutP; 
fumaroles. The odor in 1922 was obvious to anyone, yet Brun says,Q 
(1910) no sulphur dioxide occurs here. Sulphur crystallizes where 0'4 
gases emerge from the ground and the water condensed from the gases of 
always milky with sulphur. Lead paper (paper soaked in actetate the 
lead and dried) is decidedly blackened whcn brought into contact with !nil 
gases. This test is generally assumed to indicate hydrogen sulphide, which 
at the temperatures prevailing at the Sulphur Banks, is incompatible swi. 
sulphur dioxide. Tests made at the Hawaiian Observatory on the con,,f 

':dcnsate from the fumaroles with cadmium chloride gave no indication pi 
hydrogen sulphide. Later the fact was established that a mixture of stea 
sulphur dioxide, and sulphur vapor does not blacken lead paper. ft 81 
therefore certain that the gases of the Sulphur Banks contain some tintls"de, 
constituent, probably a compound of sulphur, possibly carbon oxysniPill 

* Recherches sur l'exhalaison volcanique. Paris and Geneva, 1911, P. 251. 
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As roon as it had been ascertained that the gases from the drill-holes 
responded to the same tests as those from the natural fumaroles, attention 
!las focused entirely on the foimer because the groend around them was 
oetler adapted to experiments and the greater velocity of the gases from 
the drill-noles lessened the chances of contaminating the gases by air. The 
drill-holes were encased with iron pipe for several feet from the surface, 
but any possible ile.nge in the composition of the gases which might result 
from their contact with iron was avoided by the use of a glass intake tube 
Which was thrust down to a point several feet below the end of the casing. 

Determinations were made of the steam, sulphur dioxide, and sulphur 
vapor, which together made over 96 per cent. of the eases, while samples 
Of the residue were sealed up and taken to Washington for further study. 

Determination of Sulphur Vapor. In the determination of sulphur vapor 
the gases • were aspirated through a couple of small glass cylinders in 
series. The capacity of each cylinder was about 125 cc. The first„ in 
Which most of the water condensed, was kept cold by standing it in a (11:11 
ut ice water. A small measured quantity of water was poured into each 
Tinder at the start to aid condensation. At the end of the experiment 
(0040 minutes) the volume incieas,e was determined. This is due almost. 
entirely to water which is calculated into steam at 95.5°C and the pressure 
corresponding, about 646 mm. 

The water, milky with preciaitated sulphur, is now washed into a glass-
stePpered bottle and left to stand for some days, with shaking at intervals, 
Until the sulphur is filterable. It is then filteree on a Gooch fil.er, washed 
slid dried to constant weight in a desiccator over sulphuric acid. This is 
quite accurate enough for present purposes, but on some accounts it would 
he interesting to cmitrol this result by o7-idizing the sulphur to sulphuric 
acid, precipitating the latter as barium sulphate, and weighing. 

The volume of the :•ullthur vapor at 95.5' and 646 mm is easily computed 
When we remember that the mo:ecul- of sulphur at low temperatures iA Sg. 
lie numerical data and results follow: 

1. Water condensed at oi dinary temperature=191 cc. 
Volume of steam at 95.5° and 646 mm = 371900 cc. 
Weight of sulphur collected = 0.110 g. 
Volume of sulpion• vai.or at 95.5' and 646 mm =15 ce. 
Volume of sulphur vapor to 100 volumes steam = 0.004. 

2. Water condensed at ordinary tempe7ature•7 142 ec. 
Volume of steam at 95.5° and 646 mm = 276500 cc. 
Weight of sulphur collected = (Lgro-g. -eir5 
Volume of sulphur vapor 95.50 and 646 mm -11.7 cc. 
Volume of sulphur vapor to 100 volumes steam = 0.004. 

Average = 0.004 volume s,, Iphur vapor to 100 volumes steam. 

Determination of Sulphur Dioxide. The determination of sulphur dioxide 
,,Pquives an appaiatw; sim.lar a. that used for free sulphur. Here a glass.
1!,1:ilt of 750 cc capacity is added to the train. The latter contains 100 cc 
,,.f 1-1811C soda solution of 20 per cent strength and the cylinders 22 cc each
auf the same solution. In experiment [2] only one cylinder was used. The 

1111)hur dioxide was dissolved with the formation of sodium suiphi.e, thef . 
,:e0 ulpher forming at the same time thiosulphate and polysulphide. At 
0
`.11c end of the experitnent the increase in volume, which is due almost 
,tirelY to the condensation of steam, is measured and from this figure the 

„u ginal volume of steam computed. At the observatory later the whole
Solution was diluted to a measured volume and aliquot Nuts taken for 
tthrlalYsis. The sulphur in the alkaline solution was first oxidized to sulphate

3,. 11 boiling with hydrogen peroxide ("dioxogen"), then acidified and Preci-
11 ),Itated as barium sulphate. Thus the whole amount of sulphur was found, 

1e amount of it originally existing its free sulphur was subtracted and the 
::Inainder computed to sulphur dioxide at 95.5' and 646 mm. From these 
"a the ratio of the sulphur dioxide to water was found. 
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1. Water condensed = 218 cc at ordinary temperature. 
Volume of steam at 95.5° and 646 mm = 424.5 liter. 
BaSO4 found (1,'5 of the solution) 0.831 g. 
BaSO4 from free sulphur .186 g. 

BaSO4 from SO2 .645 g. 
Total BaSO4 from SO2 3.225 g. 
SO2 equiv. to BaSO4 .885 g. 
Volume of SO2 at 95.5° and 646 mm 480 cc. 
Volume of SO2 to 100 volumes steam 0.11 

2. Water condensed = 215 cc at ordinary temperature. 
Volume of steam at 95.5° and 646 mm = 418 liter. 
BaSO4 found (1/5 of the solution) .679 g. 
BaSO4 from free sulphur .184 g. 

BaSO4 from SO2 .495 g. 
Total BaSO4 from SO2 2.475 g. 
SO2 equiv. to BaSO4 .679 g. 
Volume of SO2 at 95.5° and 646 mm 367 cc. 
Volume of SO2 to 100 volumes steam 0.09 

Average L--_- 0.10 volume sulphur dioxide to 100 volumes to steam. 

Ratio of Steam to the Remaining Gases. The ratio of steam to fixed 
gases was determined by measuring the volume of non-condensible gas 
which accompanies a measured amount of condensed water. The intake 
and the two cylinders for the condensation of steam were used as before, 
but to the second cylinder was tightly connected a gas collecting tube 
(capacity 250 cc) with a glass stopcock at each end. The collecting tube 
was supported in a vertical position with both stopcocks open. The upper 
end of the latter was connected by a good rubber tube directly to a tight 
metal aspirator of measured capacity (about 10 liters). The aspirator via' 
filled with water at the start and a pinch cock on the rubber tube connect-
ing it to the remainder of the train enabled the operator to control the 
flow of the water. When the water flowed out the fumarole gases of coor,se, 
flowed in, gradually displacing the air in the train and following it into the 
aspirator. At thc same time the steam condensed in the cylinders. Tile 
first cylinder was cooled at the start, but it was allowed later to become 

hot enough to drive out practically all the carbon dioxide. The second; 
cylinder, in which little condensation occurred, remained cool and the gag 
collecting tube cold so that the water was condensed with negligible loss; 
The volume of steam is calculated from this as before and the volume 2(1f 

. 
the fixed gases CO2, N2, etc., is equal to the water displaced in the asPlig 
ator less the relatively small olume of condensed water. By taken 
account of the temperature of the gas, its volume at 95.5', that is. IL 
volume in the fumarole gas, may be computed, and thus the ratio of the 
steam to the fixed or "insolube" gases may be obtained. • 

av-edIn the same experiment it will be observed that a sample of the A A 

gases is collected in the vertical tube by displacement of air. At the en; 
of the experiment, this is confined by closing the stopcocks, the sample 
taken to the Observatory, transferred to a vacuum tube by displacemendt 
with hot water to avoid solution of carbon dioxide, sealed up and slliPPe 
home for analysis. 

* No correction is necessitated by the fact that the air in the intake it 
displaced by a volume of fumarole gas not compar:Ible to it on aceollhe 
of temperature difference, because the air is mostly displaced by t 
heat before the intakt is connected into the train. 
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The results follow: 
Determination of Fixed Gases 

1. Water condensed = 154 cc at ordinary temperature. 
Volume of steam at 95.5° and 646 mm = 154 x 1.947 = 299.8 

liters. 
Volume of fixed gas at 25.5° and 646-25 mm = 9.585-0.154 = 

9.431 liters. 
368.5 621 

Volume of fixed gas at 95.5' and 646 mm = 9.431 x 29— — . --8.5 646 
= 11.2 liters. 

Volume of fixed gas to 100 volumes steam = 3.73. 
2. Water condensed = 153 cc at ordinary temperature. 

Volume of steam at 95.5' and 646 mm = 298.0 liters. 
Volume of fixed gas at 17.8' and 646-15 mm = 8.935-0.153 = 

8.782 liters. 
Volume of fixed gas at 95.5° and 646 mm = 10.9 liters. 
Volume of fixed gas to 100 volumes of steam = 3.66. 

3. Water condensed = 148 cc at ordinary temperature. 
Volume of steam at 95.5° and 646 mm = 288.2 liters. 
Volume of fixed gas at 20° and 646-18 mm = 9.885-0.148 = 9.737 

liters. 
Volume of fixed gas at 95.5° and 646 mm = 11.9 liters. 
Volume of fixed gas to 100 volumes of steam = 4.13. 

4. Water condensed = 152 cc at ordinary temperature. 
Volume of steam at 95.5' and 646 mm = 295.9 liters. 
Volume of fixed gas at 21 and 646-19 mm = 9.385-0.152 = 

9.233 liters. 
Volume of fixod gas at 95.5 and 646 mm = 11.2 liters. 
Volume of fixed gas to 100 volumes steam = 3.79. 

Average = 3.8 volumes of fixed gas to 100 volumes steam. 
Assembling the results: 

Sulphur vapor = 0.004 volume to 100 'volumes steam. 
Sulphur dioxide = 0.10 volume to 100 volumes steam. 
Fixed gases = 3.8 volumes to 100 volumes steam. 

The following composition of the fumarole gases is obtained: 
Steam = 96.2 
Fixed gases = 3.7 
Sulphur dioxide = .096 
Sulphur vapor • = .004 
Hydrochloric acid trace 

100.00. 
I wish to express my thanks to Professor Jaggar and Mr. Finch for

fLiriendly cooperation and assistance in this work, and to the University of 
'evraii, the Planteis' Experiment Station at Honolulu, and especially to 
Mr. Guido Giacometti 01 the Olaa Sugar Company for the loan of apparatus 
Which was used in this work. 
C'e!ophysical Laboratory, 
/plegie Institution of Washington, 

1'
ash in g ton, D. C.,
(', 111)4•r, 1922. 

VOLCANO CONDITIONS IN AUGUST 

Activity of Halemaumau. 
The end of July had left the pit quii , t with the lava pool crusted and 

,.11 Y and a few small smoking vents at top of talus heaps. The first
^e0c of August showed only such slight change as wound accompany a 
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moderate withdrawal or shrinkage of the lava column lying below the 
debris in the bpttom. The July pool had lost all signs of activity. Ava-
lanches of small size tumbled from walls of pit, and one fairly heavy fall 
of rocks in evening August 4 buried under its accumulations the sloping 
frozen cascade which in the July outbreak had fed the pool below. The 
vent at top of cascade was covered with rubbish, but smoke still rose 
there. The most notable smoke hole elsewhere was at the glowing patch, 
stained with sulphur, about 100 feet below southwest rim of pit. This was 
the only marked glow seen anywhere and the light from it was insufficient 
to illumine the fume above. 

By the middle of the month floor of pit was overlapped with new 
avalanche debris and dust. Avalanches continued to fall occasionally. Pit 
was a vast smoking cauldron, much bigger than the pit of the previous 
year with a flat lava floor 791 feet down surrounded by talus slopes on all 
sides. The slaggy cascade left in July on the southeast slope was now 
obliterated by avalanches, and even the smoking hole at the top was no 
longer to be seen. The wall higher up, however, showed some fuming 
300 feet above floor of pit. 

On the southwest side a very long slope of debris led up to the notch, 
pinnacles and benches where the 1920 rift tunnel lay buried under slopes 
of slide rock. Here there was ample evidence of live volcanic fire if the 
visitor looked down from the edge at night. At top of talus the cracks 
between bowlders glowed vividly like a bed of coals, and the same pine,' 
in daylight was yellow with sulphurous stains and f-mitting brownish fume 
smelling of sulphurous acid gas. The glowing patch was at least 50 feet 
long and followed contact of debris with wall of pit. Still farther north 
along the great crevasse west of pit scorching hot air was rising. 

The third week showed some increase of fuming at the southeastern 
wall with smell suggesting acetic acid. These smoking crack-: were 
right over the region that was fountaining and flowing with liquid lava In 
July. The field glass showed them to be making pale yellow stain on the 
walls high above the top of the debris slopes. The upper rim caved away 
making avalanches from a cracked area near the road terminus. Small 
falls of rock from eastern and southern walls were usually seen by visitors-

The western crevasses were hotter than ever and the fault bench 
between them and pit showed some signs of having subsided farther 
Everything in the pit was plainly seen as the fume was thin at all times. 
Indications were that the lava column under the pit bottom was sinking 
slowly, and so giving rise to the avalanches, the yawning cracks, and the 
great piles of debris that covered much of the lava floor of July. 

At the end of the month a yellow patch wet with sulphurous vapor 
appeared at the top of the southeastern debris slope, just about where the 
July lava spouted out. A jet of dense white vapor was now rising steadily 
from the cracked wall above. The eastern rim of pit had FO fallen away 
that the verge was only a few feet from road terminus. Two avalanches 
near noontime August 23 fell trom the pinnacles southwest, and sent 1.111 
conspicuous clouds of dust. 

It should be noted that at several places along the outlying circle of 
1894 cracks formerly called the Postai Rift there were now hot vapors and 
solfataric stains which had asserted themselves through the veneer of 1921 
lava. Near the old "Pele's Kitchen" north of Halemaumau acid salts were 
being deposited along cracks having a temperature over 200° C. the rock 
was intensely altered and blue sulphurous fume at this place was 111 
marked contrast to the white vapor of the ordinary cracks. Another Place 
of intensely altered lava and colored or white fibrous sublimates along this 
zone lay east-southeast from Halemaumau. 
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August 4. At 11 a.m. Halemaumau was found quite unchanged in in-
terior appearance. Fume was slightly denser, probably owing to heavy 
recent rain. Rock debris had increased at the cascade slope southeast. 
There was possibly slight decrease of heat at the western crevasses. A 
big avalanche occurred in the evening. 

August 5. In the forenoon the only notable change was the burial 
tinder debris of the July lava cascade slope southeast of bottom area. 

August 7. In the afternoon the cascade slope locality showed no 
remnants of the lava bank and smoke no longer rose there at top of talus. 
The wall above, however, formed an arcuate niche with cracks where a 
little smoke emerged. There was smoke also from top of talus north and 
northeast and from southwest chasm. Debris had rolled out on lava floor 
Where base of cascade lay buried. 

A test at the western crevasse back from Halemaumau rim with 
White paper dropped in the cracks, discovered that the paper yellowed 
81°1xlv in the scorching heat one foot down. A slip of paper dropped 12 
leet down a crevasse one foot wide blackened quickly. No odor whatever 
Could be detected in the hot air rising from the cracks. 

August 9. An avalanche at Halemaumau about noon made first a cloud 
(5 reddish dust, and thereafter much white vapor hung over the pit as 
Lnougii the finer dust were nucleating and making visible water vapor 
Which is usually quite invisible. 

August 10. There were avalanches during the day. At 9 p. m. no 
OW whatever could be detected inside the pit proper. At southwest fum-

11,g Patch at top of talus in chasm the glow appeared like a large bed of. 
'a.18. Fume over pit was somewhat variable but at all times slight. 

August 12. Pit at this time was usually very free from fume in the
;̀lorning, whereas more fume was apparent in the evening. This was partly( ue to the position of the sun, which from the Obseravtory lay back of 
thN Pit in afternoon, but there was probably increased condensation also. 
The fume from south wall was whitish, and that from southwest chasmti
13wn in transmitted light and blue when seen against a dark background. 

August 17. At 4 p. m. rock debris was found to have increased on 
southeast floor of Halemaumau covering one quarter of July lava surface. 
There was some increase of smoke from numeious cracks in the lower 

wall of pit, one vent being specially conspicuous. At the glow
locality of southwest chasm the yellow stain along top of talus extendedo 

ver a long area. The western fault bench appeared slightly lower. 
August 19. Measurements at 2 p. m. made bottom of pit 791 feet 

dOWn. A bowdler on the bench surounding the floor was 4 feet higher 
andthe smoke hole at top of northern talus was 40 feet higher still. Top

f  northeast talus was 522 feet below rim and the southeastern smoke. 
racks 490 feel below rim. 

There had been some falling away of the upper southeastern rim of 
and a few rock falls from the southern and eastern walls were ob•

poi
ric,i"d• An odor was perceived somewhat like acetic acid in the vapor 

'ng from the inner cracks. The southwest chasm talus appeared increas-
tVY stained yellow and hot air rose from a crevasse just north of this 

ng Patch. The fuming • patch smells strongly of sulphurous acid. 
4, n examintion with field glss o th souteast wal vent reveaed af ea l 
t'ailA crack sta ined pale yellow,aand the  wholeh wall fort 50 feet or more 

uve top of talus was fuming from other smaller stained cracks. The 
tOs itself was not fuming, and no trace of the July fountain vent wasizernible. At the smoke holes in wall at top of north and northeast 
th,stlaes there was more yellow stain. At the northeast and southeast vents
the Wall itself appeared to be smoking, whereas at the north talus and in 
b  southwest chasm the smoke and stain were distinctly among theowIders and along the line between them and wall of pit. 
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August 23. At 11 a. m. a yellow patch, probably iron sulphate, was 
.observeo at top of southeast talus about where the July lava had come 
out. There was a marked jet of vapor from crack in wall above. Ava-
lanches fell from the southwest pinnacles at 11 a. m. and 1 p. m. South-
east rim of pit was now only about 50 feet from the road terminus. 

SEISMOMETRIC RECORD 

During the month ending midnight August 31, 1922, seventeen local 
earthquakes and four teleseisms were registered at the Observatoi.y. These 
and other earth movements are exhibited below. Distance of origin when 
indicated by the instrumental record is stated in English miles. Time is 
Hawaiian Standard of meridian 157° 30' W, 10.h 30rn slower than Green' 
wich. 

Local earthquakes. 

August 4 12:02 a. m. Very feeble. 
1:48 a. in. 
7:40 p. m. 46 

9 11:31 a. m. Feeble. 
11:33 a. in. 

11 7:42 a. in. Very feeble. 
7:44 p. 46 

11:12 p. m. Feeble, distance 5 miles. 
11:13 p. m. Very feeble. 

14 8:02 a. m. id 

11:42 a. m. di 

14 4412:05 p. m. 
15 6:12 a. in. Feeble 
16 3:43 a. in. Very feeble. 
17 7:22 p. in. Feeble. 

id21; ....... 3:57 a. m. 
7:35 p. m. Very feeble. 

Teleseisms. 

August 7 2:19 a. m. Very slight. 
16 5:43 a. in. Slight. 
25. 1:38 a. m. Very slight. 

8:15 p. m. 

Spasmodic Microtremor. 

This type of tremor was moderate on the 1st, 15th, 23rd, 25th, and 
:11:.;ht on other days. 

Harmonic Microtremor. 

This type of tremor was practically absent throughout the Month 
except for a short period on the 31st. 

Microseismic Motion. 

TI:.• amplitude of miscroseisms was slight throughout the month. 

Tilting of the Ground. 

By weeks this tuce.entent was as follows, expressed as angular change 
and direction of motion of the plumb line: 

July 29-Aug. 4 0.9 seconds NW. 
5-11 0.1 " N. 

12-18 2.0 NNW. 
19-25 0.5 44 

S. 

Aug. 25-Sept. 1 2.0 ENE. 
T. A. JAGGAR, . 

