290 THE POPULAR SCIENCE MONTHLY

THE VOLCANIC ACTIVITY OF LASSEN PEAK, CALIFORNIA

By I'RoFEsSOR RULIFF S, IIOLWAY

OTWITHSTANDING vague reports of early'settlers it now secms
praetically certain that no white man had witnessed an eruption
of a voleano within the limits of California until May 30, 1914¢. On
that day Lassen D’eak, a well-known old voleanie cone in the northern
part of the state siluated about seventy-five miles southeasterly from
Mt. Shasta, suddenly burst into explosive action. During the six
months that have elapsed since the first eruption took place, including
one quiescent period of twenty-three days, there has been an average of
one cruption every three days with no indication at the time of writing
that the activity has ceased. The uniqueness of the phenomena as part
of the physiographic proeesses of the United States' invites some de-
tailed description for scveral reasons.

A natural curiosity exists concerning the events whieh have actually
occurred and also as to the most probable developmenis in the future.
Is this recent activity a sign of the rejuvenation of a long quicscent
volcano whieh is onee more (o pour forth its floods of lava? Or are the
outbursts merely the last relatively feeble, but convulsive cfforts preced-
ing the final extinetion of the subterranean forces that formerly built up
the old lava cone still after centuries of crosion towering nearly two
miles above the level of the sca? As yet reliable forecasts of volcanie
aetivity arc not made on a scientific basis. but it is hoped that the fol-
lowing pages will at least give a satisfactory outline of the history of
the region up to the present writing.

Lassen Peak stands in the southeastern part of Shasia County,
nearly two hundred miles from San Francisco. \ccording to the Tassen
Peak {opographic sheet (a reconnaissance map surveyed in 1882-84, sce
Fig. 1), the mountain is ten thousand four hundred and thirty-seven feet
in clevation and is approximately in latitude 10° 30" N. and longitude
121° 30" W.  The immediate region is the extreme southern portion of
that great tertiary lava flow some two hundred and fifty thonsand square
miles in extent, covering not only northeastern California hut portions
of Oregon, Washington, [daho and Nevada as well.

1 Voleanie ernptions in Washington have heen reported hut apparently never
studied at close runge. DProfessor George Davidson reports seeing Mt, Baker in
eruption in 1854 and in 1870, Pacific Coast Pilot U'. 8. G. S., 1899. J. C. Fre-
mont in his journal under date November 13, 1843, writes as follows: ‘“At this
time two of the great snowy cones. Mount Regnier and St. ITelens were in action.
Ou the 23 of the preceding Novemler, St. Ilelens had seattered its ashes, like a

light fall of snow wver the Dalles of the Columbia, 50 miles distant.’”’ The Ez-
ploring Expedition. D, Appleton o Co,, [N},



Flao 1o Lasses PeAR axp Viemiry. The arven shown Is the eentral portion of the Lassen I'eak sheet of the U, 8, Geological Survey. The quadrangle
wis surveyed In ISS2 S0 As reproduced here the seale is practieally four miles to the inch.
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In geveral, geographers consider Lassen Peak as marking approxi-
mately the southern end of the Caseade Range, and as being the last of
that series of great voleanie cones of whieh Rainier, \dame, IHood,
Three Nisters, Mazama, Pit and Shasta are familiar examples. To the
sontheast of Lassen the topographie gap of the Feather River separates
the Caseade Range from its correlative, the Sierra Nevada, whieh ex-
tends four Tmmdred miles farther to Tehachapi Pass. but whose lofty
peaks owe their height primarily to uplift rather than to voleanie up-
building.

The southern fifty miles of the Cascade Range extending north-
westerly toward Shasta from the North Fork of the Feather River is a
areat voleanie ridge. about twenty-five miles wide.  "T'his ridge is studded
with numerous minor voleanie cones culminating in Lassen, the domi-
mating peak, which is guarded by a number of other major cones rising
to heights varving from seven thousand 1o nine thousand feet above the
sea.  Past voleanic phenomena of the Lassen Peak region in recent
aeologie time have heen made familiar to readers through J. S. Diller'’s
well-known report.® which deseribes with considerable detail the Cinder
Cone. ten miles northeasterly from the main peak, from the base of
which the Jatest lava flow izsuned.  Tntil the present outbreak, despite
our knowledge of the Cinder Cone lava flows, it has been taeitly assnmed
in physiographic literature that Lassen Peak helonged to the class of
extinet voleanoes, although the following statement by Diller in the
[olio just quoled shows elearly that twenty vears ago he did not consider
the voleano entirely extinet.

The latest voleawie ernption in the Lassen Peak distriet, and possibly the
1atest in the United States south of Alaska, oceured at the Cinder Cone about two
hundied years ago. Sowe of the trees killed at the time are still standing,  The
lava, although very viscous, spread morve than a wile from the vent and formed
a huge tabular pile whieh extends across a little valley, The lava dam thus
formed developed Sunag Lake, which coutained stumps of some of the trees
drowned at the time the lake originated,

That voleanie activity is not yet extivet in the Lassen Peak distriet ix shown
by the presence of numerous solfataras amd hot sprivgs. At Bumpass's Iell,
venr the southern hase of the peak, there are boiling mud pools and vigorous,
solfatarie action.  Near by, at the head of Mill Creek, the salphur deposited by
such action is so abundant that attempts have been made to mine it.  Similar
phenowena oceur in Hot Springs Valley and at Lake ’I'u_rmrns and the Geyser,
vear Willow Lake.  The Gevser is much less vigorous than formerly, and now
the column of water rises senveely a foot above its pool,

Previons 1o the present activity of Lasen Peak there had heen
nunierons indefinite reports of ernptions witnessed by the Indians in that
vicinity shortly hefore the coming of the white settlers. The most defi-
nite of these reports is given in a recent letter from Dr. JJ. W, ITudson,
of Ukiah, California,

2 Lassen Peak Folio, U7, 8, Geol, Survey, 1804,
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I was in that region in 1904 colleeting for Field Museuwm of Natural History,
C‘hicago, department anthropology, and heard much of Lassen Butte. An old
Tndian told me that when a child and living some sixteen wmiles northwest of
Cinder ('one, there came an carthquake at Jassen ove sumwer day. The sou
arose, but gradually fuded to the darkest night and ashes came down like a
henvy snowfall, Its weight finally broke in the bark houscs and the natives
rushed ont into the darkness. The boy was taken by a grandmother to a hollow
pine log where they remaived till nearly famished. When the snu reappeared he was
carried many miles before drinkahle water was found. T presumed at that time
my informant was near seventy years old and about six on the above occasion.
thus approximating the date 1850 for this cruption. In many localities along
the I’it river water shed I heard similar reports amongst the aged Tndians. The
name of thix voleano in Palainihan tongue is ‘¢ Am Dbli’-kai ’? ¢¢ Mountain
ripped apart.”’

The region about Lassen Peak for many miles is very rngged. the
few vallevs <uitable for agriculture lying at an clevation of from 5,000
to 1.000 feet. Naturally it is sparsely settled, and this vear. on the
date of the first eruption, the snow was siill very deep, obscuring all
roads and trails down to the six-thousand-foot level,  On account of the
unusually late season. the summer influx of cattlemen. lnmbermen and
campers had not yet begun: probably the nearest ocenpied house was at
least eight miles distant from the mountain top.

Prompt investigation of the first eruption is due to the fortunate
facr that the mountain iz included in the Lassen Peak National Forest
and that the United States Forest Service® had huilt a fire look-out sta-
tion on the topmost erag of Lassen Peak itself. "The summer head-
quarters of the forest supervisor, Mr. W, T, Ru-hing. are in Battle Creck
Meadows. near Mineral postoflice, a little more than ten miles in an air
line from the top of the mountain.  The look-out hon=¢ on Lassen and
the other stations also are connected with the supervisor’s headquarters
by the government telephone lines which extend to the town of Red Bluff,
nearly fifty miles to the westward. giving direct communication with
San Francisco.  When the eruptions hegan the fire look-out station on
Lassen had not vet heen occupied for the summer scason of 1914 hut it
was the property of the Forest Service and a station of importance. Tt
will he seen then that the interests and resources of the Forestry Service
as indicated above were such that reports of voleanie aclivity on Lassen
were investigated at onee and definite records kept of the reports hrought
in o headquarters.