Volcanolog18'" 
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ITAWAITAN VOLCANO OBSERVATORY, 

Volcano House P. 0., Hawaii.
The 

Lieem Observatory is equipped with the following
151 ri ;nettle instruments rebuilt at the station in
h5e0 the special needs of volcano research: two 
k,ai"tnori pendulums, high-speed registration of
Rreth !arthquakes; one optically recording seismo-
r,4;:.r distant earthquakes; one clinograph register-
aitrn w tilting of the ground. A vertical component
Dtrie1;41.,,,anh was in December. 1918, set up in ex-
Piqe Tull operation. These are seated on concrete
'obetit'n a closed basement room having practically

ai„nt temperatnre, beneath the chief Observatory
qten."It near the hotel Time is referred to a ratedIter,4111. suer, checked at intervals by wireless signal 
'",,,.tne Pearl Harbor Naval Station. hro4;;; la loaned by the University of Hawaii Ha-
ilaopei,r1 7andard time (H. S. T.) is 10 hrs. 30 min.

' 54,,tnan Greenwich time Observatory Lat. 19°
`4146'`" N.; Long. 155° 15' 89.2" W.; Elevation 

44'lers (3985 feet). 

HAWAII NATIONAL PARK. 

1/lisi, 151,1Park was created by act of Congress August 
includes three famous volcanoes--Kilauea 

thellient na Loa on Hawaii and Haleakala on  Maui. .Ll
iT„,,Pil7nger steamers ply between these islands 

!II7,411kala Section—Haleakala, "house built by the
:teen..ft Peak more than 10,000 feet high, carries an 

crater 8 miles long and 3 miles
•11, 11e,in14 Walls 2000 feet high. Here, as well as
*-̂ rci (.4 Loa and Manna Kea. grows the Silver
kthInar ‘a, rg-roxiphium) Thirteen volcanic cones lietlt ;Ith'n the crater, some rising nearly to thenv 

, the summit. The scene at sunrise is mar-ipi tokn^, tin
• 01, the point of departure, automobiles tak-

91erit r̀a,eler to Olinda, a summer residence set-
4043 feet high. After 2 hours drive to this

6 14'4;
1411P horses are taken to the summit. a ride

'lt Here in a fine concrete rest house, 
7 the citizens of and fully equipped 

. blankets, sto ves and cooking utensils.th 4ni bte(t Section—Mauna Loa. a vast dome 
‘liki tel high reached through forests of Ha•

i'lh^ltany (koa) and tree fern, then up bril-

Tra,/ 
5aconaary Tra,1 

L.A• 

4,, aora' 
• Cr /V. Crock • 

00undely 
//awe. 1Ydr/,anal PeeA 

C otelt 
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liantly colored lava slopes, has a summit crater 3 
miles long by 1% miles wide, with walls 700 feet 
high, and when in action fountains of fire froth are 
here jetted 500 feet into the air. Every five or ten 
years splendid spectacles of lava eruption are staged 
on the mountain, sometimes from the lower flanks. 

There are trails on the Kona side, and also from 
the southwest, but the usual and hest route is with 
saddle mules from the Kilauea section to Puu Ula 
ula (9800 feet), a ride of six hours. Here there 
is a fully equipped cottage with stables and water 
supply. From this point on the second day a four-
honr ride takes the visitor to the summit crater, 
where there is water. A ri",ht of way within the park 
connects Kilauea with Mauna Loa, where eventuall; 
a road will he constructed. The views are glorious 
and the chasms, cones and contorted lavas indeacrih 
ably chaotic. 

Kilauea Section—The lakes of foaming fiery lava 
within the crater of Kilauea form the most spec-
tacular exhibit in the Hawaii National Park, if not 
in the world. The pit of fire, Halemaumau, is inside 
of the main crater, at the apex of a broad, flat. inner 
cone. Kilauea is a dome volcano 4000 feet high, 
overridden by the lava slopes of Mauna Loa on the 

that it seems hut a spur of the greater. and 
Perhaps younger, slag-heap mountain. 

The Kilauea Park and the inner pit itself are 
both reached directly by automobile from Hilo. the 
second city of the Territory of Hawaii. and t ere 
are excellent hotel accommodations. The dis an -e 
from Hilo is 30 miles. Within the park there are 
15 miles of roads and about 20 miles of trails. xo 
shown on the map, there are a dozen ancien• p.ts 
within the area of the park, as well as cones, clv-ris 
and hot solfataras and a strange desert where 1-vn 
flows have poured out of cracks as recently as l' 20 

The live pit of Halemaumau is easily arce•si'ile 
and not dangerous. Frequently one can walk to the 
actual edge of the splashing. fountaining lava !aki.s, 
the lava column rising and falling from year to y"ar 
so that its most distinctive character is cease'ess 
change. At night the spectacle is full of marvelous 
color, and the region is a paradise for artists, photog 
raphers and naturalists. 

The several sections are under the control of the 
National Park Service of the Department of the In 
terior. The United States Weather Bureau ma-n 
tains the Hawaiian Volcano Observatory 
stands on the brink of the greater crater within 
the Kilauea Park. 
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PROGRESS OF BORI N G EXPER I MENTS 

Assembling the Shot D r ill : A u gust Work. 

No. 9 

During th e first week or Au o-ust the work of ha uling the churn drill 
out of .Kilauea crater was finished and it was sh ipped to Honolulu. Two 
men were sent back and two were kept fo r work on the Calyx Shot Drill. 
The ca, ing in Rule No. 3 on Kila uea floor, 75 feet long and four inches 
ins ide diameter , wa cemented in place and capped. 

'rile reduced crew of two men, Viiaikoloa and Kaili, worked August 7 
to 23 on s 0 tting up the trnctor· en gine as a power plant, and assembling 
the Cal:-,x drill with its tower, pump, .hoist and water-barrels. The place 
sel ect o,d for Hole ro: 4 is in the Observatory grounds 120 feet southeast 
of main building. Assembling the rig was slow because the machinery was 
rus t y, some repa ir;-; were necessary, and Lhe water piping required complete 
r enovation. The machine was placed at one side of a shed w.hich had 
been built for the purpose and tbe tower was erected above this shed; 
an opening in the galvanized iron roof permitted passage of cables, ropes 
and drill rods. 

The ovei·burden of ¥olcan ic ash and lapilli is here eight feet thick and 
the upper hoie bored in Lhis material was cased with 5-inch pipe surmounted 

· by a T-jomt that led to 1..llree settling barrel s in a trench connected 
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by piping. T.he third barrel was used as a water supply for the pump foot­
valve, and pipes with faucets were led over this barrel from several sources 
of water-supply. Three of these sources were from twenty-five new barrels 
in se1ies set up to catch the roof drip of t he outbuildings, and another was 
from the main tanks that constitute the Observatory water-supply. Of these 
there are now three 5000-gallon tanks receiving the roof drainage of the 
larger buildings, and one 2000-gallon tank adjunct to the janitor's cottage. 
Capaci ty of the roof-barrels is 1250 ga llons. 

Record of the work in star ting Hole No. 4 in August, 1922, with s.hot 
core drill w as as follows: 

~ 'O 
Q) "' 

<l) ~ o~ (/} (/} 

~ "' ~(/} 
(/} ~ .d ~ p~ <llCN ..... ~ <l) .., .., ..... 

..... "' .d::l 3 ,_. Q) 
A :B 0 NOTES c<i ,:, C.) 0 ,_. 0 bJ) Q) 

ai ~ ~ .... "'~ ~~ 9f« <l) f<t 

p:;~ ~~ ~c., ;:e;! ... ~ isy 0 

Aug. 7 0 8 Assembling shot drill and work at Sul-
phur Bank. 

8 0 8 Assembling drill. 
9 0 8 Broken gear sent for welding. Assem-

bling. 
10 0 8 Began assembliug water pipes. 
111 0 8 Placed machine and laid tower timbers . 
121 0 4 Bo1·ing bolt holes in s ills and readjust 

hoist clut ch. 
14 0 8 Erecting lcwer half of tower. 
15 0 8 Erectmg upper half of tower. 
16 0 8 Work on tower , water pipes and t ractor 

frame. 
17 0 8 Work on wat er connections, oiling 

drill rods, etc. 
18 0 8 Making pipe rack, adjus ting tractor en-

gine and belt. 

191 
0 4 Connecting machinery, adjus tino- welded 

gear. 
21 0 8 T es t operation aad arran "'e adju s table 

22! 
belt sh ift . 

0 8 Set up wa ter barrels and pipes. Trial 
of dn ll. 

23 0 8 Make pipe connections and readj ust-
ments. 

24 2 6 8.0 8.0 no !/ Bor e in overburden with toothed cutter 
rec'd I and drive wei.e;ht. 

tanlrn. 25 1 7 0.7 8.7 " " I Connect cas;ng with settli ng 
Bore with shot. 

26 1 3 0.9 9.6 H H T ake la,·a core. Broke welded gear. 
W ater press ure 40 lb. 

28 0 8 Rer airs. D1 ove casi ng to bed rock. Re-
lai d pipes. 

29 0 8 Apply w~ight and pulleys for pressure; 
new gea r . 

30 0.3 7.7 0 I u " Drill th rough debri s. Broke collar 
t1 acto1 ngine. 

31 0 8 Work on water barrels (increa sing 
catchment ). 
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Ground was broken for new hole at the end of month. In this respect 
the monlh of August for Hole No. 4 was much lik::! J u.i.e for Hole No. 3; 
that is, the first veck was used up in finishing the previous hole, the main 
body of lhe month was occui1ied wilh assGmbling, and only the last week 
was given Lo drilling. This drilling accomplished ~mly 9.6 feet of depth 
as breakage and water leakage occasioned set-back~. T.he statistics do 
not incrnde waler consumption as water was noL measured until September 
in use of Calyx drill. 

The figures for the fpw days of August drilling ;;how that four days 
out of six and a half were without progress after ground was broken. 
Average drilling in rock was tested for two machine boms, averaging 0.8 
foot per machine hour. Drill operation for 2.5 drilling days (days when 
some drilling was done) amounted to l .6 macl1ine hours pe1· eight-hour day. 
Total footage (inducting overburden) averaged 3.8 feet per drilling day. 

September Work With Shot Dril l. 

The crew of two men continuGd throughout September to operate the 
Calyx drill at Hole No. 4, under Mr. Jaggar's direct ion. Progre,;s in foot­
age of drilling was small, the hole reaching a depth o( 24.5 feet. The 
delays were occasioned by experiments with the water system and by 
waitings incidental to cementing bottom of hole, and boring out cement; 
aho set-backs due to broken cores remaining in the hole, followed by loss 
of the abrasive shot among the crevices in redrilling over the fragments. 

Followmg table exl1ibits the record for September: 
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Sept. 1 2 6 1.2 10.8 400 II Took core 1.5 ~oat long. Water re-

2 1 3 0.7 11.5 

(about) II turned to settling tanks from well. II Leakage around casing. Repairs. 
100 Alternated drilling dry and drilling 

(about) II with water. Core clogged and stuck. 
5 2.2 5.8 3.2 14.7 335 Measured water used. Drilled rock 36 

minutes to the foot. Failed to re-
cover core. Underground leakage. 

6 8 0 0.3 1'5.0 954 Recovered cores but wasted water. 
Crack in bottom hole. Wasting shot. 
Cemented hole. 

7 0 8 0 12.7 Set up more water barrels. Cement 
setting. 

8 0 8 0 12.7 Work on water supply and repairs. 
91 , 0 I 4 0 12.7 Experimental attempts to seal well 

with cement and day. 
11 1 7 0 12.7 200 Drill tools plugged with clay. Leak 

around casing. 
12 2 6 4.1 16.8 491 Cleared .hole , cemented it again. 

Repairs. 
13 1 7 0 16.8 124 Drilied without progress. Leakage. 

Cemented seat of casing. 
15-16 0 16.8 Crew laid off waitiug for cement to 

harden. 
18 5 3 0 16.8 177 Drilling through concrete and broken 

core. Use of clay unsuccessful, 
washed away. 

19 5 3 2.1 18.9 267 Crevice in bottom. Used clay. 
20 2.5 5.5 1.1 20.0 242 Fishing up core, i:;pudding, eating 

hole by ponring c ement around plug-
ged tools. 

21 0 8 0 20.0 Experiments with pumping system. 
Hauling sand and clay. 

22 0 8 0 20.0 Exper imented with small inner pipe 
fo r water circulation in core barrel. 

23 1 3 32 Dr ill ed out plug of clay. Experiments. 
25 2.5 5.5 0 20.0 31 Dr illed with toothed cutter to clear 

h ole. v;rater circulation inside string 
of t oots. 

26 1 7 0 20.0 10 Drilled with toothed cutter. Over-
hauled pump. 

27 2 6 1 21.0 128 Used shot bit and inside circulation. 
Dis tinct saving of water and clean 
-core. 

28 6 2 1 22.0 218 Used neat cement. Drilling without 
vrogress. Lo~t core. 

29 6 2 2.5 24.5 325 Plugging of pipes. Rea ranged hose. 
Took core. 

30 0 4 0 24.5 "Frozen" thread on core barrel. Dis-
connected for repairs. 
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The statistics here set forth exhibit facts both favorable and un­
favorable for shot-drilling in a land · of waterless basalt sheets. These 
layers of lava are mostly thin, one to two feet thick, separated by brittle 
porous s.hells and broken matter. The best cutting of the rock with shot­
bit was clone September 5 in a thick massive layer of fine-grained basait 
yielding pieces of core twelve to thirteen inches long and making 3.2 feet 
progress' in two hours, averaging 1.6 foot per hour. Most of the -core 
tragments are only two to six inches long and these break-up. Pieces fall 
out when the tool is lirtetl and jarred by striking rock shoulders alongsirle 
the well. These pieces clog the boltom of the well, and drilling over them 
merely churns them around and c, us hes them or rounds them, most of the 
abrasive falling down the crevices and doing no work. 

The process of "grouting.,' that is, catching and jamming the lower­
most core fragment by washing small rounded pebbles down the rods until 
they reach t he space between core and tubular bit where they wedge, is 
successful in lifting the cores if the lifting is done smoothly. Stratified 
lavas make walls unfavorable for smooth lifting Shoulders necessarily 
occur where the well opens into cavernous spaces under massive layers. The 
core-barrel is bigger than the rod above, and even though its upper end 
is bevelled, the clearance is insutr..cicnt to keep it from jamming-, bumping 
and sticking in its progress upward from the bottom. This loosens the 
cores and lhey drop out. If thP well could be cased all the way down this 
might be avoided, but the expense of under-reaming and casing would 
wl!olly prohibit boJ·ing for scientific purposes. 

It early appeared that "broken ground" was destined to be our most 
formidable enemy in this work. Broken or -cracked country rock at bottJm 
of well meant an instantaneous loss of water pressure at the pump and 
cessation of all backflow of water from well to settling tanks. A pressme 
of 45 to 50 pounds at the gauge would decrease to 5 or 10 pounds. This 
water brings up the mud or drillings and so wi\shes the weil clean. It is 
customary to use an open cylintler with closed bottom surrounding the rods 
at top of core-barrel, called the "calyx" or sludge bucket, for catching the 
heavier sediment brought up the well by the pumped water that has gone 
down the rods . past the bit in its annular groove, and up the well outside. 
The water pressure is sufficient to lift the dirt but not the shot. At Ki­
lauea the calyx proved s uperfluous and useless, for all the dirt went off 
into the rock cavitiE,s. after the well was 15 feet deep. And with it went 
the water. The country is a natural sieve of cracks, porous layers and 
vesiC'les, hence the absence of all springs and watercourses above sea-level 
anywhere south of Hilo. 

H ydraulic Ex.periments. 

The hydraulic problem presentetl was how to keep a water pressure 
sufficienl to feed the shot down, wash the core clean, keep the abrasive 
wet and the bit cool, and yet not waste water. It took two months to 
solve this problem, and September was largely given to experimenting with 
it. The mechanical problem of drilling rapidly in broken ground was left 
to the October program. 

As the muddy water at first returned up the well very satisfactorily, 
and flowed back to the pump through the settling barrels, during the ten 
days of early wort, at this hole, it was hoped to save water by this method. 
On September 6, however, a crack was encountered, and nearly a thousand 
gallons was wast.eel. with boring progress cf only a few inches in eight 
hom s' work. Cement was poured down hole, then followed a long wait for 
the cement to set. As soon as drilling was resumed the cracks were again 
revealed. Various experiments were made with clay and cement, leaving 
these substances overnig.bt around a closed pipe in bottom of well, and 
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whirling the pipe to fill the rock pores centrifugally, etc., etc. The fillers 
would _seal t he leaks t emporarily, but a.s soon as new ground was b1xiken 
big cracks would a ppear, water and abrasive would disapper, boring pro­
gress was too slow, a nd the cavities were much too big for this treatment. 
As the well was crossing cracks diagonally, it became evident that these 
cracks athwart upper part of well wer e increasing in number as the hole 
progressed, so that r eturn of water to settling t anks would totally cease. 

A successful experiment in saving water was made as follows and tl11s 
method was retalned for two mont hs. There a re two hose connections 
from pump to T-s.haped swivel hea d at top of rods. A smaller hose is for 
feeding in sh ot, a larger for wash water. By wa.y of economizing water 
and keeping a good pressure at the pump, the smaller hos e was adopted 
for al l injected water and the larger hose, atta-ched to other side of swivel­
head, was disconnected from pump a nd led in to settling tanks as a drain 
pipe. A very small iron pipe (quarter inch) was connected inside the rods 
to the inner opening o t' this dra in hose wh ere it en tered th e swivel. This 
li ttle pipe hung down. inside of string of rods as fa r as top of core-barrel, 
open below, and 1igidly attached to swiv el above, so that t he tools rotated 
around it . W ater pumped through the shot hose passed down the rods to 
and around th e core, washing past the latter more or less as the rock 
bottom was tight or creviced. The closed system full of water above core 
reflected the tightness of core by either filling through the rods up t o the 
swivel-head and then sending a muddy overfl<ow through t he little pipe and 
the drain .hose, or else if core was leaky a certain h ead of water was main­
tained in the rods sufficient to compensate pressm·e at pump and leakage 
at core openings. The little inside pipe thus replaced the leaky outer well 
as return passage for the water pumped, and if the bo ttom held water at 
all, by muddin ess or otherwise . some water occasiona lly came back and 
t rickled int o the ba, rels . The small feed-hose and the core pa rtially pl ug­
ging the bottom made sufficient resis tance to permit maintenan-ce of about 
25 pounds pressure at t he pump, so tha t the shot were carried down lo 
lhe bit a s required. It was found eventuall y, as the well deepened, that 
no waler return ed to the surface, bu t (,he bit was cooled and kept fr '--e 
from sludge withou t cons um ing any excessive qua nt ity of water. Pumping 
was not kept up continnously, but was repeated at short intervals, and shot 
were fed t hrough t he val ve leading to hose whenever pump was s ta r ted. 

Summary of Se.ptember Drilling. 

The1·e were fi fteen drilling days (fourteen whole days and two hnlf 
days ) out of twen ty eight-hour working days in September (eighteen whole 
days a nd four half days ) . For the fi fteen drillin days, machine operation 
averaged 3.21 hours per day. P rogress for the month was 14.9 feet, 
Average drilling per machine hom· 0.31 foot. Average footage per drill ing 
day was only 0.99 foot. Tlw.s e low averages are due to the time spen t in 
experimenting and drilling out cement and broken cores. Of the fifteen 
drilling days six were without progr ss . The maximum day's progress was 
4.1 feet, partly in cement, a chieved in two hours of drilling. 

Of water th ere were consumed in September 4033 gallons, averaging 
269 gallons per drilling .day, and 271 gallons per foot of vrogress. 'rhe 
maximum drilling day's ' consumption was 954 gallons , t he minimum 10 
gallons . For th i$ month's record, therefore, the use of wa ler per day was 
six times as great as with the churn drill, and per foot wa.s twenty times 
as great. (See July Bulletin.) 

Temperature of Hole No. 4. 

Tempera ture measurement of Hole No. 4, Observatory yard, northeast 
rim of greater crater Kilauea, 60 feet back from rim, n·ear eastern limits 
of steam crack belt, was as follows : Readings made with maximum centi­
grade thermometer, air temperatu re being r ead io th e field. The er rat ic 
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temperatures are doubtless due to "steam'' or hot air cracks obliquely 
crossed by the boring. 

Date and Time Depth Air Bottom 
1922 (feet) Temperature Teruperature NOTES 

I !Cent. Fahr.l Cent. Fahr. I 
I 

Aug. 26, 4 : 30 p.m.l 9.6 II 21° 70° 36° 97° Water in hole 3.2 feet 
I deep. Tool hot. 

28, 9:30 a.m./ 8.0 23 ° 73 0 26° 79 ° .Mud in bottom and 
feet of water. 

Sept. 2, 8: 30 a.m. 10. 8 21.5 ° 70° 28 .5° 83 0 Wa ter in hole 1.7 
4, 8:15 a.m. 11.7 19° 66° 32.5° 89 .5° Water in hole 1.3 
6, 8:30 a.m. 14.7 18° 64 ° 33 ° 91 ° Core fragments and 

water in hole. 
24 noon 18.9 21° 70° 39° 102° I Eight inches muddy 

I / water in .hole. 

VOLCANIC COND IT IONS IN SEPTEM BER 

Act i vity of Hal emaum a u. 

1.2 

fee t. 
feet. 

no 

At the beginning of the month Halemaumau, the inner pit of Kilau ea 
Volcano, awakened from its slumber fo r the second time since the great 
subsidence of May, 1922. On September 2 in the forenoon a lava fountain 
appeared at the top of the southeast talus, inside the pit, the glowing melt 
forcing its way up the cracks between the debris slope and the cliff wall. 
A cone abot1t 1'5 feet high was quickl y formed surmounted by an open pot 
six feet across, shaped like a tulip with five rampar t scallops. Trickle 
flows escaped between the petals. This source cone s tood approximately 
150 feet above bottom of pit. 

The flows progressed about 100 feet down the slope in the course of 
the a[ternoon, each trickling stream taking a t ree-like form with narrow 
stem and branches spreading out below. The fountain at the source 
b lched noisily at time, and flung up scoriace:rns lava from ten to fifteen 
feet into the air, th is material falling in a shower that resounded on t he 
surrounding ro cks. Th ere was some fum e adjacent to the act ive pot. but 
the jet.$ of smoke that had been emerging from the wall at that pla-ce 
were 110 longer visibl e. 

On September 3 t he flows leng.h tened until their fronts rested on the 
July fl-oor of hard iava 800 feet below rlm of pit. Th~ area covered by 
flows was about 300 feet long by 130 feet wide. Tll e source cone increased 
in size to a large bell-Fhaped s tructure 30 fee t high . This was vomit'ing 
out. a stream of lava that fol lowed the east side of the flow belt. The 
flows exhibited pil os of aa fragments on each side of their lower courses, 
the upper par ts of the hettp being pahoe,.hoe. 

The in fl ow of lava continued througho ut the month. During the second 
week the outpouring for each day had becom e inconspicuous owing to the 
formati on of a large c1 mted pool fed by a torrent from the source cuue 
flowing in tunnels . The pool was five sided and about 600 feet long, en­
Urely coYering the .July lava. Every few hours the crust broke up so that 
the slabs sank in the melt below, and t here were flows around the edges 
invading the rock slopes so as to increase continually the diameter of the 
lake. 

The source cone a t the top or th e southeast debris slo pe become la rge 
and smoky with a hole in the top s.howing cherry red glow. Occasionally 
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the top of the co11e f II in so as to r veal a br io-ht we ll where the s plashing 
Java s nt up rocketmg spnrl or spray 50 teet into the air. At night the 
t unnel leadin° from the <:0ne down to the Iak was seen to be marked 
by glowing cracks but in darfime there wa. merely a broad ba nd of bl a ~k 
lava flows made up or indiYidual snaky ribbons . Some of these had edges 
of black clinker. Usually the cone was puffing, eitller r hythmically or 
irregularly. 

On the evening of September 15 the c111sted lake broke up leaving an 
open pool with one large fountain and several small on s in action. '!'Ile 
lake thereafter remained op n, and whereas the pit before ha d shown li ttle 
glow, there was now flaring light on the fume cloua so that Halemaumau 
resumed its old time appearance. glowing now brightly, now dimly, as tl,e 
fountains waxed and waned. At fi rst th re wer two o pen patches but 
later the southern opening crusted o,,er. The fountaining was in dome­
shaped bursts with occasional upward flings of viscous lava, the cru:;t d 
area round about being broken and the s labs dravn1 inward at ach major 
explosion. Tb lake was ,xtraordinarily flat li ke Keanakakoi. T.be lake 
was about 650 feet long aud 735 feet below 1:im of pit, so that it had 1·i en 
126 feet ·ince early July. 

l l bad gaiued on the frozen lava cascade of u,e source cone, rhe latter 
maintaining an incandescent nlagree on top where much smoke rose. Else­
where, howe,·er. th nit wa . ,erv clear. The lake sho!·e in one place 
touch ed the wall of the pit above the debris slope and about th 17th some 
avalaiicheb fell. OJJ the 20th there were heavy avalanche1' from the no rth 
wall making a new d bris slope and covel'ing all the recent lava with du t. 
A gray scar was left where the wall rock bad peeled off. 

Imm dial Jy after t his a flat-topped lava slag-heap was buil t up against 
th€ new slope a11d over t.be previous pool, the structure covering three· 
quarLers of th crnst d area and standing 20 feet above the earlier surface. 
T.he ed!!es of the plat au so fo1 med fell off steeply, with streams dribbling 
over, some black and som activ ly flowing. Near one eclge or the nat 
black surface there was a partially open pool with a small fountain playing. 

The early dnsty pool showed as a crescent border u nder the casc;,de 
slope and gl owing cone cbat still stood high a bove the lake areas against 
the southern wall of the pit. This cone of September 2 appeared still to 
be the main s ource of all the lava, which was presumably cours ing down­
hill in tunnels of its own crust and filling up the pit with the aid of the 
new fountain a outlet. 

By the 
cove!' d up 
slop . Th 
45 feet in 
ma1·gin. 

last we k in the month the plateau heap .bad spread ou t and 
the older lake. Bright trickling str ams ran down its border 
fountain built up a uoiRy grotto oYen and t he liqu id Java 1·ose 
eight days. The plateau pool stood 36 feet above the floor 

At the end of the month the source cone was high, glowing, flami ng 
and hissing. The liquid lani wa rising fh· f et a day. It occupied a 
brunming saucer overflowing its edge so that slopes led down all aro und 
it to a lower floor. This border fill had b come an elliptica l ri ng of Java 
in the spa'l!e between the plaleau er r,ted b} the lake and the dPhris s lope:; 
tlrnt ia.v again t the pit wall. The onll plateau stood 40 feet :i.bove t he 
annular floor. There were gener:ilir seven tricklmg flows running down 
t.be flanl, c,f the hPap, but ~omC'tilll s bigger flows broke out and made 
delicate Jeaf-lilce pfl.tlerns of fiery m It. Tl1e fountain on top coughed and 
spurted mor or less noisily. 

Tise source cone of Sept mber 2 wa.s now only about 50 feet above 
the floor, lying against the southeastern wall of pit urmounting a dusty 
pile of frozen la, a ca ~cade ·. Tlie opening ciark,m ·d after S plemb r 28 
and the smokE- there increased in volume. 
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S ptoo mber 3, 1922. Southwest riul of Hrtlern aurnau. 
,'.howi n i:: ri ll cha sm, d .b r is slope, and inner benches. 
Plwtos- Jaggar 

Septemher 3, 1922. N ew lava con e and driblet. flows 
011 ta lus iris itle H alemaumau. Dottorn arf'A is th e 
July poo l. Look iu .~ snuth enst. 
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September 2. At J: 30 JJ. m. it was founrl that a new lava vent bad 
broken out at top of southeast talus inside oi Halemaumau just where the 
July vent had been. An open pot had formed by engulfment of talus frag­
ments in the lava bem)ath, and this hol~ was overtlowing an d gradually 
building up a small cone, the trickling stream being pahoehoe in the middle· 
and aa at the edges. The outbreak had begun during the morning. At 
3 : 30 p. m . the cone source appeared to stand about 150 feet above floor of 
p it, the width of flow belt W}tS about 25 fe t and the flows extended about 
50 feet down the solpe. The cone itself was built up about 15 feet above 
the ground on which · it rested. 

In Lhe evening the flows had slowly extended themselves but there 
was no increase of action and the glow was insufficient to make an illumin­
_ation seen at a distance. 

Septembe r 3. At 10 a . m. the action of the new vent was somewhat 
strange, than before and the flows had developed delicate arborescent 
form with leaf-like wi dening below. They resembled the streams at Maka­
opuhi pit during the May eruption. 'rhere were black velvety aa heaps on 
bo th sid<!s of glistening pahoehoe fest<io:.:i.s, and each line of flow maintained 
a channel down the middle as in !he Mauna Loa flows. Each trickle 
formed a separate narrow ribb<m down the talus slope. Around the cone 
all foe lava was pahc,ehoe. Tlte cone had grown to a bigh bell-shaped 
dome standing 40 feet above the talus material on either side. The flow 
belt now extendetl out on to the July lava floor and was 300 feet long and 
'i 5 feet wide. 

One side of the cone was seen to fall ht and become slowly eugulf2d 
in the splashing melt. At the cone pot there was strong belching action 
and incandescent spatter fell round about. During the forenoon the tlowing 
was from a o-ap in the east side of cone and the stream was adding an 
eastern ribbon in rapid motion to the side of the flow area. This ribbon 
was seen to reach the foot of the talus slope. 

This talus ha d been created by avalanches that covered the south­
eastern half of the July floor- with debl'is. The flow belt exactly cor­
responded with the debris cone, and the flows reached the .floor and there 
came to rest. 

In the evening by moonlight hardiy any "low was visible over the pit, 
but the visitor on t.he rim could see glow in. the quieter ribbons of the 
flow area indicating streams crust ed over and moving in tunnels of their 
own crust. 

Septem b-er 4. At 3 p. m . the flows were found to have become mostly 
pahoehoe lava, and they covered one half the July floor. On the sides of 
Ute belt there were rcmnar.ts of flows partly aa. The cone bad become 
a large smoking structure with no lava visible, where gas was puffing 
faintly and irregularly. One ribbon of li ve lava was seen flowing partly 
under crust, and spreading into festoons below with its front pushing for­
ward in large toes. From the beginning the rate of advance had been 
constant by mea·ns of one narrow live s t ream, now here, now there. There 
were occasional but rare falls of rock from walls of pit. The new cone 
was 606 feet below rim, the narrows of flow belt at upper lava bench 
level 766 feet down, and the front of flow belt about 800 feet below rim. 

September 5. At 8 p. m. the flowing continued in about same volume 
as befot·e . 'l'he July lava was now concealed and bright toes of live melt 
pushed out from edge of new fi ll on all sides. The source cone was puffi ng 
regularly about every two seconds. In sonthwest chasm a.t top of talus 
the p;lowing s r,ct s :·em:i incd ai-s before. 



September 6. At 9 p. m. the new fill showed glowing cracks in the 
central region and a belt of bright toes a.round the edges that were invad­
ing the talus. The cen tral pool occasionally broke up by cracking and 
foundering of -crust. 

Down western ha lf of cascade slope a. line of glow cracks was visible, 
where lava was flow ing d-owu to the pool by way of tunnels. During the 
evening the source cone collapsed and th rough the opening spray was 
flung up 50 feet or more into the air. There was fume and flame at the 
opening, a.nd foun taining la.Ya inside. Some avalanches occurred where 
the talus was disturbed a.r-ound border of new pool. Puffs were heard 
from the cone early in t he even ing and these were weaker after the top 
fell in. Surface of pool was said to break up every four or five hours. 

September 7. At 11: 30 a. m. the activity was found to have decreased. 
No glow had been seen at night. Smoke had somewhat increased .and no 
-puffing was audible at rim of pit. The pool sent out a few Jive t•oes at 
its edges and one glow spot was visible alon~ the cascade tunnels. No 
opening was seen in the sour-ce cone. 

September 9. From 3 to 4 p. m. some r enewal of activity was seen to 
be in progr ess. Live toes were making out from edge of pool in th ree 
places on west and north sides, and one live puddle was moving on the 
crusted surface of pool at foot of cascade slope. A cherry red hole had 
reappeared in top of cone, and h ere puffing occurred every thirty seconds 
or less. The pool was pentagonal in shape, covered with smooth black 
crust, and higher than before. No glow showed in cascade slope. Some 
of th e lower streams on this slope still showed edges of aa. lava. There 
was but little fume. 

The cavern of Mar-ch, 1921, back of southwest rim of Halemaumau 
showed signs of having fall en in lately, and hot cracks had developed 
athwart it parallel to th e Halemaumau rim. These made the cavern h ot. 
In southwest chasm · tile belt of glowing, talus had increased in length 
and width. 

Sept-ember 11. At 4 p. m. there was weak and irregu lar .hissing at the 
source cone and glowing toes were detected at f-our places around edge of 
lava fil l. 

September 13. At 10 a. m. no molten lava was visible anywhere, the 
fill seemed to be stationary and the source cone was hissing at irregular 
intervals. 

September 15. At 11 a . m. measurement made surface of pool 737 feet 
b low rim and there had been some bright fla r ing breakings up of the pool 
on the previous evening. The pool apveared large and as smooth as Keaila­
kakoi crater fioor. Around the edges Jive black pudding lava was in motion. 
·•r.he source cone was high and cindery wi th smoke on top. In plan the pool 
had now assumed a diamond shape with the long points north and south. 
The northern point was now only a few feet below the smoke vent which 
had been in action at base of north wall of pit thro ug.hout August. Puffing 
was not audible but there was some sJid;ng of rocks. 

The southwest pinnacle, had chan.,.ed shape from day to day. A 
seam of w hi te s tain neal'ly vertical and trendmg east and west had devel­
oped in lower part of south wall of pit followiug a fLs ure there. At top of 
tal us west_ of source cone a yellow patch was conspicuous. 

At 4 p. m. all was quiet in tlie pit a nd the cone was glowing. 

At 6 p. m. there was a st rong breaking up of c,ust in the lake maldng 
briabt flare on the fume a bo ve. Glow continued a ll night from a fountain-
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Ing patch on northwest side of pool which kept up a persistent bubbling. 
At first there were two pat ches, the second being near base of cascade 
slope, but this afterwards went out of action. 

At 8 p. m. a line of fountains was seen on northwest side of lake. 
One of these was large,. flinging up the melt 30 or 40 feet. This was con­
tinuous and the smaller ones on each side were intermitte!lt. Crust of 
pool was cracked and glowing in many places and source cone showed 
bright glow. 

September 16. At 4 :30 p. rn. a small fountaining patch was observed on 
northwest side of -lake and the crater was now bright at night. Source 
cone had become a glowing filagree structure emitting smoke. No noise 
was heard from the cone but the lake fountains puffed and splashed. Fume 
from the pit had increased. 

The return of a fountaining lake to Halemaumau and two small earth­
quakes at this period gave evidence of an equinox effect. 

September 17. At 12: 50 p. m. an avalanche cloud rose from northeast 
side of pit and some other avalanches occurred during the day. Pit at 
night was glowing. 

September 18. At 9: 30 p. m. the pool showed many bright lines and 
one fountain th rowing up viscous lava. Source cone glowed brightly. 
The lake fountain bad built up a spatter grotto. Three glowing toes were 
observed at edge of fill. 

September 19. At 9 p. m. there was an open lake in the pit with a 
fountain 011 the side remote from the source cone and cascade slope. This 
fountain was feeding flows that trickled sluggishly over a crust as though 
the fountain were at the top of a heap. The flows moved mostly north­
west to southeast across the lake area, and front of flow continually in­
fringed on the crusted area by producing with its weight an irregular 
cracking and foundering of the crust beneath. There was some no;se 
from the fountain. Summit of source cone remained a glowing and smok­
ing filagree. The cascade slope was dark at night. Edge of lake area on 
the north had now surmounted the smoking talus and lay against rock 
wall of pit. On northwest side trickling lava still invaded the talus. 

September 21. At 11 a. m. there was marked increase of activity and 
other changes simultaneous with the equinox and the pit had become 
brighter as seen at ·night. 

Heavy a.valanches had fallen from the north wall burying the smoke 
hole there and covering the floor and cascade slope with dust. This left 
a new high northern talus above which a gray scar in the wall extended 
up to the northern shelf remnant. A flat topped slag heap had formed 
around the lake fountain and this overlapped the new talus slope. The 
.heap had a margin of driblet flows on the south, east and northeast sides 
and a big flow from it was pouring nort heast over part of the new talus, 
the remainder being black and fresh in marked contrast to the dusty floor 
on southeast side of pit forming a crescent around the slag heap. The 
latter appeared to stand 15 feet above this floor. The source cone at top 
of cascade slope was glowing and smoking. On top of the new slag heap 
there was a flat plateau where the fountain puffed, but the fountain was 
nearly Jost in the flat black pool and could barely be detected, tending to 
lift a small lid. In plan the sla g heap showed a scalloped edge. 

September 23. Measurement at 3: 30 p. m. made the lower borders of 
the floor 728 feet, and the fountain on the slag-heap 688 feet below rim of 
pit. The slag-heap was thus 36 feeb high. The source-cone at top of 
cascade slope southea.st was now a high structure Fuming and hissing, with 
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some black granular spatter below it. The fountain on t he s lag-heap h ad 
become a grotto puffing a nd spattering, open toward viest. The older 
floor was entirely covered by new lava. Seven trickle flows coursed vigo1·­
ously down the south, southeast and southwest slopes of the heap. The 
main floor or fill below the heap was a lso trickling at t he _northern and 
southern edges in Jhe places. In front of the grotto lay an open pool 30 
feet in diameter. The fuminess had increased, and at southwest chasm 
th e glow and smoke remained as before. 

Septembe r 25. At 11: 30 a . m. there were seven moving flows o! snaky 
shapes with festooned skin on their surfaces trickling: down the outer 
slopes of the s lag-heap. The grotto on top was puffing and splashing, at 
the edge of a flat pool smaller than before, this forming th-e top of the 
s lap heap and occupying a bout one-fifth of the area of bottom of pit. TJ1e 
source cone southeast and fresh debris near it were smoking. 

September 26. At 9 p. m. the source cone glowed brightly, and one 
fountain of the slag-heap pool was playing and making hissing noise. 
'frickling flows poured away from the slap-heap, and one flow at the base 
of cascade slope under the source cone was directed toward center of pit. 

Septe mber 28. At 3 p. m. the southeast source cone exhibited no glow 
by daylight, but sent up smoke. The f,ountains in s lag-heap pool exploded 
every three seconds and eight trickling flows were counted a round margin 
of heap. 

Sept ember 29. At 6 p. m. the eight flows were still in evidence, and 
the fountaining grotto was spurting a nd snorting. The flows poured from 
the overbrimming edgf\s of the summit lake. There was a pattern of glow 
lines seen after dark between the crust blocks of the "lake surface, nn d 
also at the border fill outside -of the slag-heap, but no t. on the outer slope 
of the heap. The source-cone southeast was dal'k at nigh t. 

About 6: 30 p. m. the lake developed a not?.ble increase of lava pressure 
and a large flow broke over its south west edge and poured downhill on 
slope distribut ing it s branches westward. The dis tributarieq made a thick 
foliate pattern like a lettuce leaf. Th e liquid bubbling out at source of 
this flow made a rushing noise. The flow became 200 fee t long and glowed 
br illi antly, and other small flows increased. The top area., or summit .pool, 
r emained crusted. 

The pit . was smokier and the fum e more acrid. T he "glowing coals " 
of the talus at southwest ch2-sm were less lumin ous th an before, though 
the incandescent area was the same. At night the pit as a whole glowed 
variably, with some J1aring caused by the fountain. 

Se.pt-em be r 30. At 10 p.m. two tricklin 00 flows were in mo tion and one 
large fountain was nearly continuous in its action at the grotto. Some 
small (,ouutains broke out. occasionally at other parts of the lake. T he 
source cone glowed dully. 

LAVA MEASUREMENTS 

The only measurements of the pit in Augus t were descri bed in the 
Journal for August 19 when the Jul y floor was found to be 791 feet below 
nortlieast datum station (datum 3716 feet above sea-level) . T here was 
probably some little s ubsidence of the floor jus t before September 1. 

Progressive measurements of t he September inflow of lava to the pit, 
expressed as depression in feet below northeast station, were as follows : 
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Bottom 
July Sept. Cascade F loor 

Floor Cone Slope Pool Border 

Aug. 19, 2 00 p. m ................. 791 
Sept. 4, 3 00 p. :cl ................. 800 606 800 

15, 11 30 a. ID ................. 584 736 740 740 
23, 3 30 p. m ................. 688 720 

On September 4 the narrows of the flow belt on the cascade slope were 
766 feet below rim. Base of cascade down talus from the source cone was 
29 feet lower than the floor of August 19 on the eastern front, and 11 feet 
higher on lhe west side of the front; this made the mean depression of 
front 800 feRt. The sou:·ce cone at top of talus stood l 94 feet above 
bottom of pit. 