The following extracts are from the report of Forest Supervisor W,
T Rushing to the District Forester at San Francisco, made June 9.

Such wild stories are being circulated concerning Mt. Lassen that 1 am

3 The writer wishes to express his appreciation of the assistance and cour-
tesies extended him in connection with his field work not only by Distriet Forester
DuRois, of Sun Francisco, and Supervisor Rushing, of Mineral. hut also by var-
ious members of the stafl in cach place,
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sending you the results of our observations to date. Saturday, May 30, the first
outbreak occurred at 5 .M. This was witnessed by Bert McKenzie, of Chester,
who was looking directly at it when it oceurred. Rauger Hurvey Abbey investi-
gated it on Sunday, May 31, finding a hole 25 x 40 feet in size and of unknown
‘lepth.  Sand, rocks as large as a sack of flour, and mud had been ejected. The
heavier waterial was thrown over au area thrce hundred feet across, while the
ash, or cewent-like material, was scattered over an area one quarter mile aeross.

. No molten material was thrown out at all. S$:05 a.M., June 1, a seeond
outburst oeeurred, throwing ount large quantities of the same material. Svme
boulders weighing all of a ton were thrown out. The vent was enlarged to
GO > 275 feet. . . . Boerker, Abbey, and Macomber went up June 4, remained
on top at the lookout house over night, and came back June 5.

Jure 8, heavier volumes of steam were noted, and at night apparently
another eruption took place, throwing out wmore ashes or fine material, which
could be scen on the new snow.

Heavy volumes of steam are coming out of the vent today. We bave
watehed it carefully and at no time have we been able to see any flame or indi-
cation of fire. . . . The vent is about one quarter mile from the fire lookout
house. and if it continues eastward, as it has so far, it will finally break out on
the east side.

Mr. Ben Macomber, one of the party mentioned in the report above
as spending the night on the mountain top, has given the following
deseription of the crater as it was after the early eruptions:

When I saw the new crater on Lassen ou .June 1 and 5, the vent, by an
engineer’s tape, measured 275 feet long. It was then in ove of the pauses be-
tween the heavy explosious, Thick volumes of steam, lnden with sulpbur smoke,
were rising, and erncks were appearing in the ground. From three different
places on the edge 1 looked down into the erater. Nixty or seventy feet down a
pile of rocks was visille in the center of the vent. iut at either end was a huge
dark hole from whieh the steam clouds poured. The walls were absolutely per-
pendieular, and around the top were huug with huge icicles formed Ly the con-
densatiou of steam in the ehill air of the peak.

Ou the west side of the crater everything was buricd beneath a heavy fall of
light gray ash, into which we sank over our hoot tops. So light was this rock
powder that it flew into the air at every step. On the east side the same material
seemed to have been thirown out in the form of mud aud lay frozen hard as rock.
What little snow remaired uear the erater was buried under a luyer of stones and
boulders. (San Fraueiseo Chroniele, June 28.)

The eruption of June 14 was heavier than any which had preceded
it, and the only serious injuries zuffered by visitors.during the six
months covered by this article. ocenrred during the outhurst beginning
at 9:15 aan Extracts from a letter from Mr. B. F. Loomis written
a month after the events gives a brief swmmary of the experiences of
the party that was canght hy this eruption, as {old to him by the differ-
ent members.

Mr. Thelp’s party had just reached the rim of the old erater and sat down
to rest a short time, watehing the smoke from the crater, when the eruption began.
Without any warning or explosion that could e heard, a huge column of black
smoke shot upward with a roar, such as would be eaused by a rushing mighty
wind, and in an instant the air was filled with smoke, ashes and flying rocks
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‘This weries. showing four stages In

Fia. 2. Ti e Exvreriox op Juse 14, 1014,
the eruption beginning at 9:45 n. m., was obtained by Mr. I, F. Loomis, of Viola,
from n paint nbont six miles to the northwest at an elevation of nearly 5,000 feet,
The time interval represeuted by the four views of the plate ix ubout fifteen minutes.
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from the erater. They all ran for their lives.  Mr. Phelps bid under an over-
hanging rock, which sheltered him from the rocks which brushed past him as
they fell,  Lanee Graham was a few feet away amd was struck by a flying roek,
whicl eut a great garh in his shoulder, piercing the thoracic eavity, and broke
his collarbone, e wax left on the mountain for dead for a time, but was after-
ward removed with great difficulty. aml ix now recovered. Another of their
party ran down the mountain and, eoming to a snowdrift, slid down the mountain
like a <hot. The cloud of smoke kept paee with him, and when he renched the
hattom of the snowdrift he found a elump of bushes and, diving into it. buried
his face in the «now to keep out the blinding smoke and ashes. ‘The smoke is
deseribed as eansing the blackest darkuess, hlack as the darkest night.