The September 15 measurements indicated pit at border of new pool 
had filled 60 feet since September 4, averaging in eleven days 5.5 feet per 
day. The source cone had built itself up 22 fe'et, averaging. 2 feet per day. 

September 23 the pool bad risen by building up a slag-.heap around it­
self, the edges of the new fill, a.gainst the talus, being much lower than 
the pool. In eight days the lake had thus risen 52 feet, averaging 6.5 feet 
per day, whereas the border bad filled only 20 feet, averaging 2.5 feet per 
day. 

The following figures show monthly chan,ge s of level of bottommost 
part of pit, approximately, beginning with July 1922. The starting point 
was the debris cup of June, leit by the May collapse, 861 feet below rim 
station. 

July, lava inflow ............................. . 
August, slight s lumping ............. . 
September, lava inflow ............... . 

+ 70 feet 
- 29 " 
+ 100 " 

No attempt is here made tc. evaluate data as of last day of month, but 
fi gures exhibit results of measurement nearest to that day. This is men· 
tioned because the comparative monthly change tables (see May 1922, 
Bulletin) are ordinarily computed for last day of month on basis of rate 
of lava fluct uation. 

SEISMOMETR IC RECORD 

Durin cr the month end ing midnight Sept. 30, 1922, fifteen local earth­
quakes and one distant shock were registered at the observatory. These 
and other earth movements are exhibited below. Distance of origin when 
indicated by the in.;;trumental record i;; stated in English miles. Time is 
Hawaiian Star.dard of meridian 157 ° 30' W, 10 h. 30 m. slower than Green­
wich. 

Local Earthquakes. 

Sept. 3 ............ 11: 44 a. m. 
3 ............ 7:41 a. m. 

10 ............ 5:06 p. m. 
13 ............ 7:35 a. m. 
14 ............ 8:54 a. m. 

3 :51 p . m. 
10:07 p. m. 

16 ............ 1:57 a. m. 

Very feeb!e. 
" 

F eeble, distance 9 miles. 
Very feeble. 

" 
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17, ........... 11: 30 a. m. 
21.. .......... 10: 25 p.m. 
22 ............ 2:46 a. m. 
23 ............ 2: 09 a. m. 

5:44 a. m. 
25 ............ 11: 55 a. m. F e eble. 
30 ............ 12: 50 p. m. Very feeble. 

Telesei sm. 

Sept. 9 ............ 10: 30 J.J.m. Slight. 

$.pasmodic M icrotremor. 

This type of tremor wa s slight throughout the month. 

Harmonic Microtremor. 

This type of t remor was ext rem ely s light throughout the month. 

M iscroseismic Motion. 

•rt.te amplitude of miscrosei sm s was slight throughout t he month. 

Tilting of t he Ground. 

Sept. 2 - 8 .................... 1.2 
9 - 15 .................... 2.9 

16 - 22 .................... 6.3 
23 - 29 ................... .4.5 

llO 

seconds Nl'sW. 
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Black spot shows location of Observatory . 

.All exchange• should be addressed to 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P . 0., Hawaii. 

The Observator y is equipped with the following 
1e ism omeh'lc instruments rebuilt n. t the stntion in 
1918 for the special needs of volcano research: two 
Bosch-Omori pendulums, high-speed registration of 
loca l enrthqunkes: one opticall~· recording seismo· 
graph for distant earthquakes ; one clinograph regi ster­
ing r,; .w tilting of the ground . A vertical component 
.;e ismo~rnph was in DecPmber. 1918, set up in ex· 
pC'rimental operation. These nre seated on concrete 
piers in n closed basement room having practically 
consta nt temperature, beneath the chief Observator,, 
building near the hotel. Time is r eferred to a r ated 
chronometer, checked at intervals by wir eless signal 
fr om the P earl Harbor Naval Station . The chrono­
meter is loaned by the University of Hawaii. Ha· 
"'aiian standard time (H. S. T.) is 10 hrs. 30 min. 
1lower than Greenwich time. Observatory Lat. 19° 
25' 54.2" N. ; Long. 155° 15' 39 .2" W .; Elevation 
1214.6 meters (3985 feet) . 

HAWAII NATION.AL PARK. 

This park was created b y act of Congress August 
1, 1916, and includes three famous volcanoes-Kilauea 
and Mauna Loa on Hawaii and H aleakala on Maui. 
Freqne.nt passenger steamers ply between these islands 
and Honolulu. 

Haleakala Section- Haleakala, "house built by the 
su n, '' a peak more than 10,000 feet high, carries an 
im mense fissure-like crater 8 miles long and 3 miles 
wide, with walls 2000 feet high . Here, as well as 
on Mauna Loa and Mauna Kea. grows the Silver 
Sword (Argyroxiph ium) . TbirtePn voleanic cones lie 
w~ollr within the ~rater, some rising nearly to th e 
height of th e- Sl1mm1t. The scene at sunri se is mar• 
velously beautiful. 

Wailuku is the point of departure, automobiles tak · 
in g th e traveler to O:inda , a summer residen ce set­
tlement 4043 feet hi gh. After 2 hours drive to th is 
po in t, sad dle ho1·ses are t.nken to the summit a ridt· 
of 3-½ hours. .I-lere is a fi ne co ncr~ tt! rt>s i' h l111s• 
built _by the citi zens uf Maui. and fu !l1· equipped 
,n th i ron beds. blankets. stoves nu<l cook in g utensi l :-. 

M~nna Loa Sectlon-Mauna Loa. a ve st dvmc 
13 .. ~75 feE't high, rearhf'CI thr<111g-h fo1·est s of f l 
wA.n&n mshoisny (koa) :1.nd tref fern, then np bri l-

liantly co lored lava slopes, has a summit crater 9 
mile• long by 1 ½ miles wide, w ith walls 700 feel 
h iJ?h, nnd when in acti on fountains of fire froth ar·e 
her e jetted 500 feet into t-he a ir. Every five or ten 
years splendid spectacles o( lava eruption are staged 
on th e mountain , somet imes from the lower fl anks. 

There are tra ifs on the Kona side, and also from 
the southwe t, bu t the usual and best route is with 
•nddlP m· l,s frnm the Kilauea section to Puu Ula· 
ula (9800 feet), a r ide of six hours. Here there 
is a full ,· eqninned cottage with stables and water 
supply. From this point on the second day a four· 
hour ride take c. the visitor to the summit crater 
where there is water. A ri1ht of way within the park 
connects Kilauea with Mnuna Loa, where eventually 
e r oad will be constructed. The views are gloriou1 
and the chasms, cones and contorted lavas indescrib· 
a bl:v chaotic. 

_KHanea Section-The lakes of foaming fiery Java 
w1thm the crater of Kilauea form the most spee­
~ncular exhibit in the Hawaii National Park, if not 
m the wo:ld. The pit of fire, H nlemaumau, is in&ido 
of the m a1n crater, at the apex of a broad flat inner 
cone.. Kilauea is a dome volcano 4000° feet high, 
overr idden by the lava slopes of Manna Loa on tho 
west. so th nt it seems bu t a spur of the greater and 
perhaps younger, slag-heap mountain. ' 

'l'he Kil a uea Pnrk and th e inner pit itself are 
both reached directh- bv automobile fr om Hilo the 
second city of the ·Terri tor y of Hawaii , nnd 'theu 
ore excellent hotel accomm odations. The dis t an ce 
from _Hilo is 30 miles. Within the park there are 
15 nules of r oads and about 20 miles of trails. As 
shown on the map, t here are a dozen ancient p its 
within the nrea nf the park , as well as cones , caver ns 
nnd hot solfataras and a stra nge desert where lava 
flows hn:,-e PO)uecl ou t of cracks ns recently as 1920 . 

The live pit of Halemaumau is eas ily accessi ble 
anrl not dangerou s. Frequently one can wal'k to the 
actual edge of the splashini;. fount aining lava la kes 
the la va _column ri '3 i~g. au~ falling from year to y en; 
so t.hat its mo"t d1 stin ct1ve character is cease!ess 
change. A, night the spectacle is full of marvelous 
color, a nd the region is a paradise for 111·\is ts , p hotog· 
rnpher s an d naturalis ts. 

The sPveral sect io ns are und er the control' of the 
X~tionnl Park Sel'dce o f the Dep:lrtment of the In· 
terior. The United Sta1es Weather B'ureau ma in · 
ta ins th e Hnwnii_au Volcano Observ nt•H" y. w bL·b 
sta nds 1111 th e hrrn.k of the greater crate r within 
1he Kilauei, Park. 
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PROGRESS OF BORING EXPERI M ENTS 
October-November Work With S hot Drill. 

0. 10 

Owing lo ill n ss oC assistant-driller. work was de layed early in October . 
The shot drilling at Hole o. 4, Observatory grounds, was continued until 
n d pth of 65 re t was !"ached ·ovember 4. 

Owing lo the loss of abrasiv in vesicles and cracks, a series of tests 
was made wilb six cliff r nt mod ls of magazine bits deeigned by Mr. 
Jaggar. The final rest Noverub r 4 bor d ou t 6 feet of hard vesicular 
basalt in 2.3 hours, recovered the core. and u d only 267 gallons of 
water. Thi& was al 65 feet of d p1 b wh re the temperature was 36° C. 
(97 < F.) 

The good Pl"O"Tess was not wholl y due to the special bit. During the 
la t three days of drilling an average of 3.6 [eet p r hour was attained in 
4.3 hours drilling with this bit and ordinary bits, using an average or 100 
gallons of water per hour. The maxin um peed was on ovember 3, 5.7 
feet in an hour with an ordinary bit. The cores from tbis rapid drilling 
w re bolh coarse and fine ro.:!ks. parlly brok n and with large vesicles and 
in no way unusual. 

Two n w 111 lhods contributed to succese : one was the use of two 
Vf'rt.ical slots on opposite sides of the bit for the passa"" of shot, instead 
ot' on~ inclined s lol: the other novelty con isted in 1 euing ·hot and water 
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down the w ell outside the tools as w 11 as inside, so as to keep the bit 
grinding the ·wall of the well and leaving the core barrel loose. It bad 
be n learn d by xperience that too much water in this porous rock was 
undesirabl as it wa bed the shot away; it was better to keep the shot 
in a muddy paste, washing away the xcess drillings at intervals, and not 
using the pump continuously. 

Following table exhibits the record for October-November. TJ1 e work 
was suspended after November 4 in ord r that prepa ra t ions might be made 
for further work at Sulphu1· Bank in January 1923, and to give time for 
r pai rs, alteration and purchases incid ntal to moving th drill and its 
tawer. 

,,; 
~ ~ 

"O 

~ ...,; (I) 
0 r,;. ell 

<lloN is- ,,; ell P,,; .... .,.. ·(I) r/l 5 I,..~ 
OTE <d a, ;:I 

,.__, 

A.-< :5 li;ll. 61 ::,. (l)C, 
(I) .... 

<) :S 0 A «s 
<d :.. 

~ :s 0 p.. 

Oct. 2 0 4 0 24.5 R epairs. One man s ick Oct. 2 to 13. 
3 3 5 1.5 26.0 330 Tes t with firs t magazine bi t. Broken rock. 

Progress wit h ordinary bit. 
4 3 5 3 29.0 313 Progress followed by magneto trouble. 
5 1 7 0 29.0 181 R epair magneto. R ecover core. 
6 1.5 3.5 1 30.0 20; Engine t rouble. R cover cor e. 
9 2.5 5.5 1.5 31.5 210 Engine troubl e. Broken rock. No core. 

" 10 6.5 1.5 1.3 32.8 628 Broken rock. No core. .. 11 3 5 0 32.8 380 R e over d core with too th d cutter. .. 12 5 3 2.2 35.0 41 I T st with second magazine bit. .. 13 3.5 4.5 1.7 36.7 501 Broken rock. ·o core. .. 14 0 4 0 36.7 Repair car. 
" 16 4.'5 3.5 4.0 40.7 400 Broken rock. Sh0ulder of rock jars tools. No 

core. .. 17 4.5 3.5 0 40.7 37 Drilling out core. Test with third magazine 
bit Pum p Trouble. 

" 18 2 2 0 40.7 E ngine f an broke. Repairs. 
" 191 3.5 , 4.5 0 40.7 Drill ing OUl core. 

20 3.5 4.5 0 40.7 R move core. Spuoding. 
" 211 O 4 0 40.7 T st with fourth magazine bit. Drop tools in 

hol . 
" 23 0 8 0 4G.7 Fish in" for tools. .. 24 1.5 6.5 0 40.7 197 R eco ver tools. Continue test. 
" 25 4 2 1 4l.7 111 Ordinary bi t. Wasting water. Recover core. 
" 26 5.5 2.5 2.7 44.4 . park plug troubl e. Recover core. 
" 27 3.5 4.5 1. 46.2 hort COl' barrel used : discard calyx. Recov r 

core. 
" 28 2 6 3.1 49.3 Tools stick a t shoulder. No core. .. 30 5 3 0 49.3 o r obs tructs well. Spudding. Fan broke. .. 31 0 8 0 49.3 Repairs. 

Nov.11 6 2 I o 149.31 794 J Rapid drilling ov r core of 0-ct. 28. F e ding 
I shot outi:i d . 

2 3.5 4.5 4 53.3 466 Test wi th fifth magazin bit. Remove core. 
Progr ess with ordinary bit. 

3 5 3 5.7 59.0 3 8 Another tes t. Progress with ordinary bi t, sl1ot 
fed in id a nd out. 

4 3 5 6 65.0 267 Success ful test with sixth magazine bit. 

112 



Summary of October-November Drilling. 

There were twenty-three driiling days out of twenty-six-and-one-half 
working days in October-November. For the drilling days, machine opera­
tion an,ra 0 ed 3. 74 hours per day. Progress for the month was 40.5 feet . 
Average drilling per m:1chine hour was 0.47 foot and average footage per 
drHling day was 1.76 feet. Of the twenty-three dr illing days , eight and one­
half were without progress owing to cores blocking hole, broken machinery, 
experimental tests, and fi s.hing for tools. The average footage for the 14.5 
drilling days of progress was 2.79 feet. On this basis the drill operation 
and daily footage -compare favorably with the record of churn drill in June. 
The maximum day's progress was six feet, achieved in 2.3 hours of drilling. 

Water consumption was 9757 gallons. averagin"' 424 gallons per drilling 
day and 241 gallons per foot of progress. The maximum drilling day's con­
sumption was 1118 gallons, the minimum 147 gallons. Consumption per 
foot of progress was an improvement on the September r ecord, but the use 
of water here in shot drilling is enormously greater than in churn drilling. 

Temperature of Ho!e No. 4. 

It was shown in the September Bulletin that this hole in the Observa­
tory yard, 60 feet back from the northeast rim of Kilauea Crater, reached 
a bottom temperature of 39° C. (102 ° F.) at 18.9 feet of depth, and tha~ the 
temperature higher up was erratic owing to hot vapor in crevices. These 
are the so-call ed "steam cracks" near the hotel. Following table exhibits 
readings of thermometer farther down the hole, made as the boring pro­
ceeded, with maximum Cf'ntigrade thermomete r, air temperature being reRd 
each time. 

Day aud Time Feet Temperature Temperature Notes 
1922 Depth Air Bottom 

Cent. Fahr. Cent. Fahr. 
Oct. 6. 8:00 a. m. 30.0 18 64 37 98.5 Core in hole. Mouth 

of well steamy. 
" 13, 9:00 a. m. 35.0 21 70 38 100 
" 26, 4:00 p. m. · 44.4 18 64 37 98.5 

Nov.4, 3:30 p. m. 65.0 18 64 36 97.0 Mean of three read-
ings. 

Tne gradient of the whole 65 feet showed highest temperature 19 feet 
down of 39° C and a s light decrease from there to the bottom. The a ber­
rnnt temperature was just below the overburden -Jf soil at 9.6 feet of depth, 
where the temperature was 36° C; aft8r two days accumulation of mud 
r educing depth to eight feet the temperature dropped to 26° although the 
air temperature was hig-.her. From this time 011 to the opening of the llol'3 
at depth 19 feet the rise of temperature was gradual, but below that the 
temperature was lower and nearly c-0nstant. It is probable that this gra­
dient is affected by air circulation through t he broken a nd ve-sicular layers 
of basalt, and by the proximity o[ the face of the bluff, which exposes 
openings. 

VOLCANIC CONDITIONS IN OCTOBER 

Activity of Halemaumau. 

· During the first week of the month the lava of the Kilauea firepit rose 
slowly, much of th·e flowing from the lake being expended in filling around 
the edges of the floor area. This wall-valley was lower than the middle 
region, where the crusted pool stood high like a plateau, hemmed in by 
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border rampa rts . Over these ramparts the lake -continually overflowed, its 
surl'ace being about 650 feet below the Halemaumau rim. 

Off at one side the smoking cone which was the source that gave rise 
to all the new activity, had collapsed on top leaving expos€d a black hole, 
where at night some faint glow was visibl e. 'The smoke around this co!le 
was decreasing and the pit as a whoie was quite free from fume. 

The rampart overflows were in continuous motion, soJ:Je of them being 
visible whenever the pit was visited . Their iocatio:i. were ever changing, 
the lava moving down the outer slopes of the plateau in from five to seven 
streams. Th€ lake itself was not in the center of the floor area but off 
towards the northwest side. Small live tricklings of lava were generally 
to be seen at some portion of t he outer edge of the floor, where the surface 
was extending itself and burying the debrir s lopes. 

By the middle of the month there was some augmented activity a,ecom­
panied by avalanches from the walls. Wl~ereas on October 8 three flows 
were seen runnin "' over the rampart that hemmed in the lake, five days 
later eighteen flows were counted and a new spurting cone had made its 
appearance. Moreover the older source cone off to one ide at the top of 
tile talus, resumed its spouting activity, ove rflowing its lip and exhibiting 
a splashing fountain in its crater. rt snorted and hissed at intervals and 
the fuming near it entirely disappeared. 

Four avalanches at th e pit on October 13 were audible even at the 
Observatory, and were seen to send up clouds of r ed dust . These left raw 
sears in wall of pit over the region wh8re the old southeast cone had 
broken oul. New debris s lopes were forrued here. There had been very 
few earthquakes during the summer, but an earthquake occurred ea-ch night 
October 13 and October 14. 

'\Vith the source cone less than 640 feet down and the floor covered with 
brilliant flows , spurting cones and splashing grottoes, Halernaumau was 
ag-aiu becoming spectacular. 

The measurements indicated that rising had been slow early in October, 
but during the last half or the moo th the floor built up more rapidly. 
October 21 the marginal source cone was 624 feet below rim, the active 
lake 648 feet and the edge of floor 670 feet. The Jake thus occupied a 
raised basin 2Z feet a bove the Java flows surrounding it and 24 feet below 
the spouting cone a t top of debris slope. The lake in six days had risen 
16 feet. 

During the third week activity was variable, a foun tain playing all the 
time at one grotto on the lake shore, and other fountains breaking ont 
when a spell of overflowin"' cra cked up the marginal crust of the lake a nd 
let loose confined gas. T he overflows were now usually of short duration. 
A new pond form ed on the east side of the floor area and outside of the 
lake basin, with a spurting cone at its ide and overflows at its edges. The 
southeast source con overflowed its li p in several places and built up its 
summit, creating a pile of glowing filagree. The main lake was about 350 
feet long. Trickling flow s were usually vis ible all over the floor area out­
side of the lfl.ke basin proper, and this fill was s lowly building up t he bottom 
of the pit aud in fr in"'ing on the slide-rock slopes. Spatter cones had ap­
peared at several sma ll active spocs . 

The change of habit during the month from continuous visible over­
flow of th e lake bas in to continuous trickling border flow s coincided wi th 
a change in the ris ing ac the end of the month. There was now only a 
slight rise of the urface, but the new Java coming in was spreadin"' out 
and even ing up to th e levels of the outer fill and the lake basin. Much 
cf the liquid was doubtless flowin g in tunnels. The lake dome swelled and 
crackP.d so that a larg-e creYasse developed athwart it. This tumescence 
left the lake depressed in its cup with a wall 15 feet high on one side. 
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All around the dome there was a fill that was much of it an annular pool 
wi th smooth fla t crust and liquid trickling out about the edges. Through 
this .crust at one place a spurting cone bad formed. 

The southeast source cone now glowed continually and surmounted 
a cascade slope of fresh lava so that the summit stood above the top of 
the talus and about 30 feet above the floor. 

JOURNAL, OCTOBER, 1922 

October 1. At 11 a. m. the floor was found to hav-e increased in size 
with its outline convex east and west, concave northeast and southeast, 
and • traight on th& south. There were cluslered flows on the ea.st slope 
of the 11eap containing the Jake and. at the southeast margin of the ' border 
fill . There were other small trickling flows making about seven in all. The 
fountaining grotto was coughing and the lake crusted over. Six or seven 
frozen festooned flows extended northeast and northwest from the grotto 
fouutain. The blg con-e on top of the cascade slope southeast and the 
adjacent ground were smoking. The cascade slop-z which it surmounted 
appeared lower than before, about 50 feet hig.h. 

Octber 4. At 4 : 30 p. m. floor ar&a showed same general outline. Lake 
activity was sluggish, the grotto fountain heavy, and one flow poured from 
the edge of pool near grotto towards the northwest. Five other s luggis.b 
flowing places were detected on the slag-heap slopes and in the border 
area. This border floor appeared ve1·y black and granular and its south end 
was inactive. There was an open black hole in the top of southeast source 
cone. 

October 5. At 9 p. m. faint glow was visible in southeast cone and the 
grotto foun tain at the lake was bursting only three or four times a minute. 
One small flow poured northwest from bank of Jake Iiear grotto. 

Oc to-ber 8. At 8 p. m. three adjoining flows were seen pouring over 
south bank of lake. There was loud hissing of gas through a small hole in 
roof of grotto and the lake level was flush witn the grotto oven and so 
confining the gas inside. Occasional fountaining occurred t here. · 

October 10. At 8 p. m. there was one vigorous fountain, w;hich with 
the hissing grotto was noisy for a half-hour. Then there was quiet. Flows 
voured ea!:.L and west over the lake rampart and crust would crack uu aud 
foull(ler at south end of lake. 

October 12. At 6: 30 p. m. both floor and lake showed glowing cracks 
and some recent flows lay on flanks of slag-heap. The grotto fountain was 
active and the southeast source cone was spraying, snorting, flaming and 
glowing. The cascade slope beneath the cone was now short, and smoke 
there was lessening. 

October 13. Four avalanches sent up red clouds of dust during the 
day and were heard at the Observatory. Some of these fell from the semi­
circular cliff overhanging the southeast source cone. At 6 p. m. small slides 
were seen to fall from the southwest pinnacles just insid·e the Ha.lemaumau 
rim. At this time the slag-heap was overflowing and in the course of an 
hour the number of streams increased from twelv-e to eighteen. These 
were chiefly toward - the southeast, each flow making a pattern like a tree 
with the cascade for its trunk. T,he grotto foun tain sent its spurts high 
in the air and a new cone was spurting on the eastern floor. · The south­
east source -cone his5ed and snorted loudly inside a large broken crater 
opening, and new flows from it had poured down the cascade slope. There 
was no smoke there and the pit was remarkably free from fume. Fume 
had lessened even at the southwest chasm and the glow there was less 
bright than formerly.-
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October 15. Measurements at 11 a . m. made the lake 666 feet below 
rim of pit. The lake surface was cracking and foundering and large over­
flows poured eastward. The eastern floor cone appea:red to be at the easte rn 
border of a n ew pool. The southea st source cone exhibited splashing lava 
in its crater, making a rushing noise as though a cascade poured from it in 
a tunne l. There was the scar of a recent avalan-che on sout heast cliff and 
fresh debris lay below. The r ecent border floor showed a sagged edge 
coated with dust and over tllis trough new black flows from the s lag-heap 
were crawling. A pronounced spatter rampart had !Jeen buil t at the lake 
g rotto, and all the western edge of Jake showed defini t ion, but the eastern 
margin was obliterated by overflow. 

The southwes t pinnacles had been chan ging sh ape by collapse during 
the last few w eeks. At the old southwest cavern. on lop o( th e cliff ma rgin 
of the pit new hot cracks had opened pa!·a llel to the Ha lemaumau edge. 
Scorching hot air rose h ere. 

October 17. At 6 :30 p. rn . the ·main Jake an d east pond were ou tlined 
by glow cracks . R ecent flows were simila rly depict9d. T he grotto was 
fountaining, there was glow in the source cone and the pit was very quiet. 

. October 20. At 5 p. m. the Jake exhibit ed three short overflows, and 
there was a flow inward on t he floor from its northeast edge. The re we re 
many glowing spots in the southwest floor, thP source cone glowed brightly 
and th ere were hissings a t the ea ·t cone and at the g rotto. wh ere the 
usual foun tain was playing. 

October 21. At 3 p. m . the lake was 650 feet below rim :md the border 
fi ll had been gaining on t he ,: Jag-heap. The eastern pond showed a definite 
spatter border. The main Ja,ke was a bout 350 feet Jong and its single foun­
t a ining grotto lay at the nol'th end, F r orr· tt.e southeast source cone a new 
flow had poured down the west side of the -c:ascade s lope under the cone. 
The edges of the floor were trickli ng, seven live places were s een. and the 
slag-heap slope around the ma in lak e P.xhibited radial flow markings, A 
strong overflow at the lake edge was followed by general breakJn1; up a long 
th e shoreline an d a subsequent lowering of the Jake surface. It was evident 
that the small east pond ten ded t o [01111 its own heap as flows extended 
radially away f:rom it. There were four or five places on the floor that 
appeared to be dorma nt spatter cone , Ins ide the southeast source cone 
crater ther e was a hissing and fla ming filag ree . 

Octobe r 24. At 7 p_ m. there was one small overflow from the lake. th e 
surface of which was crack ing and foundering and severaJ t rickling flows 
were in motion on the ou ter floor. 

0-ctober 26, At 6 p. m. the border fill was broad and glowing in contrast 
t o the slag-heap slope which , as dark. The lake grotto was foun taining 
and spurtihg, and the sou rce cone flaming and spitting. The east cone was 
capped with a brigh t flame and h issed loudly . 'l'he ,val! bounding th e ma in 
lake on the north was three feet h igh, Small Jive toes we re trickling here 
and there on the floor. 

October 27. At 5 p. m. the east pond vent was seen to be a cone spurt­
ing and fla ming, the sou tbe,~s t source cone was flaming through filagree 
orifices and the grot to fountain ejected bi g.h spu r ts , makin g a ring of 
spatt e r around its o i·ifice. Fresh a va la nche dust cover ed the northeas t floor 
and . ome small s li des were s een. Near the eastern cone and at th e base 
of the cascade s lope th e crust on large pudd les was cracking and fo undering. 

October 29. At 4 p . m. it was evident ibat north bank of main lake 
was lif ting am! the whole. slag-heap was swelling, as a large c1·evasse bad 
formed in th e latter trendi ng nor theast from th e lake , and th e bank on 
north side of lake was now 15 feet b ig.b. Shoreline a ll a.round lake was 
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July 21, 1922. Aulomobil e wilh special "'ears, drawbar and doubl e wheel s, 
hauling waler for 1.lrilling on Kil auC;a floor.--Photo .Ja "'gar. 



h igher than before. Moreover the wall-valley nor thwest of the s lag-heap 
was sagging. The east cone had become a tall spire which was s pitting out 
laYa and ther e wer e live t oes on th e southwest floor. 

LAVA MEASUREMENTS 

Measurements or depression of the mobile lava column, made wi th 
trans it. r efe rred to northeast station on rim of H alemaumau pit (3716 feet 
above sea-level), for the month ending Octobe r 31, 1922, including floors of 
ben ch magma and liquid level of iake magma, wer e as follows : 

Date 

8eptem ber 23. 
October 1, 
Octobe r 15, 
October 21, 

Progressive 
Sept . 23-Oc t. 1, 
Octobe r 1-15, 
October 15-21, 

Progressive 
Se pt. 23-Oct. 1, 
Octobe r 1-15, 
Ocot ber 1'5-21, 

Time rorthwest 
Pool 

3: 30 IJ. m. 688 feet 
11 :00 a. m. 67() " 
11: 00 a. JD. 666 " 

3:00 p. m. 650 .. 

Border 
F loor 

720 fee t 
699 .. 
678 .. 
672 " 

Southeast 
Cone 

634 feet 
626 " 

changes for t he liqu id lava were as follo ws: 
8 days, fl oor rose 21 feet, averaging per day +2.6 ft. 
14 4 " .. +o.3 " 

6 16 " + 2.7 " 
construction of t he border floor was as fo llows : 
8 days, lake rose 18 feet, averagin g per day + 2.2 ft . 

14 21 " " + 1.5 " 
6 6 " +1.0 .. 

The floor continued to build itself up u n til the end of t he mon th as 
show n by No vember measuremen ts, increasing its rate of rising 1.7 feet 
per da y, wh ereas t he la ke rose only h al f as fast as before. namely 1.3 feet 
pe r day. 

J·he September source cone southeast was r ecorded as b ein g 584 feet 
beiow rim September 15, a nd it was a coll:;,psed funnel fifty feet lower tha n 
th at a mon th later. Octobe 1· 1'5-21, m s ix days, its inner founta in rose 8 
feet, avera.ging 1.3 feet per day. 

The month ly changes of the bottomm ost pa r t of pit measured from 
July to Octob er were as fo llows, star t ing with th e June low level 861 feet 
be low rim station : 

July Lava inflow 
August $ligh t s lumping 
September Lava inflow 
October Lava inflow 

+ 70 feet 
- 29 " 
+100 " 
+ 65 " 

The October fi gure is evaluated for the approximate upbuilding or 
bonier floo1· at end of mont h. 

SEISMOMETRIC RECORD 

Duri ng 1.h e month ending midnigh t October 31, 1922, twenty-nine loca.l 
ear thqua kes and th ree te leseisms wer e registered a t t he obser vatory. These 
and oth er ear th movemen,s a re exhibited below. Distance of ori gin w.hen 
indicated by t he instrumental record is stated in E ngli b miles. Time is 
Hawa iian Standard of meridian 157° 30' W. 10 b. 30 m. slower than 
Gr enwich. 

Locai Ea rth(?uakes. 

Octobe r 2 ................ 12 03 a . m . F eeble. 
3 ................ 9 1.0 p. m. 
5 ................ 4 55 a . m. Ver y feebl e. 

11 29 a . m. 
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3: 23 p. m. Feeble, di stance 11 miles. 
6 .. .............. 1: 33 a. m. Very feebl e 
7 ............... . 5:05 p. m. " 

11 ................ 12 : 38 p . m . 
12 ........... ..... 2 :54 a. m. 
13 .. ........... ... 12 : 23 p. ID. 

12:25 p. 111. 
12: 26 p. m. F eeb le 
11 : 08 p. 111. Slight, distance 40 miles. Felt in Hilo 

and strongly il'I Kohala. 
15 ................ 12: 5'5 :1. u1. Very feeble. 
18 ....... ......... 11: 13 a. m. Slight , distance 20 mil es. 
20 ....... .... ..... 6: 01 p. m. Very fee ble. 
21.. .............. 1: 40 a. m. " 

10:35 a. m. 
23 ...... .......... 7 :34 a. in . 
25 ...... .. ....... . 2:55 p. Ill. 

27 ............. ... 12:51 a. m. Slight. F e lt lo::ally. 
6:47 a. m. Very feeble. 
1:36 p. m. 
2:00 p. m. Sligh l 

29 ................ 9:51 p. m. Ve ry feeble. 
10 : L3 p. Ul. Siight , distance 16 mil es. 

30 ................ 8:55 a. ru. Very feeble. 
2:25 p. 111. 

31 .......... ...... 2 :40 a. ill. Feeble. 
Teleseisms. 

October 24 ................ 11: 00 a. m . Slight, distance 3680 miles. 
2!1 ....... ......... 3: 36 p . rn. Slight. 

4 : 28 p. m. Slighl. 

Spasmodic M icrot remor. 

This type of tremor was s li ght th rc.ug hout the month. 

Harmonic Microtremor. 

Felt in 

This type of t remor was extreme ly slight thoughout the month. 

Microseism ic Mot ion. 

The amplilude of micrns eisms ,~as slight through out the month. 

Tilting of the Ground. 

Hilo. 

Br weeks this move m n t was as follows, exp rcs ~ecl as angular changt': 
and oi r ect1 on of motion ot plurnb·line. 

S e pt. 30•O ct. 6 ..... .. .... ..... 0.6 second NI E. 
Oct. 7-13 .......... ...... 5.3 seconds SSvV. 

14·20 ...... .......... 2.1 NE. 
21·28 ................ 3.3 s. 
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K:.IL.AUEA .SECTION 

HA>.NAI I 
OF 

NATIONAL 

44()0 ,WOO 

Black spot shows location oi Observatory . 

All exchanges should be addressed to li~ntly colored lava slopes, has a summit crater s 
miles long by 1 ½ miles wide with w alls 700 feel 
high, and when in action foun°tains of fire froth are 
here jetted 500 feet into the air. Everv five or ten 
years splendid spectacles of lava eruptio0n are staged 
on the. mountain , sometimes from the lower flanks. 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P. 0., Hawaii. 

The Observatory ie equipped with the following 
1e ismometrie instruments rebuj]t at the station in 
1918 for the special needs of volcano research: two 
Bosch-Omori pendulums, high-speed registration of 
Jocal earthquakes; one optically recording seismo­
graph fo r distant earthquakes; one clinograph register­
ing E-W tilting of the gi:ound. .A. vertical component 
eeismogr.nph was in December, 1918. set up in ex­
perimental operation. These are seated on concrete 
piers in a closed basement room having practically 
constant temperature, beneath the chief Obser-atory 
building near the h otel. Time is referred to • rated 
chronometer, checked at intervals by wireless signal 
from the Pearl Harbor Na val Station. The chrono­
moter is loaned by the University of Ha,vaii. Ha­
waiian standard time (H. S. T.) is 10 l1rs. 30 min . 
alower than Greenwich time. Observatory Lat. 19° 
25' 54.2" N. ; Long. 155° 15' 39.2" W.; Elevation 
1214.6 meters · (3985 feet). 

HAWAII NATIONAL PARK. 

This park was created by act of Congress August 
1, 1916, and includes three famous volcanoes-Kilauea 
an d Mauna Loa on Hawaii and Haleakala on Maui. 
Frequent passenger steamers ply between these islands 
and Ronolulu. 

Haleakala Section-Haleakala, "house built by the 
sun,'· n peak wore than 10,000 foet high, carries an 
immen se fissure-like crater 8 miles long and 3 miles 
wide, w ith walls 2000 feet high. Here, as well ns 
on Mnuna Loa and Mauna: Kea. grows the Siker 
Sword (Argyroxiphium). Thirteen volcanic cones lie 
whollr within the crater, some rising nearly to the 
height of the summit. The scene at sunrise is mar­
velously beautiful. 

Wailuku is the point of departure, automobiles tak­
ing the tl'3-\l'Oler to Olinda , a sn mmer residence set· 
tlement 4043 feet high. After 2 hon rs drive to th is 
point, saddle horses are taken to the eummit, a r ide 
,..-, ~ ½ hnnrs. 11Pre is a fi_ne concrete rest house, 
built by the eitlzene of Mauj, and fully equipped 
w:ith iron beds, hhmkets, stoves and cooking utensils. 

Manna Loa Section-Manna Loa. a vast dome 
13,675 feet high, reached through foreat• of Ha­
w-AHa.n maho211ny (koa) and tree fern, th en up bril· 

There are tuirs on the Kona side, and also from 
the southwest, but the usual and beet route is with 
saddle nm les from the Kilauea sect·ion to Puu Ula· 
?la (9800 feet), a ride of six homs. Here there 
1s a fully equipped cottage with stables and water 
supply .. Fron:i this point on the second day a four­
hour r1de t_aKes the visi!or to the summit crater, 
where there_ 1s water . A r11ht of way within the park 
connects ~1lauea with Mauna Loa, where eventually 
a road will be constructed. The views are glorious 
and the chasms, cones and contorted lavas indescrib· 
ably chaotic. 

_Kilauea. Sectlon-'l.'he lakes of foaming fiery lava 
w1thm the. c_ra~er of Kilauea form lhe most spec· 
tncular exh1b1t m the Hawaii National Park if not 
in the wo:Id. The pit of fire, Halemaumnn, i~ in.side 
of the marn crnter, at the apex of a broad flat inner 
cone.. Ki lauea. is a dome vo1cn.no 40001 feel high, 
overridden by the lava slopes of Manna Loa on tho 
w 0 • t. sn thnt it seems bnt a spur of the greater and 
p erhaps younger, slag-heap monntain . ' 

~'he Kilauea. Park and the inner pit itself an 
hoth renrhed directl" bY ,utomohile from Hilo the 
second city of the Territory of Hawaii, nnd 1thert 
nre excellent hotel accommodations. The dis lanre 
from Hilo is 30 miles. Within the park there a r e 
15 miles of ronds and about 20 miles of trails. As 
s~own nn the map, there are a dozen ancient pits 
w1thm the area of the park, as wel1 as cones, cnverns 
n.nd hnt solfntnras ann. a strange desert where lnva 
flows haye )))?-red out of rraclcs ns recently as 1920. 

The live pit of Halemaumau is en•ily accessible 
an<l not dnn~erous . Frequently one can wal'k to tl10 
artnol edge of lhe splashing, fountaining lava Jnkes 
the lnvn _column rii::.i?g_ anq fnlling from year tn yC'n; 
S" thHt its moc:;t drntinctn·e clrn.rr'lf'ter is censeless 
rhange. At ni!!ht tbe spectacle is full of marvelous 
rolnr. and the recrion i_s a paradise for artists. p hotog· 
rrrphers nnd naturnhsts. 

The several sections are under tl1e coutrot of the 
National Park Service of the Denartment of the In­
terior. The United Stntes Weather B"ureau main• 
tains the Hawaii_all Volcano Observatory, whi ch 
stands on the brink of the greater crater within 
the Kilauea Park. 
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VOLCAN IC CON DIT IO N S IN NOV E MBER 

Act ivity of Halemaumau. 

At the beginning of November the l!\,va in Halemaumau was more or 
less stationary. The floor of the pit appeared flat from above but measure­
ments indicated that i t was not flat. The lake of viscous heavy melt had 
become a crusted pool occupyiug the depressior. at the top of an inverted 
saucer with cracked s lopes leading down an d away from th e lake. The 
lake was uo longer visibly overflowing. It had acquired high enclosing 
banks with a fi ery grotto under the overhang on the northern side. H ere 
a fountain of " as bubbles would burst at intervals through the sluo-gish 
fluid, breaking th e crust in concentric rings, and s ending up spray with an 
explosive cough that made a pattern of reel flecks Oil the dark surface and 
shore of t he pool. 

At uight outlying a r ec1s of glowing lava were visible on the fl oor that 
lay at the root ot the sloping dome s urmount. d by the lake. Here also 
there was a !laming cone, anc1 another glowed du ll and smouldering a few 
fe<,t higher amid the debris s lope . 

For the re t t he pit had heccme a gigantic cauldron with but little 
smoke by day and little glo\1- by ni crht. The fir st week of the month w. s 
notably 'lull, and the rate of rising decreased markedly. 

119 



During the first .half of the month the action of the lava was uniform 
with some rising in progress, but the effect of the inflowing resulted chiefly 
in increase of bottom area and diminution of bottom relief. The lowest 
portions of the floor stood about 650 feet below rim of pit. 

'l'h~ upheaval of bench lava northeast of the lake was becoming con­
spicuous. Several raised shorelines came into view, new cracks formed 
athwart the lifted dome of craggy matter adjacent to the pool, and the 
oppos ite shore was overflowed occasionally as thoug.b the lake basin were 
tilted. The annular border fill was always trickling with glowing streams 
around the edges of the big floor area. This fill was widest at the south, 
on the side away from the upraised half-dome. 

This arrangement appeared to mean that the great weight of the 
southern filling, constantly added to from the source cone and its sub­
terranean passages on the southeast side of the pit, was depressing the 
underlying cake or disn of hard Java and either tipping it up or causing 
an under flow to the opposite side. 

The third week uf November exhibited fresh rising whereby the lava 
made extensive pools all around margin of the floor area, in addition to 
the Jake proper with its raised craggy rim and fixed fountaining area. 

The floor area was now 1100 feet long by 900 feet wide, and the highest 
crag stood 600 feet below rim of pit. The lowest part of edge of floor 
stood 53 feet below this crag. The lake had now built itself up level with 
the source cone of September 2. This cone on the talus had itself risen 
and developed an open splashing pot. 