The =ix photographs taken of this eruption hy Mr. Loomis from a
point at an elevation of abont 5,000 feet and nearly six milex to the
notthwest of Lassen Peak are among the hest that have been {aken.
The view reproduead in figore 2 is number three of the series and shows
the steam and ash at about one half the height 1o which they were pro-
jected some ten or fifteen minutes later.

The writer’s first trip to the mountain since the eruptions hegan
was made by the Southern Pacific railroad to Red BIndf, thenee by stage
to Morgan Springs. a resort nine miles =ontherly in an air line (rom
the peak and located inoa valley nearly 5,000 feet above the sca.  T'he
week from Jdune 21 (o 28 daring which no eruption occurred was spent
on the monntain or at its base.  Some of the hot springs and solfataras
at the base ol Lassen Peak were visited on the twenty-first and found to
exhibit no nnusual activity (sce Figs. 7 and 8). From June 23 to 25,
rainstorms, with snow on the higher levelso prevented a visit to the
crater. with any possibility of photographic work.  On the twenty-sixth.
and the twenty-cighth, the sky was elear. and the new cvater was vizited
and photographed from various points of view.  Both rips were made
from the hotel at Morgan as a base. "The vide on horschack to the foot
ol the voleanic cone proper at that time took almost fonr hours, the
latter hall being vver snow from ten to twenty feet deep.  Afer leav-
ing the horses the elimb io the top can he made in less than an hour.
The new arater has frequently heen deseribed as heing located on the
south <lope of the north peak: this peak. however, iz merely a fragment
ol the northern portion of the walls of the ancient erater. The vela-
tions of the new opening to the ohl voleano ave hetter appreciated by
deseribing it as an opening not in the center, but on the north side of
the mueh eroded howl of the erater. "The central depression of the old
crater is probably over three hundred feet helow the higher points of
the ol vim. The wall of the old erater has heen deeply hreached both
on the ea=t and on the west. and in summer the melting snow in the
depression now drains westward. although there i= not enough surface
water to make any regular chaunel. Voleanie dust or *azh ™ from the
ditferent eruptions has heen reported as falling from ten to tweniy
miles from the peak. the amonnt and direction varying with the wind.
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The limit of the heavy fall of ash not wind-horne was quite definitely
marked on June 26 and was probably within a cirele of less than a
mile. 1t had not, however, a uniform border.  In making the axcent
on that day. instead of the regular trail o more easterly route was taken,
leading up the sontheasterly ridge directly to the fire lookout station.
This ridge. which lies in the general direction of the longitudinal open-
ing of the crater itself. was fornd to he much more heavily covered
with ash than the regular trail. - While the main outbursts were nsually
divectly npward in the eraption deseribed, irregular streaks of ash such
as the one just noted prove that there were minor ontshoots of voleanie
dust in various directions.  Exaggerated reports of the distance to
which stones were thrown seem to have been based upou their being

Pra, 3. Tine NoRTHWESTERLY EXD o THE CRATER oN JUNE 25 Whenever the <team
wits blown aside, n crack was visible extending in the line of steam jets.

found on the outer slopes of the old erater resting upon the surface of
the =now. bul the fact that stones are constantly heing dislodged Trom
the clitf= by ordinary weathering processes and are rolling down the
momntain side shows the need of additional criteria. - To avoid mis-
taking such stones for these thrown throngh the air by eraption. cave-
ful search was made on level patehies of the old snow <o located that it
was impossible for stones to voll down upon them. Wherever such level
sanrfaces were found there was no evidence at that time of ejected
stones falling at a mueh greater di<tance than to the lookout honse,
certainly at no point over a hall wile from the erater,