It was probably owing to the fact that the lake had reached the level 
of its source vent, that on the evening of November 16 there suddenly 
began a flooding of the annular floor from vents around the edge. The 
crust on these floods broke up with brilliant effect several times during the 
night. The lift of the lake basin had caused the underground tunnels to 
back up and seek outlets at lower level. The floods were so voluminous 
that the border region o[ the dome-shaped floor filled up until some of 
the outside lava was cascading into the lake basin on top of the dome. A 
new islet. formed in the lake. 

The sluggish stiff lava of the beginning of the month had now been 
replaced by much more liquid melt and the fountains were continuous 
and lesa explosive. Flows in one place were iapping against the north wall 
of the pit without any interveni1!g debris slopes. 

Avalanches the morning of NoYember 24 gave evidence of renewetl 
disturbRnce in Halemaumau pit, and this followed a general earthquake 
November 21 felt all over the island. The avalanches left a wide stretch 
of freshly broken wall along west side of pit and a new notch was left in 
the rim. By the afternoon of the same day. however, the debris slope from 
U,is fall was already almost drowned by floods of lava coming from the 
3purting source cone near edge of floor. T.his cone whicn in September 
had been at the top of a high debris slope, was new well out from the 
wall anu surrounded by the floods of pouring melt. 

Voluminous lava flows had so increased that this source cone hao 
become a s lag-ller,p with its summit 570 feet below rim of pit. The lake 
and general floor were about 600 feet below rim. The flows were sweep· 
iug over southern half_ of floor in all directions. encroaching on walls and 
slopes, and at times obliterating the s.outhern half of the lake shore, and 
making cascades into the lake. T.he Jake and its fountain became sluggish, 
whereas toe slag-heap cone hissed and splashed with great vigor and the 
heat could be felt on the .high rim above. 
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NOTE 

ETIRATU M.-In this Bulletin for August, 1922, on page 91, fi fth para­
graph, under " 2' ' , weight of s ulphtu· coll ect d should be 0.085 "· 



At the end of November the voluminous flowing gradually lessened 
and the cone built up its sumrait open ing until it was sealed except for a 
few flaming holes. By November 28 the southeast floor near this cone had 
been built up 52 feet within a fortnight, and the cone itself was 566 feet 
below rim of pit . The avalanches had carried away about half of th~ 
southwestern pinnacles and the glowing debris in the smoking southwest 
chasm had lo st much of its brightness when seen at night. 

There was now a horseshoe of glowing fresh Java around the dome­
·ha ped upli ft that contained ·the lake on its crest. This lava had all come 
from the sout heast Gone which was now 29 feet higher than the lake. The 
craggy edge of the lake stood 19 feet above t he liquid, and the only sign of 
acti vit y was a fountain burstr:1g sluggishly. The craggy rim had been 
nsing nearly two feet per day as though the pressure of the new fill were 
now taking effect in lifting it and the lake basin, and as though the source 
cone bad reached a limit of upbuilding for the present. 

E:artl,quakes. 

The disastrous earthquake in Chile at midnight NoYember 10 was well 
registered by the Observatory seismographs about 6 p. m. H. S. T. A 
succession of pronounced tidal waves on the beah at Hilo the ne;,..1: rnornin,,. 
(November 11) may probably be attributed to submarine earth shocks off' 
the South American coast, as the report from Chile indicates there were big 
water waves on the continental shoreline also. 

Coincident with the rapid rise of lava at Kilauea there was a strongly 
felt ea1thquake on Hawaii at 3: 27 a . rn. November 21, causing some break­
age of gla s in Hilo and !wavy shaking in Kona. Kau and Hamakua. There 
w a a second shock th e following night. 

JOURNAL, NOVEMBER, 1922 

, ovember 1. T he li"ht from the pi-t wa now dim and some fume had 
de,€lop d at the south ea t source cone. At 6 p. m. the la ke · was very dull , 
with ,·iscou lava at tne grotto where th e foun tains were explosive and 
n oisy, making rings o f broken skin and a spotted glow pattern as the 
"Pray fe ll. The small eas t cone was hissing and occasionally spitting, and 
the easten1 Ooor cons tituted a glowing a rea. The southeast source cone 
h ad a round glowing hole on t Gp with incandescent fi lagree inside. 

November 3. At 6:30 p. ru. the lava was viscous and the grotto foun­
tains very ei..-plosive. The pit elsewhere was very dull and the east cone 
inactive. 

November 7. At 8 p. m. conditions were very dull as before, the source 
cone was flaming and Java g1owing in cracks was visible on the eastern 
noor. 

November 8. At 6 p. m. lava toes were trickl ing on the eastern floor. 
A new crack bad form ed in t he slag-heap trending northeast-southwest 
tangent lo th e la ke on its southern border. This made an angle of about 
60 degrees wi th the two crevas ~cs northenst of the lake. The northeast 
bank showed seven raised shore marks, in marked contrast to the west 
bank which ba d been overflo ~ing. 

The southeas t source cone and cas-cflde slo e now stood 20 feet above 
th e floo r , and the bulk of th e recent: filling had been in the eastern part 
of th e border zone of floo r. Some slight falls of rock were beard. The 
southwe.;Lern pinnacles had los t their summit needles :..nd the whole mai;s 
appeared to lean out from the Halemaumau wal l. Crevasses south-south­
wes t of the Halemaumau rim and parallel to the rim had opened slightly. 
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The lifting of the crevassed northeast side of th e lake dome appeared 

to be the result of weighting down of the whole cake of floor on the soulh· 
west side by the overflows that had there made the deepest fill. 

Nove mbe r 11. At 10: 30 a. m . the bench lava was slightly higher north 
of the lake and trickling streams poured into cracks around the lake margin. 
There were the usual live t1icldings in the border fill. 

No\l'ember 13. Measurements at 9 a. m. made the floor 1100 feet long 
north-south by 900 feet wide east-west. The highest crag was 602 feet 
below the rim of pit. the lake 621 feet, and the lowest place on the floo!' 
at its north edge 655 fe t down. The crag thus stood 19 feet above the 
lake, and the lake 34 feet above the lowest floor margin. 

Conditions on this day showed no chan"e. There were trickle flows on 
the eastern and northeastern floor. The source cone was glowing about 20 
feet above the floor. New yellowish avalanche talus lay to the west of the 
source cone, fallen from earthy layers in the cliff above. One slide was 
heard in that r egion. Caving had produced a shallow cavern in the north­
east wall of the pit at the top of the talus slope there. 

Nove mber 16. In the evening there was b1ight fla ri ng a t the pit due to 
new floods that increased the border fill and came from the region of the 
southeast source cone. Apparently the building up of the lake ba_in to 
the level of the source cone ha d caused the feeding tunnel to back up and 
make outbreaks in t he wall-valley. 

November 17. At 3 p. rn. the increa ed floodir.~ on s;ide of the lak<> 
dome had so fill ed t he border valley that the _outhea, t ource cone was 
half drowned und er new lava and i elf built up by .:;pa •er -o a height of 
10 feet above the matter u.rrounding it. Thi ne · fill was no"'I' ca cading 
into the lake across the low south bank re\C-ersing th di.I ··on of flow 
that had so long persisted. At the t op of the -outhea.s cone th re \\<IS an 
open pot showing surging lava ins ide a bout two fee do n. The Yis ible 
slag-he:,p was smaller by encroachr:ien t of the surroundin~ fill Flows we re 
sweeping north around the west ide of the hill -o ~- ·o fill the low 
northern corner of the wall-vall ey. Th ere was a larze flat pool at the 
south, and driblet lava h aps had for rued toward he eas . The grotto 
fountain, its Java less viscous, was in its usual position. building i ts r am·• 
part, but the lake :,howeci cru led shoals at it on !! P d.. The northern 
crags were unchanged. The fill was against the cl· without intervening 
talus on t he north, and the new sou th t a lus wa hali .submerzed. Fume 
was very thin. 

November 18. At 11 a. m. the same ,igorou:;; floodiu~ wa in progress. 
Crusts cracked and toundE:recl over \. ry liquid laY-a in the north fill. The 
shoals Imel developed an elongate low island in the lake. One white-s tain€'d 
smoking cone was conspicuous on the east fl oor wruch el-ewhere exhibited 
trickling snaky heaps of pahoehoe. A very Jaree area to the south ancl 
wtlst showed a flat s urface like the floor of K eana!rakoi crater. 

November 21. A sharp ear'Lbquake was felt at 3:30 a. m. lasting ten 
or fi fteen seconds and making a mum cl rumble of avalanche a round Ki­
lauea crater. 

At 9: 15 a. m. Halemaumau showed th e effect af he earthquake in sli r,;ht 
accumulations of broken rock on the floor. The lake iountain had buil t a 
grotto half-dome. and ihe southeast source cone was co ·ei-ed with an open­
work shell glmving. The craggy dome around the Jake s ill retained its 
individuality. The only fum e came from the edge of he floor. Spell of 
cracking and found ering made occasional bright flare at nivhL 

Novem ber 24. At 7 a . m . and later some avalanche clouds ro e from 
Halemaumau. Al 4 p. m. it was found th<1.t a wide tr tch of w t wall o[ 
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Figure 17. 
November 4, 1922. Shot d rill and bor ehole No. 4, Observatory grounds. 

-Photo Jaggar. 



pit had fallen away from the top tlownward a nd large bowlders had been 
added to the west talus, some of which were partly engulfed in the floor 
lava. 

T.he border fill !1ad been rising so as to encroach upon the crag dome. 
There was a marginal rim around the lake and the grotto fountain was 
flinging spray fif1.e€n or twenty feet. Southeast source cone was now com­
pletely surrounded by floor, stood about four feet high and was separated 
from the border talus by a width of ten feet of new fill. The cone was 
surmounted by an open spitting pot, incessantly flaming and changing 
shape. Occasionally i t flung up umbrella splashes. F rom its base flows 
poured east and west, the form€:r short, the latter long. satiny and festooned. 
At t he front o[ the festoons toes wen:; in motion and there was other trickl­
ing lava in the driblet region ea t and northeast. All the floor region had 
been rising rapidly since morning as th€- fresh avalanche material did not 
li e on the upper surface except at. the northeast where a dust patch r e­
mained. 

November 26. 'fhe . ource cone wa now the highest part of the floor, 
570 [eet below rim, and the lake and we t floor were 38 feet lower. The 
source cone was black and e:la sy. hi-~jng and splashing and building it­
self up. The big flo.vs from it were pooled around it. The largest of these 
was sweepit ,\ westward alODJ? the south ide of floor where it reached the 
western talus and bent northward. Thi flow made a bright-line .pattern 
and was covered wit h silky black skin.. Other flows were trickling at the 
east side of pit. T he lake in it.S crae: ran:;.part was oval and covered with 
crust, its grotto fountain feeble in action. F'Tesh trickle flows h ad poured 
from the outer fl oor into the lake all around the semicircle of shoreline on 
the south, this standin:?: one :001 above the lake level. T.he vis ibl e r e­
ma inder of the crag dome wa- now a crescent around the north side of 
the lake bas in. Some fresh debri lay on the floor north and southwest 
and small avalanche fr,m be wall were observed. The southeast talus 
was dwindlina as the ource cone ree:ion built up against it. 

Examination of 1he western bench formi ng the Halernaumau rim showed 
tl1n.t tile .-eceni aYalanche had made a .new notch at the top. The o-Jowin g 
patch in t.h~ somhv·es t chasm at th(; soutil end of this fault bench, when 
seen by daylight, was found to follow a .curved line clown the contact be­
tween talus and base of cliff marked by pale yellow stain. 

At 9 p. m. the floor was glO\dng and the flows from the southeast 
source cone had changed direction to the north and east. The largest 
of these became slu[gis.h and then the west flow developed again. It was 
evident tilat th e source cone was buildinl!" up a new slag-heap. The older 
lake and its foun tain were s luggish. Sn:all rock-fa lls were heard. 

November 28. At 9: 25 ~l. m. the source cone was 566 feet below rim 
and the lake 597 feet. The source cone was large and contained a splash­
ing pot. The pool a round it had become a smooth plateau. This was 
cru11tect over, but from tlle edge of the crust cascades poured down the 
ou ter slope of the new h eap towards the old lake. Fresh fes toon flows 
were pouring into the lake on its south s id e ·where the lake margin was 
obliterated. The lake surface was cracking and fo undering. The inner 
bench th:ctt had surrounded the lake had mostly disappea red. 

The cr escent of northern crags, however, had bee::i rising so as to lift 
the recent fill on its northern fl ank. Outside of this uplifted area there 
was a fresh Ji,·e northwestern pool extending to the north corner of the 
fl oo r . Similar live fills occupied the northw<'st wall-valley. 

T1rnre appei\red at this t ime to have bePn some more heavy avalanch­
inP.; from the west ann sou thwest walls of Halemamnau but the exact date 
is not rflcordecl. Inspected on this clay the freshly peeled off portion of 
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the west rim of Halemaumau appeared 1vider than before. Another remark­
able change discove1 ed was in the south-southwe.,t pinnacles opposite the 
southwest cha m. All the eastern ha.If of the pinnacle ma s had fallen, 
leaving only the two western pinnacles of what was formerly a much 
larger rocky buttress. 

November 29. At 4 p. m. the source cone was capped and hi sing 
harshly. The big floods were flatter on top and had increased in size. This 
floor lava had now joined in a ring around the lake dome and only a small 
crescent of crag matter remained on the northeast side of the lake. Bank 
of lake stood one foot J1igh. Lava triclcl d in many places on the outer 
floor. The lake fountain was in action as usual. but it was evident that 
the southeast cone source was the dominant feeder of the floor area. 

LAVA MEASU REMENTS 

Measurements of depression of the mobile lava column, made with tran• 
sit. referred to northeast station on rim of Hal maumau pit (3716 fe t 
above s a-lev 1), for th month nding November 30, 1922, including floors 
of bench magma and liquid level of lake magma, were as follow·: 

Date Time Northwest Southeast outheast Northeast 
Pool Floor Cone rag 

Oct. 21, 3 :00 p. m. 650 feet 672 feet 626 f et H•-----•-•••• 

ov. 13, 9:00 a. m. 621 " 634 " 602 
Nov. 26, noon 608 " 596 " 570 .. 5 1 
Nov. 28, 9:30 a. m. 597 " 582 " 566 .. 576 

Progressive chana s for tl\e Jake w re as follows: 
Oct. 21-Nov. 13, 23 days, lake ro.;; 29 re t, averagina per day 1.3 ft. 
Nov. 13-28, 15 " " 24 " " " 1.6 " 

feet 
" .. 

On ovember 13 the lake was 5 feet and north a t crag 24 fe t above 
the lev I of source cone southeast as recorded October 21. Hence th b,lck 
Dow and marginal floodir.g of November 16. Alt r Kovember 13 the lake 
was the lowest object men,sured. 

Progres ·iv building up of southeast floor wa : 
Oct. 21-Nov. 13, 23 days, floor ro!Se 38 feet, averaging p r da.y 1.7 ft. 
:Nuv. 13-28, 15 " " 52 ° " u 3.5 " 

Prugressiv rise of no:·th ast lake shore to make -crag was: 
Nov. 13-28. 15 days, crag ro e 26 f et, averaging per day 1.7 feet. 

This crag lift was pure tumes·cence, wbe:-ea - the rise of the southeast 
noor was accomp lished mostly by overflow. 

T.h rise and building up or outheast ource-cone proceeded as follows: 
Oct. 2J.- ov. 26, 36 days, cone gained 56 feet, a,-era 0 'ing per day 1.6 ft. 
Nov. 26-28, 2 ° " 4 t, " " 2.0 " 

1'h actual g,i ins of cone and so utheast floor we!'e greatest after Novem­
ber 13. 

the 
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omparativ monthly 
pit bottom fl'Om Jun 

July 
August 

eptemb r 
October 
Novemb r 

change. or level of the lowest solidified part of 
to Nov mbor w re: 

La n in.flow 
!=;Jigbt slumping 
Lava inflow 
Lava inflow 
Inflow and upli tt 

+ 70 feet 
- 29 " 
+100 " 
+ 65 " + 73 " 



SEISMOMETRIC RECORD 

Dm·ing the month ending midnight November 30, 1922, twenty-three 
local earthquakes and two te leseisms were registered at the observatory. 
•rnese and other earth movements a.re exhibi ted below. Distance of origin 
when indicated by the instrumental record is stated in English miles. Time 
is Hawaiian Standard of meridian 157° ·30' W. 10 h. 30 m. slower than 
Greenwich. 

Local Earthquakes. 

Nov. l...·-······ ·-·· · 2: 23 p. m. 
2 ....... : ....... _ 5: 37 a. m. 
4 .. ·---·-····-··· 1 : 19 a. m. 
5 .. ..... ·- ·-····· 5: 39 a. m. 
6.·---·· ··-··-· ·· 6 : 03 p. m. 

7:12 p. m. 
l0_ ... .... ........ 12: 37 a. m. 
1 4.. .............. 2:10 a. m. 
16 ................ 5:47 a. m. 
18 ................ 5:16 p. m. 
19 .. : ............. 3: 57 a . m. 

Very !eeble. 
F eeble , distance 11 miles. 
Very feeble. 

distance 15 miles 

Slight, distance 2 miles 
Very feeble . 
Three very feeble quakes 
Very feeble. 

together. 

20 ................ 11: 25 p. m. Felt in Hilea . 
21.. ............. . 3: 27 a . m. Strongly felt locally and at Hilea and Hilo. 

Dismantled instruments. 
9: 21 a. m. Very feeble. 
9:25 a. m. " 

22 ................ 12: 15 a. m. Moderate. distance 9 miles. E-W com-

23 ............... . 
25 .............. .. 

29 ....... ........ . 

Tel-eseisms. 

12:56 
3:07 
5:50 
6:21 
1:15 
5 :23 
7:2 

ponent dismantled. 
a. m. Very feeb le. 
a. m. 
p. Ill. 

a . m . Feeble, d·istauce 
Jl. m. Very feeble. 
a. m. 
p. m. F eeble. 

Nov. 7 ................ 1 : 03 p. ;n. Slig.ht. 

4 miles. 

10 ................ 6:16 p. m. Moderate, distance 5875 miles. 

Spasmoc! ic M icrotremor. 

T his typ of trE•mor was s light throughout the mon th. 

Harmonic Microtremor. 

This type of tremor was extremely slight throughout the month. 

Microseismic Mot ion. 

T he anmlitude or mi scroseisms was slight except moderate on the 12th 
and from the 28th on . 

Tilting of t he Ground. 

By weeks this movement was as fol.lows. expressed as angular chan ge 
and di rection of motion of t he plumb line: 

Oct. 29· ov. 4 .... ............ 3.8 seconds ESE. 
ov. 5-11.. .............. 3.5 SW. 

12·18 ................ 1.7 ENE. 
19·25 ................ 1.1 WSW. 

26-Dec. 2 ................ 1.2 E . 

\ 

T. A. JAGGAR, 
Volcanologist. 
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~ILAUEA 5ECTION 
OF" 

HAWAII NATIONAL PAl:2 K_. 

L•9and 
Ool'<11"nrn«n.l Rood 

Black spot shows location of Observatory. 

A,ll exchanges ehould be addressed to liantly colored lava slopes, has ,. summit crater S 
m,Je,,. long by 1 ½ miles wide, with walls 700 feel 
hiith. and when in sot.ion fountains of fire froth are 
here jetted 500 feet into the air. Every five or ten 
yenTs splendid spectacles of lava eruption tLre staged 
on the mountain. sometimes from the lower flanks. 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano House P . 0., Ha--.,,aii. 

The Observatory is equipped with the following 
1eismoroetrlc instruments rebuilt at the station in · 
1918 for the special needs of volcano research; two 
Bosch-Omori pendulums, high-speed registration of 
local earthquakes; one optically recording seismo· 
graph for distant earthquake•; one clinograph register· 
ing E-W tilting of tlie ground. A vertical component 
oeismograph was in December. 1918, set up in ex­
perimental operation. These are seated on concrete 
piers in a elosed bn.sement l"oom having practically 
constant temperature. beneath the chi ef Observaton· 
build.ing near the hotel. Time is referred to a rated 
chronometer, checked at intervals by wireless signal 
from the Pearl Harbor Naval Station. The chrono• 
m~ter is loaned by the University of Hawaii. Ha· 
wniian standard time (H. S. T .) is 10 hrs . 30 min. 
elower than Greenwich time. Observatory Lat. 19° 
25' 54.2" N .; Long. 155° 15' 89.2" W.; Elevation 
1214.6 meters (3985 feet ). 

HAWAII NATIONAL PARK. 

This park was created by act of Congress August 
1, 1916, and includes three famous voloanoes-Kilailea 
and Mauna Loa on HawaH and Haleakala on 1{nui. 
Frequent passenger ateamers ply between these islnnds 
and Honolultt. 

Haleakala Section-H&leakala, ' 'house built by the 
~un, '' a peak mo.re than 10,000 feet high, carries au 
immense fi ssure-like crater 8 miles long and 3 miles 
wide. with walls 2000 feet h i,;h. Here, as well ns 
on Mauna Loa and Mauna Kea. l!rnws the SilvPr 
Sword (Arg)-roxiph ium) . 'l'h irt••n vol canic cones lie 
w~ollr with in thC' <:rater. some rising nearly to th e 
he1ght of thP s11 mm1t. The l!;<' enf" et e1mrise is ma1·• 
veloush ben11tif11 l. 

Wailuln1 if- thP point of dPpH.rtn re, autom"hilPr:. tnk 
ing the tTn ,·elcr to Olinda, a summer residence set­
tlement J O-I ~ fee• high. After 2 hours drive to th is 
point, &addle horRes are taken to the summit a ride 
of 3 ½ bn11rs. "Here is s :fine concrete rest hon sf' 
b1;ilt _by the citizens of Maui, and fully equipped 
w,th iron beds. bl•nkets. •toves and cooking utensils. 

Mauna Loa Sectlon-Mauna Loa. a vast dome 
18.67~ feet high . rea ched thrnngh for-et• of Hn­
,..,diAn maho~any (koa) :snd tree fern, then np bril • 

There are trail"s on the Kona side, and also from 
the southwest, but the usual and best route i• with 
sarldle m11les ft-om the Kilauen section to Puu Ula· 
ula (9800 feet), a ride of six hours. H ere there 
is a fully eqnipned cottage with stables and water 
supply. From this point on the second day a four­
hou r r ide takes the visitor to the summit crater 
where there is water. A r i-ibt of way within the park 
connects Kilauea with ]\fauna Loa. where eventually 
a rond wm be constructed. The views are gloriou• 
and the chasms. cones and contorted lavas indescrib­
ablv chaotic. 

Kilauea Section-The lakes of foaming dery Java 
within the crater of Kilauea form the most spec· 
taculnr e~hibit in the Hawaii National Park, if not 
m thP. wo~ld. The pit of fire. Hnlemaumau, ie inside 
of the marn crater. at thP apex of a broad flat inner 
cone. Kilauea is a dome volcano 4000' feei high 
ovPrri tld P" by the lavn slope~ of Manna Lon on th~ 
wru•t c:: " th,t it sePm!!o= hnt n ST)UT of the greater and 
Perhaps younger, slag-heap mountain. • ' 

The Kilnnea P nrk and tl,e inner pit itself are 
hnth r enehed directlv b,· a,itomohil• from ffilo , the 
serond rity of the Territory ro f Hawnii. an <l then 
ar e e,cellent h ~tel accomm ~dntions. 1'he dis tance 
f•·~m Hilo is 3CI mil es. Within the pnrk there are 
15 miles of r oa ds nnrl about 20 miles of t,,.ils. As 
sho".'n on the map. there nre a do7.en ancient pits 
u·1H"n the ares nf the park. as well a" cones. c:-iverns 
and h t so l!atarns and a str ange desert where Jnva 
fto"rs have pnured out of <'racks as recentlv as 1920 

The live pit, l') f Hnlemu.umau i~ ea s ily· acce~sihl~ 
nn il not dangerous. Frequently one can walK to the 
:l"f nnl erl~e nf the spla<:,hlne. fountninin~ lava lakes 
the Ja,ra _column ri ~i:nfl'. rin~ fnllin'! from yea1· t'l yea; 
,;:: tl't"lt 1to:. mo o:: t d1c.: tinf'tive rlrnra.cter is ceaseless 
•·hn nge. A, ni .eht t.h ·pectac'e is full o-f marvelous 
co lor, an d the region is a paradise for artists, photog­
raphers and naturalis ts. 

'!'he sever a l sect ions are under the control" of the 
.·atione.l Park Service of the Department of the In­
terior. The United Sta tes Weather 13"ureau main­
tains the Hawaiian 1Tol rano Observat,.,1·v whi "b 
~t11nds on the hrir.'k of the gre:i ter crnt8r wi thiTI 
th e Kiln.ueft PaTk . 
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GENERAL MAP, KIL.A EA ECTIO , HAWAII ATIONAL PARK 

V O L CAN IC CO N DITI ONS IN DECE M BER 

Act ivi t y of H a lemaumau 

The month of December at the Halemaumau fi re-pit inaugurated rP · 
newed rising of liquid lava in big floods. These pomed acrm;s the f\001· 

area from the southeast source cone, building up a lava plateau so high 
1.hat th e cas-cades o[ glowing melt were tumbling into the no t thern lake all 
tl.J rough U1e first -week. T.he crags a :-ounc] this lake bad risen farther and the 
lifted ground was stained and ,::racked. The whole north half of the floor 
lifted away from the base of. 1.he cliff, making a new scarp there facing 
toward the cliff which continued as a long straight crevasse in the floor. 

By December 9 the souree cone was drowned under flood s of its own 
slag, and its well bad become a pond in the plateau. This place began 
some remarkable performances. For ten minutes at a time the lava sour-ce 
'lt the well stopped feeding and the liquid in the orifice subsided. Imme­
diately a cascade torrent rush ed back into the well from the plateau pool. 
and a funnel 80 feet in diameter was revealed, with walls of pasty aa lava 
l'ed hot" where incandescent crusts were flaking off and sliding down the 
slope. Th grotto bank fell iu. Then th upward pressure was restored, 
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the foam ing liquicl rose, the pasty banks disappeared, and there was an 
overflowing pond again. 

The pit was now very bright at night and the heat was felt on the 
rim above. The floor was inunen e, about 1200 feet in diamet r, and several 
o[ the marginal debris slopes were now drowned under the lava fill. The 
general level of U1e bottom was 550 feet below rim of pil 

The middle of December found vigorous lava activity increasing and 
the liquid spouting up through the source well was building up the bottom 
20 feet or more per week. The average level of floor of pit was about 525 
feet below rim. and U1e rise was partly accomplished by a swelling up of 
thE< northem half o[ th e floor area, lifting the older la a pond on top of it . 

This small lake was encroached upon by big floods of incandescent lava 
pouring into it from th other side of the pit. Th e cascades added to 
b ank of lake on that side. The lake itself remain d qui et except for one 
small grotto fountaining ancl spurting. Each casci,de into the lake would 
break the crust and flow in fOi' hours at a time without seemin"' to alter 
the lake level or cause it otherwise to fracture its shell around the mar­
grns. The other or northern sicle of the lake had b come a cliff facing a 
crescent of ,crags 20 or 30 feet l1igh, always !Hting and craclcing on top to 
compensate th e fill of new lava that surrounded the craggy cup. 

This annular fill was s upplied by flows increasing in volume, heat output 
and liquidity. Their source had b come another fountaining grotto on top 
o[ the big slag-h ap occupying south ha lf of floor. The floor alone was 
now as large as the whole pit of a yea1· ago. On top of th slag-h ap lay 
a pool usually more or les crusted, surrounded by a ra mpart level with its 
surface. This overflowed and built up continuously, k eping its edge level 
b y the shirt in the flows, first on side. then the other, and sometime on 
all sides at once. Such displays were intern;ely ho t and spectacplar. the 
fl ry liquid forking out into golden leaf pa tterns and flooding ev , ything 
cl ar to the foot of the debris s lopes. · 

The Decemb r sol tic was marked by increasi ngly vigorous gushing 
or lava over floor of pit al a depresr;ion of 506 feet below rim. About 
Decemb r 17 a n w spoutino- cone developed a.t the root or the Ion"' south­
west ta lus , and juRt wi1er the 1920 rift emerges into th pit. This cone 
buil t up a new plateau pool so that by Christmas ti me there wer three 
distinct lakes, two of th m fed by spout ing wells. The third was the cra<1,­
border ed cup of September and clober, now at a lower level than t11e­
other wo lakes. This cup remain d a stan ant depression until D c mber 
22, wh n il was fill ed to overflowing by 1h inpouring floods from th other 
pools. 

The resull was a flat bl ::>.ck noor with three lakes more or I ss cl r-f\n 'te 
in outlin according as they sank or not within their CUlJR. That the-~ 
was r ally diff rence or r liM in • veral plac s was shown by the casc·,d­
in."' str ams or molten lava from one lake to another. The crao-s that 
stood 15 reet abov the north lak wer 110w almost completely drowned 
under fr sh flows. Th whole floor was being li fted and bu;it up so as 
to net a ri ·ing of from 20 to 25 f t per w ck. This repr sented a large 
bulk as th floor was more or Jess circular and 1200 feet across. 

At the encl of the y a1· the lava was I ss than 500 feet b low i.he ,·im, 
there was littl smoke Hnd on on day there was six feel of ris ing. The 
flo or :;lo prd from west to east, th highest source b ing now the south­
w ~Lern vent wb nee la va ca ca.des were pouring. During rapid o-:e!·flow 
there w r cascacl s over 100 feet wide. ·rhe height of liquid Java in the 
Jak •i; was varia ble . rnmet1mes oblil r ati ng the lake ma1·~ns and so1.:e -imF 
l a ' ing tho e ma1 gin· 10 to 15 r t high. T here was lo;id hissmg rrom a 
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veut at the Jake border and two or more fountains were alw_ays in action. 

Oiscoussion of Special Features. 

UNIFORM RISING-Under the title "Lava Measuremen ts" in this Bul­
letin appears a summary at the end of the i.ection setting forth the total 
vertical gain or loss of the lowest part of t he Halemaumau bottom each 
month from July to December, 1922. · 

The striking feature of these figures is that seventy feet, more or less, 
has been added to the funnel-shaped bottom of the pit every month except­
ing August, when the lava suffered a relapse. The measured figures for 
those mon th:; that are carefully evaluated, agree approximately with the 
monthiy average for the whole period. 

Un:form vertical growth each month in a pit that is funnel-shaped 
dot!S not mean uniform volume ei:.ch month, but rather increasing volume 
each mouth. That the volwne increase should result in uniform rate of 
rising is r emarkable. Uniform rate of rising independent of shape of con­
taining vessel suggests a hydrostatic control, as though a much grea ter 
volume of lava were rising in the fissure under the island, and the Kilauea 
well were acting as a gauge to exhibit apportionate levels. 

An apportiona.te level in foaming lava is not necessarily the same 
level, for the roam with its ga.s restrained from bubbling under Mauna Loa 
migh t hold a lower level for many mouths than the free froth in Hale­
maumau. Also after the big mountain yields and the explosive froth there 
,Jours forth, at the high summit, the first effect of gas expansion is a rising 
a t Halema umau. followed by sharp sinking when the Mauna Loa gas is 
released at the end of a flow period. The term hydrostati.c is therefore 
not appropriate. as the n•sul t is rather "aphrostatic" or foam controlled, in 
accordance with the laws, as yet unstudied, that govern the movement of 
silicate melt cilarged with gas in solution. 

Contemplation of this mechanism as. exhibited in Hawaii r eveals the 
remarkable probability that a common level in the hydrostatic sense is 
a condition of instability for two or more connected Java columns, variously 
confined. 1'!Jey are variously viscous, variously saturated with gas, and vari­
ously vesiculating tha t gas, to make bubbles that chemically heat the melt 
and alter the viscosity. The vesiculating process alters internal pressu re 
enormously, and is itself sensitive to external pressure. Underground lava 
is like the foam on beer confined within mobile and changeable bottles 
connected together. The eart.h crust is subject to tidal, atmospheric. oceanic 
and seismic p1 essures continually changing. Probably the lava occupies 
cracks in a mobile mosaic of rocky b locks or shells. Moreover the edifice 
constructed at the volcano is faulted and fissured and racemented so as to 
confine and release the expansive foams ir. accordance with some age-long 
habit. 

It seems likely, then. that a uniform rate of rising fodependen t of shape 
of pit gives evidence of a large low-level body of magma under the island 
which is also uniformly rising. The lava roam in the pit is maintaining a 
level apportionat.e to the bubbling- of ·gases which the pit mechanism itself 
favors as a vent for reducing pressure locally. T.he larger underground body 
is denser and more viscous, less vesiculated, and possibly cooler than the 
pit lava. 

Perhaps the entir e recovery in 1922 was occasioned by t he readjust­
ments of pressure due to the breakage of the mountain along the Puna rift 
in May 1922. If so the greater lava body may also be rising under rem­
nant gas pressure, but be losing its gas only at Halemaumau. This would 
make the rising movement a remnant feature of the cycle 1913-1922. rather 
t han the initiation of a new cycle. The recovery in 1922 was more like 
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the events of 1911-12 than like those of 1913-14. It was more like one 
of the sharp r isings at the end of a cyck, than like the dull years of a 
repose period followed by an awakening and gradual filling. 

J OURNA L , DEC E M BER, 1922 

D ecember 1. Halemaumau pit ,yas now sluggish in its activity and 
dark at night. The crag wall over the Jake was slightly higl.1er, the lake 
crusted and the one fountain exploding in viscous fashion. The southeast 
source cone exhibited at its summit a small glowing filagree patch with 
flames and a slight h issing. Around the margins there were glowing, 
crusted flows that had their source towards the southeast and occupied a 
J10rseshoe around the ra ised dome containing the lake. The brightest glow 
cracks were on the northeast and southwest sides; there were hardly an y 
moving toes of live lava. Some small falls of rock from the walls occurred. 
The southwest pinnacles at the entrance to the chasm on that side of the 
pit rim appeared smaller than before. The debris inside of that chasm 
bad been glowing extensively two months before, but now showed only a 
little glow in its lower part. 

December 4. At 4: 30 p. m. the southeast source cone was b right and 
contained occasional fountains splashing well above the orifice. The flows 
from this source had increased, and them were bright toes all over the 
marginal floor except in the cragey region northwest of the lake. One 
small Java stream was cascading f1om the flow area into the lake. 

December 5. At. 4 p. m. the wurce cone was 554 feet, the lake foun­
tain 594 feel and the lowest floor margin 598 feet below rim of pit. A big 
flow was pouring northwest from the cone into the lake and other fresh 
cascades were frozen a ll a long south half of lake. A branch of the flow 
extended to the west talus, rmd a flat pool of live lava with black satiny 
skins occu pied the whole southern half of the floor ... Driblet flows from 
this pool filleq the floor areas east and west of the lake. The north edge 
of the floor was fre8.hly swollen and cracked and the northern crescent of 
crags aro1;,md the Jake had risen. The lake crust was swollen and crackerl 
and the lava flung up at the fountain wat viscous. Two or three small live 
cones had formed nea1· the east herder of the floor. From the source cone 
there were occasional strong breathings and spittings. 

December 7. The pit was -uow brigh t at night and the fume was thin. 
At 6 p. n1. the source cone was fountaining, and in addition to the big flow 
that cascaded into the lake the re were ,hree or four oth-::> r st reams pouring 
no rtheast over the edge of the source cone plateau. This plateau or slag­
!.1eap had been so built up and spread out that it covered the whoie south­
east half of floor of pit. There w€re bubble fountains at a small pool near 
we3t base of source cone The flows were making a crunching-, rumbling 
noise. The lake with its fountain and bord er crags 1·emnined as before. 

December 9. At 10 a. m. the lake was 575 feet below rim and, the 
southern plateau 25 feet higher. The southeast source cone was drowned 
under its own floods, but there remained a grotto rim facin?: west with a 
foun tain beside it. A cascade continued to pour into the lake. The floods 
bad eucroached upon the northern crag area. The lake had become round 
and small in the northwestern part of tl1e flol'r. The new craggy area 
creattd out of the floor near the north W'lll of pit had been li fted bod' lv 
so as to turm a low wall fac ing .:iorth. Along the wall-crack below there 
wa~ a swollen fi ll of fresh lava. Apparently the bench lava of the northern 
,·egion had been squeezad up by the weight of .:he southern accumulations. 

Just beforn 10: 30 a. m. the southeastern source well suddenly became 
a ca:· ldron of subsidence with ?;)owing walls of ila !ava f<haped like a funnel. 
In to tl1is a cascade rushed back from the plateau pool and the border 
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gro tto fell in. Aa slabs and flakes slid down th e slopes, red, pasty and 
powder y. ·rhe region sout h or ti:l e cauldron was seen to be a mass of 
cracked bench magma. The funnel was about 80 fee t in diameter. Tlns 
Jownrushiag cascade lasted about t en minutes and after 10: 40 a . m. the 
bo ttom of th e funnel was seen to be filljng up with bubbling lava. At 11 
a . m. lava. ·was flowing up the funnel strongly from the source well beneath 
so that the plateau pool was again filled. At noon the crust of old north­
west lake cracked up with strong effervescence. 

The £outheast lake was LOW a definite oval puddle on top of the plateau 
from two to three times larger t han the northwest lake. Near the splash­
ing fountain at the well the bank was l)·om one to two feet high. The aa 
bank had been gradually submerged, a pattern of bright-lines appeared on 
th e surface of th e pool, and toward the ·west the bank was overflowed. 

This history revea led the mechanism whereby a blowing cone at th e 
source of flows may be gradually con verted into a lake by the building up 
of a slag-heap. When the sinking spell occurred, the liquid that flowed 
back into the source well was t h shallow fresh pahoehoe of the pool and 
the material of the plateau on all side" appeared t o be a.a paste just beneath 
a thin pahoehoe crus t. For except a t the funnel of downflow, no' depres­
sion was produced by th e drainage, a ll the outer part of the plateau pool 
a ppearing like a mud fla t vaca ted by the Ude. T he crust of the pool had 
be n -cracking a nd £-ounde riug ju ~ befor e the cascad e and r eversed flow 
began. Apparently everytil ing just belaw tbe surface was potentially a stiff 
aa paste. 

The sou thea t ta lus wa now drowned under fres h Java. Grea t heat 
was fe lt on r im of pi t. One small fa ll of rocks was observed at nor theast 
wall. 

At 5 p. m. the sou theast lake was overflowing towards south and north­
west, a nd one small nonbwe t branch cascadec1 in to the old lake. There 
wa · slight s trnam mg w.to out heas t lake towards sou t hen.st grot to wbei e 
there was occasional fountaining. 

A new cone had rormed in the floor nea.r the base of the southwe t 
t alus just whei e t he ca vern of the Kau Dese t rift was buried up by the 
avala nches of May. 1922. This cone gave vent t o a vigorous flow that 
divi ded into two branch es, one 0 ·oing towar d the eas t, and the larger 
tream car.ca.ding into the northwest bke. There was some fountaining at 

[he 80urce o.: Lhese flows. 

December 10. At 4 p. m. the lava ylateau on the southern half of the 
floor was sending trickle flows down its flanks, the -cooler crusted portions 
e f t he su ;·face reflecting the li g:ht in moire or "watered silk'' patterns. Flows 
were trickling into the northwestern Jake which was sluggish and exhibited 
its usua l fountain. 

Then a series of grea t flood s began, inaug urated by genera l cracking 
a nd found ering of crust at th e southwestern part of the pla teau pool and 
t hi s was expanded into a ge,1ernl overflooding to the so1Jtb and west. Big 
dis tribu lary flows reached the south wall and western talus, fillin g in tlle 
holl ows . Large skins incessantly parted from the crust on the plateau 
pool and floa ted to the narrows of the several cascades wher e the pieces 
we re rotated and torn :i.nd carried down the steeper slope. As the s evera l 
riv ers w;ent over th edge or the plateau, they r evealed a bed ot red-ho t. 
pas te, exhibited through th e st reams like incandescent mud banks. The 
liquid would advan:::e in pulsati,ms over these glowing banks. and this pro­
cens was watched (or a hal f hour. The only portion of the southeast la ke 
rhat sho,ved a bank was at t he splas.hing source grotto. Everywher e for 
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an hour the lake was full to overflowing, and the overflows bei:ame con­
centrated towards the northwest. 

There was almost no visible fume from the pit, but a brig.ht blue gas 
rose at the southwest chasm and at the Postal Rift solfa.tara north-north­
east of the pit. 

December 12. The pit was very bright in spells on the previous night 
a.nd very dull in the early morning. At 10 a. ro. floor was qu iet, rnutbea:, t 
plateau was crusted, northwest lake was sluggish with its usua~ fountain, 
and Jive toes, were in motion amid driblet heaps northeast. 