In climbing Lassen Peak from the southeast ap to the erag upon
which the Forest Service station i= huilt the slope is =0 steep and rugged
that the final ascent is made withont any glimpse of what is ahead,  As
the last rocks are scaled and one stands on the wind-swept crag by the
fragments of the little frame huilding once hound down 1o the rocks by



298 THE POPULAR SCIENCE MONTIILY

wire cables there suddenly yawns below the climber the bowl of the
ancient crater, and he looks directly into the irregnlar naked chasm of the
new vent torn in the opposite slope (Fig. 3). It is impossible for a camn-
era with its narrow ficld of view to give correct impressions of the con-
ditions of the mountain top. The observer standing npon that solitary,
sharp. rocky pinnacle, although he narrows his vision to the new crater
steaming below, is conscious of the steep slopes behind him and he also
cces subconsciously the surrounding ragged edge of the bowl of the
ancient crater.

Descending into the irregular basin, the new vent was photographed
at closer range from various directions. No appreciable change oe-
curred between June 26 and June 28, except the rapid disappearance
ol the new snow as a result of the warmer weather. The northwesterly
end of the new crater (Fig. 2) was of most interest because of escaping
steam.  On close approach, the sulphur fumes became oppressive and
vellow sulphur deposits near the vents were distinetly noticeable. The
crater was apparently being extended longitudinally along cracks at
either end. The northern wall showed also a transverse crack running
hack from the vent more than a hundred feet. ‘The depth of the crater
did not seem to be over eighty feet, but the continnally caving sides sug-
wested that the present hottom is but piled up debris.  No snggestion
could be obtained of the depth of the holes from which stean was
cscaping. By pacing a line parallel to the side and some fifty feet
distant the lenzth of the erater on June 28 was estimated at somewhat
more than four hundred feet. This estimate is less than that given by
some observers, but agreez closely with that made by Mr. Diller on
June 20.

During the last week in July the writer again spent several days at
the base of Laszen, this time approaching the mountain by the Susan-
ville auto road which terminates at Drakesbad. a resort in Hot Springs
Valley at the southeastern base of the peak. Unfortunately, the time
of the second visit proved to he a period of quicseence, as had the first.
In the month since the previous visit thirtcen eruptions had taken
place, the one on July 18 being reported by the Forest Service as “by
far the most violent eruption to date. Ash, steam, ete., arose to a
height of 11,000 feet. Duration practically the entire morning.”
Newspaper accounts of this eruption stated that the crater had been
wreatly enlarged vet the writer’s photographs of July 25 compared with
those taken June 26, with the same camera and from the same view-
point were strikingly similar at first glance. Careful comparison in-
dicated a lengthening of the erater of from forty to sixty feet and a pro-
portionate widening, but the gencral shape and appearance were similar,
The linear extension of the erater was evidently along the same crack
marked by the steam jets in the June photograph (1ig. 3). and a sharp
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Fia, 1 GRADUAL EXTARGEMENT OF THE FIRST CRATER DEVELOPED 0N LASSEN 1I'EAK
Pz rne ErvrTions oF 1914 (a) (above) the new crater on June 4, 1914,
I'hotograph by R, 1L Boerker.  (Below) (h) the erater on July 25, 1914,

noteh in the northern end sugge<ted that the movement was likely to
continue.

The winter's snow had largely disappearcd, although the trail still
passed over deep snow banks for nearly a mile in crossing the plateau-
like shoulder at the sontl hase of the peak proper. Near the top of the
mountain snow was to he found only in patehes and beneath the cover-
ing of ashes.  Such arcas moist from the melting snow, from a distance
appeared almost black in eomparison with the light gray of the dry
dust found over the greater part of the mountain. 'I'his dusl was so
fine that it was easilv moved by the wind. At times a strong gust
would send immense clouds into the air, giving the appearanee of an
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cruption 1o easnal observers at a distanee.  With the intense sunshine
of aJuly day at that elevation and with the dry air marked differences
in temperature ocenrred between sunlight and shadew and between wet
and dey areas. Under these eireumstances strong whirlwinds developed
at intervals which xent the dust high into the air in columns strongly
resembling steam jets.  In fact, the writer when within two miles of
the peak on July 25 for a time mistook them for new steam vents, all
the moie readily =ince they were gituated along the line of reported ex-
tensions of the crater.  Actual inspection of the aren showed the real
character of the columns and also that no new vents had been formed
in that locality.  Probahly several of the incorrect reports of eruptions
and of new craters came from the <ame failure to distinguish wind-
formed dust clouds from steam explosions,