At 10:15 a. m. the crust of plateau pool suddenly broke up strongly 
r,nd the bubbling llot melt welled up and flooded over the outer slopes of 
the plateau hea p. Intense heat was felt on the rim. The flows were very 
rapid, cascading into the old lake and spreading westward to the taius. 
At the southeast grotto the streaming was toward the rampart with much 
bubble foun taining. The plateau lake showed banks more defimte than 
before and a peninsula on its northern side. The cascade into the north­
west la.ke b1:oke a hole t.hrough the -crust and I.hereafter .produced no visible 
effect on the lake. · 

There fo llowed a rapid cessalion of overflow and the southeast pool 
became crusted without any lowe1ing of level. 

D·ecember 13. At 10:30 a. m. the plateau outheast was found highrr 
thau before and the northwest lake was becoming increasin"'ly buried by 
encroachment from the south. Flows were pouring from fou r places in th 2 
edge of the southeast plateau. one of them reaching the northwest lake but 
1he two lar.,.est had their source near the southeastern grotto and swept 
in a succession of rapids and pools around the wall valley to t he west and 
north, there merging in to one torrent . Across the sotheast pool the crus t 
was slowly cracking and foundering. 

December 14. At 3 p. ro. there were small fountains at the grottof'S 
in the two lakes, a t rickl e flow poured into the northwest la ke, some small 
rock fa lls were heard and there were flows on the outel' flank of the south­
east slag heaps. Sporadic foun tains occuITed in places of cracking 
and foundering or where a flow crossed the edge of the plateau. T here 
was little rume even from the southwest chasm. 

About 4 : 30 p. m. an avalanch C' from the northwest wall sent up a cloud 
of red dust. Then the plateau lake southeast was seen to be voluminou~.ly 
overflowing on all sides, each flow spreadinc- out in intricate pattern like 
a.n immense leaf, the western flows reaching the talus in a few minutes. 
The pattern recall ed the first outgushing~ of July and September. A bi~ 
flood entered the northwest lake. 

This pulsation of overflow wa~ the bigg~st a.Hd m-0Gt fluid in appP.ar• 
a.n-ce that had occurred during the presen .. rising period. In the eveniw~. 
a big flow from tile soutbnas t followed :he eastern and northern wall­
valley in a half circle. At night the pit was variously bri5ht and dull in 
spella. 

December 15. From 9 to 10 p. m. the pit was rather quiet with a 
flow stUI in progress from the no1 theast side of the southea•t pool. Sma :J 
flows broke over th e north side aud enter d the northwest lake, and oth · rs 
moved west. This older lake wa s quiet and small, its fountain active withi;i 
a grotto nearly closed w ith stalactite curtains. The wall-fill was glowin!1.' 
on nortile;,st, north and north\\·es t s irl es of floor. Tl;e fill between rnutt1-
easi. grotto and wi:li of pit S()Utheast was seen to be cracking and fo under­
ing. A li t tle glow and smoke wet'e s till in evidence in the hi gh debris ()f 
southwest chasm. 

December 17. Ai 3 p. m. southeast plateau pool was sending one main 
stream In a s ickle-shaped channel from its n01thwest bo rder a:'ound to tile 
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Figure 18. 
S hot drill :rnd i ts tower , as se t up in Ob e rvatory g roun ds during 

Augu;,t, 1922.'-Pho to Jaggar. 



west si de of the norti1west lake. This tcrrent rushed downhill rapidly, 
with a slow moving portion in its middl& comse. Short flows moved on 
the northeast s lope of the plateau. 

The new southwest cone was smoking at t he foot of the talus slope, 
stand ing about five feet high, with a fo untain ing pool splashing beside i t. 
T:1is appeared to be the source of large flows that moved along t h e west 
side or the fl oor northward. The north and northeast taluses were now 
nearly -covered. 

Decemb-er 18. At 4 p. m. the north,vest lake was low in its cup with 
collapsed crusts and neither rounwm nor grotto was visible in its ac­
customed place. About fo ur flow channel. were vis ible extending to this 
lnke from the plateau heap. Several flows into the west s ide of the old 
1ake !:Ja.d built out a promontory, and these came from the new southwest 
cone now flooding west side of floor extensively. This cone was 10 feet 
high with bright spurti!lg orifice. and a spring of viscous lava gushing out 
beside it. Th ere were short flows ancl glo,Ying lava fields supplied from 
the south, soulhw •r t and northwest sides of the plateau h eap, but the 
nor theafl t lava field~ were quiet and dark. A r;)ck-fall was heard towards 
the north. · 

December 20. At 4 :30 p. m. southeast and southwest wells were· both 
supplying flowin g lava that poured towards the northwest lake. The s outh­
west well bowed a viao:-ou - s tream northward from a pool alongside t he 
cone and this fed a creeping wall-valley pool northwest of the old1 lake 
and three tri-ckling streams that poured into the west side of the lake. The 
southeast pool had bee n m·erllomng down the flanks of the J.1eap northeast 
and a live stream running in a tortuous channel reached the crevasses of 
th craggy region on th e northeast side of the old lake. The lowest .part 
of the floor lay alona th<! base of the northern and northeastern walls of 
pit. 

Dece-mber 21. At 9 p. m. the s ituation was much the same, one small 
stream cascading from s out11east lake to northwest lake, and t he southwest 
pool showi ng a. bri ahl outline and crusts cracking and foundering around 
lhe southwest cone. 

December 22. At 10:30 a . m. the southeastern fountains were 505 feet 
below rim. The soulhea t pool was crusted and t here were whiten ed cracks 
back of its east margin and dri blet heaps northeast of it. The southwes t 
c:me source wa now· becoming dominant with smooth live streams sweep­
ing northward from it to the nortlnv-est lake and beyond, for the latter lako 
was ill turn o : e rflowing its northern and eastern bank:J. There was even one 
crn:-ted st,·eam fro n1 the !lOuthwest that :1ppa.rently entered the west s! de of 
the southeast lake. All of this westem fl ood half circled the floor by wav 
of the wall vall ey making a large flat pool at the base of the northern a nd 
n or theaste.ru walls. Only a small 1·emna11t was left unsubmero-ed of the 
northern group o( crags . 

December 25-. At 11 a . m. the floor was quiet except for small flows 
m~.king live toes along the northwest wall, some s plashing and hissing f., t 
the s·outhwest cone. cracking and foundering of crust in southeast lake and 
loud his~ing towards the north, pTObabiy from the covered gro tto of thu 
norlhwest lake. 

December 27. At 10 a. m. a vigorous flow was pouring from under the 
crust that surroun ded t he southwest cone. One branch of thi R flow went 
towards th e no rtbwest and th ree branches -cascaded into the southeas t l:lke 
showing that the southwest heap was now dominant. The southeast Inke 
was in turn overflowing towards the northeas t from a phice near the bas-? 
of e::st ,\·all. The; e was loud hissing from the northwes t lake vent an,l this 
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pool had a bright margin and stood about 10 feet below its banks. Great 
h eat was fe lt on rim ot .pit. 

Oecemb-e r 28. At 4 p. m. a lava. flow about 70 feet wide poured over 
the bank of t he southeast lake towards the northeas t into a valley along 
tile wa.11 that stood lower than the central region. This central floor ap• 
pearecl t o be heaving, up, as large cracks had opened and cracking sounds 
were beard. There were small flows on the floor around the southwest cone. 

December' 29. Th e southeast lake was again vigorously overflowing 
into the northeast wall-valley, whi-ch • continued to maintain its depression 
in spite of the rapid fi lling tha t .had been going on there. Fountaining con· 
t inued iu the southwest cone and at i he south east end of the southeast 
lake. In the northwest la ke an occasional fountain was observed and loud 
.hissing was heard from the vent on north rim cf this lake. 

Deceember 31 . At 10 a. m . signs of subs idence had appeared. The 
southeast lake was falling and stood 10 to 15 feet below its banks. An 
paste had appeared on the banks. T he southwest cone was still flowing 
and made two small cascades into the southeast lake. Smal l trickling flows 
were in motion on northwest fl-oor of pit. The lava of northwest lake was 
streaming to the south from under the north bank where loud hissing oc­
curred every few minu tes. 

LAVA MEAS URE MENTS 

Measurements of depression of the mobile lava column, made with 
transit, refe rr d to northeast station on rim rif Halrnaurnau pit (3716 feet 
above sea-level), for the month ending December 31, 1922. includ ing floors 
of bench magma and l iquid level of lake magma, were as follows: 

North- Sout h- South-. South - North West South-
Date Time wes t east ea s t west F loor Floor west 

Lake F loor Cone Floor Cone 

Nov. 28, 9:30 a. m . 597 ft. 582 ft. 566 ft. 
- East 

Floor 
Dec. 5, 4: CO p rn. 594 n. 570 tt. 554 ft. '596 ft. 

·south-
eas t 

Pool 
Dec. !J , 10:00 a. m. 575 ft. 543ft 552 ft . 592 ft. 
D c. 22, 1.L:00 a. m. 524 ft. 507 ft. 534 ft. 506 ft. 494 f t . 

Pro 0 Tessive changes for the nor thwest lake wer as follows: 

Nl'Y. 28-Dec. 5, 7 days, lake ro e 3 feet, averagiug per day 0.4 feet. 
Decem ber 5-9, 4 19 " " " 4.7 " 
December 9-22, 13 51 ·• 3.9 " 

The eastern floor at t he sile of the ~outheast cone beca me convertP.d 
into a plateau pool during the mou th. The growth here at the east and 
1:>outheast was as follows : 

No,·. 28-Dec. 5, 7 days, COi:le and floor rose 12 f~P.t, .a vera,;ing per day 1.7 ft. 
Dec. 5-9. 4 cone and pool " 11 " 2.7 .. 
D0c. 9-22, 13 pool " 64 .. 4.9 .. 
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The w stern floor was also built up and developed a spouting cone, as 
follows: 

December 5·9, 4 days, floor rose 44 feet, averaging per day 11.0 feet 
D cember 9·22 13 " " 46 " " " 3.5 " 

The coue on southwest floor was built 12 feet higher still , until it bad 
beC'ome the high sl poin of t !1e crater bot ~om. The northern floor Jiacl 
gained about 58 feet in the J3 days av iaging 4-.5 fe t per day; here there 
was marked swelling as well as filling. 

The monlhly changes of the bottommost part of pit floor measured 
since the June low level tbal follow .d the May collapse, representing the 
vertical growth of the bottom, were as [oilow 

July L.1va inflow 
August light s lumping 
September La ,·a inflow 
October Lava inflow 

o emb r Iu tlow and upli ft 
D cemb r Inflow and upli[t 

+ 70 feet 
- 29 " 
+100 " 
+ 65 " 
+ 73 " 
+ 73 " 

From July to September no attempt was made to evaluate figures as 
of last day of mon lh. In October, November and D cember this was don f!. 
The averag for the fi ve mon th , omittinu August whea the pit was dead, 
is 76 feet per mon th . 

SEISMOM ET RIC RECORD 

Dm·in lh mon th nd1n,; mid night Deceruber 31, 1922, thirty.four local 
<-'ar thtJUilke and three lei "eism , wen , r gi.s ter d at th obs l'l'atory. Thes 
and other ear th movem ents a re xhibi ted bel:iw. Disla.nee or origin when 
iad icat d by t he in u ·umeutal 1 cora i!. ta t d in English miles. Time i 
Hawaiia n :standard oE m r idian 157° 30' W, l O h. 30 m. slower than Green· 
wi ::;h. 

Local Earthq ua kes. 

D c. 1.. .. ....... .. ... 5: 01 p. m. Very fee bl . 
5 :02 p . m. 

3 ............ .... 9: 15 a. m. Feeble. 
4 ......... ...... 11 :17 p. m. V ry feeble. 
5......... . ..... 8: 50 p. m. 
6 ............ .. . 12 : 22 a. m. F e ble. dis tance 15 miles. 

10 ...... .. .. ...... 11:33 a . m. Very feebl . 
11 :40 p . m. 

16 .. .. .......... .. 2 :51 a. m. Feeble, d istance 2 miles. 
5:00 a. m. Slight, distance 22 miles. 

17 ................ 12: 1 p. m. V ry feeble. 
18 ....... ... .. ... . 2:14 a. m. " 

2:17 a. m. 
2:40 a . m. 
2:44 a. m. 
1:30 p. Ill. 

1 :31 p. m. 
1 :45 p. m. 
1:48 p. m . 

19 ..... ........ ... 5:44 p. m . 
6:05 p. m. Fe ble. 

20 ........ ........ 2:13 p. m. 
21.. ........ .. .... 6: 3:t a. m. Very feeble. 

10 :35 p. m. 
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29 ........ .. ...... 5 : 0:t a . m. 
30 .. ...... ........ 2:32 a. m. 
31.. .............. 3 :57 a . m. 

T elese isms. 

4:20 p. m . 
6 :40 .p. m. 

10:31 p. m. 
10 :36 p . m. 
11 :50 p . m. 
11 :54 p. m. 

Sligh t, distance 3 miles. 
Ve r y feeble. 

" " 

F eeble. 
Ve r y feeble. 
Slight, distan ce 4 mil es. 
Slig.h t distance 4, mil es . 

Dec. 7 ... ............. 12 : 30 p . m. Sligh t . 
14.. ............ .. 4 : 00 p . Ill . Slight. 
30 ............ .... 9 : 00 p. m. Slight. 

Spasmod ic M ic rot r,e mor. 

This type of t r emor by weeks begi nn ing December 3, was r egistered as 

follows : 

Dec. 3- 9 
10·26. 
10-16. 
17-23. 
24·30. 

Moderate. 
S ligh t. 
S ligh t. 
Slight. 
Sligh t. 

Ha r monic M ic.rotremor. 

This t ype of t r emor was ex t re me ly sli gh t th ro ughout the month. 

Microseism ic Moti on . 

The amplitude of mic roseis ms was sligh t except from 20th-23rd in­
clus ive, be ing mod erate during t ha t per iod. 

Ti lting of t he Ground. 

By weeks this movem en t was as follows , expressed as angular change 
a nd direction of motion o f th e plumb line. 

Dec. 3- 9 ..... ... ........ 1.3 
10-16 ............... . l.4 
17-23 ........ ........ 1.2 
23-30 ................ 1.1 
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l<.11..AUEA SECT I ON 
OF 

HAV\/AI I NATIONAL. PARK-

Black spot shows location of Observatory. 

All exchanges should be addressed to 

HAWAIIAN VOLCANO OBSERVATORY, 

Volcano H ouse P. 0., Hawaii. 

The Ohservatorr is equipped with the following 
1e1smometrlc instruments rebui1t at the station in 
J 918 for \be special aeeds of volcano resenuh: two 
Rnsch-Omori pendulums, high-speed registration of 
lornl e11rthquakes: one opticallv recording seismo· 
Faph for ~i~tant earthquakes; one clinograph register· 
'"!l E-W t1lt,ng of_ the gr,,1,~ d A vertical component 
.: e1s.mograph was 1n December. 191 8. set up in ex · 
per1mental operation. These arfl sented on concrete 
piflr~ in a closed basement room having practicall y 
con stnnt temperature. beneath thP chief Ohservntorv 
building npar the hoft!I. Time i~ referred to a rated 
chronometPr. checked at intervali- b,· wireless signal 
from t~e Penrl Hnrhor Nnrnl !"tation . The chrono• 
m.,ter 1s loaned by the UnivP rsi ty nf Hnwa.ii. Ha· 
"ni in n stnnclnrd time (H . S. T .) is 10 hrs. 30 min. 
tdower th an Gref'f'Wich rime . Qhse1·vntorv Lat. 190 
25' 54.2" N.: Loni:. 155° 15' 39.2" W.; Elevation 
1214.6 meters (8!185 feet). 

HAWAII NATIONAL PARK. 

This park _was created by act of Congress August 
1, 1916. a1•d includes three famous volcanoes-Kilauea 
and ?.founn Loa on Hawaii and Haleakala on Maui. 
Freour-nt nasseng·er steamers ply between these islands 
and Honolulu. 

H~ea.kala Section-Haleakala, ' 'house built by the 
~un a peak mo_re than 10,000 feet high , curies an 
n~mense. fissnre-hke crater 8 miles long and 3 miles 
wtde, Wltb walls 2000 feet high. Here, as well as 
on ?.fauna Loa and Mauna Kea, grows the Silver 
E'word (~r~o~ipbium). Thirte•n volcanic cones lie 
w't!nllr w·1 th1n the ~rater. some rising near]y to the 
heuz:ht of he summit. The scene at eunrise ie mar• 
veloush beautiful. 
. W11=111k11 is the poi nt of dep arture, autom nhileR tak · 
ing the tra.\"eler to Olinda, a s ummer residence set­
tlement ~043 feet hil?h , l.ft•r 2 honrs drive to this 
pn:nt. :,..addlP hnro:e~ nrt t:'l'k Pn to the s11mmit. A ride 

"' ,.., . ~ 1h ho11 rs .. ffp1,~ i~ n finp cnnrrPtP r l-'i-t hnn sP. 
b'!11t _b:; th~ citizens or Mnui, and fully eqn ipperl 
,n th iron beds. bllrnkets. stoves l'ln<l cookin!! uten~ils . 

M:aona Loa Section-MPLuna Loa a ,·Ast dvme 
1::1 . 6-:; te ~t hi~h. rPachrd f\1r •111)lh fnrr,ui; ,,r Ha· 
•.11 ii ain mahozany (koa) a nd h "Pf" fprn . th~n 11p hril -

I linntly colored Java slopes, has a summit crater S 
miles long by 1 ½ miles wide, with walls 700 feet 
hi ~h. and when in action fountains of fire froth are 
here jetted 500 feet into the air. Everv live or ten 
yenrs splendid spectacles of lava eruption are staged 
on the mountain. sometimes from the lower fl anks. 

There are trail's on the Kona side, and also from 
th• sn11thwesl. but the usual and beet route is with 
!-Z '•rl<ll,. '1" 1 1Ps from the Kilauea ectinn to Puu Ula• 
11ln (9800 feet), a ride of six h ours. Here there 
i~ a full y eqnipned cottage with stnhles and water 
supply. From this point on the second day a four• 
hour ride takes the visitor to the summit crater, 
where there is water . A r io:ht of way within the park 
connects Kilauea with Mauna Lon, where eventually 
a road will be constructed . The views are gloriou1 
and · the eh asms, cones and contorted la vae indoscrib· 
ably chaotic. 

Kilauea Section-The lakes of foaming 11ery lava 
within the crater of Kiln11ea fnrm the most spec­
tacular exhibit in the Hawaii National Park if not 
in the world. The pit of fire, lln lemanmau i~ in•ide 
of the main crater, at the &pex of a broad, flat, inner 
cone. Kilauea is & dome volcnnn 4000 feet high 
overridden by the lava slope• nf Mnunn Loa on th; 
""'°J:t. so that it seems but a S"n1r nf the greater, and 
perhaps younger, slag-heap mountain . 

The Kilauea Pnrk and th e inner pit itself are 
both reached directh• bv automnhil • from Bilo the 
second city of the Ter.ritory of ll:iwnii. nnd 'there 
are excellent hotel nccommodntions. The dis tan ce 
from Hilo is 30 miles. Within the park there are 
15 miles of r oads and about 20 miles of t'rnils. As 
shown on the map, there are a dozen ancient pits 
within the ar ea of the park, as well a s cones, caver ns 
and hot solfataras and a strange de sert where lava 
flows have poured out of cracks as recent.ly as 1920. 

The live pit of Halemaumau is easily accessible 
nnn not dangerous. Frequently one can wnl'k to the 
actual edge nf the splashing. fnu nta inin!? '"va lnkes 
1he lava _r0l umn ri i- i~g. an~ falli n~ from year to yea; 
S'1 thnt 1ts mos t d1 s t1n ct1ve charncter ii;; ceaseless 
change. At ni c;ht the spectacle is full of marvelous 
colnr. and the re!?ion is a paradise for artists, photog· 
r nphers and naturalists. 

The several sect ions are unrl er the control' of the 
Nationa l P nrk Ser vice of th e Depa r tment of th e In · 
terior. The Unit.e<l Stn·es Wea t her Hureau m11in­
tnh1s the Ffn,vniiaa Vnlr.ano Observatory. w hh· h 
s1:1n,J~ nn tl•P hri1d, of the grea ter crater within 
thr K il auea Park. 
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