During the month of Angust there were hut cight eruptions, fewer
than cither of the preceding months, and seven of the cight. all quite
severe ocenrred  Augnst 19-23, inclusive, two of them tlhrowing ash
columns to a height of over 10,000 feet. The record for September
shows seventeen eruptions, the largest munber for any of the six months
covered by the tabular list.  Puring the month there was a continuons
enlavgement of the vent within the bagin of the old erater and there
were also new vents apened (see Fig. t) on the outer slopes of the main
cone.  T'hese vents are elearly identified from photographs taken hy
My Jdack Robertzon of Oakland as being in line with the main axis of
the first opening.  Mr. Robert<on had an interesting experience. e
was at Diakeshad on the evening of September 19 when he heard a
“remendons eaplosion™ during the night.  T'he next wmorning he
climbed the monntain and had the goad fortune to wateh at elo-¢ range
the cruption heginning at 11:30 xu. (eruption no. 16) without re-
ceiving any serious mjury.  The erater was helehing smoke at <hort
intervals every few minntes and while e was quite near, steam and
ashes poured out from its entire length.  T'he ashes were =o hot that
they burned his feet as he walked over them. e reports having heard
the roar and rnmble of the explosions, but was not eonscions of any
apparent quaking of the ground.

The most marked ehanges in the new erater sinee the middle of
June occeurred during the month of September. The inner vent is re-
ported to have grown to 900 feet in length and photographs taken canly
in October zhow that the area of the opening had hecome fully five
times it area at the end of June.  The severity of the September
cruptions 1= also attested by the fact the lookout house (Figz, 5
and G) was completely demolished on the twenty-ninth, ne part of
the walls heing left standing.  During the same ceruption the forest
lookout on Turner Mountain distinetly saw luminous bodies {hrown
ont which appeared to him 1o be red-lot stones.  This report is con-
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Fri, 5 Tee Fige Lookott Statiox oF e U, 8, Forest Sepvice ox Jese 26,
1914, The holes In the roof were probably made during the eruption of June 14,
The houxe has been entively dextroyed by later eruptions,

firmed by other abservers, some of whom declarve they <aw flames. So
far a< known to the writer, this i= the only reliable ob<ervation during
these eruptions which may possibly he interpreted as indicating that
there has ever bheen an approach 1o the temperature of molten lava.
The coming of winter with frequent snowstorms at that elevation has
prevented any scarch for ejected rocks bearing any evidenee of recent
subjection 1o great heat. and consequently the charvacter of the lnminous
bodies remains undetermined.

The maximum severity for the entive peviod appavently ceenrrad in
Neptember, but this is uneertain, sinee the record for October and No-

Fi, 6 T LookorT STATION Ax SEEN oN Octopenr 7.
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vember is doubtless far from complete—the region extending from 15 to
20 miles around the mountain being almost if not entirely deserted
by the last of October. The resort at Drakesbad at the southeastern
base of the mountain closed for the season on September 21 and the
headquarters of the forest service were removed to IRed Bluff on October
12, The houses on the stock ranches in the vicinity are also deserted
during the winter and the few wagon roads are blocked by deep snow
until late in spring. TUnder the conditions indicated, the fact that
Octoher and November together arc credited with but sixteen recorded
eruptions furnishes no basis for any inference that voleanic activity on
Lassen Peak is decreasing. At the date of reading proof the activity
continues. A dispatch published in the San Francisco Chronicle, Jan-
uary 23, 1915, deseribes an eruption from a new erater on the east as
equal to any which have gone hefore. The dispatch adds that no one
has visited the volcano’s summit for over two months.

An interesting suggestion concerning the November record comes in
a privale letter from Mr. Rushing. 'T'he eruptions from the summit
which were observed during November were all ranked as medium in
severity. The suggestion is that this may be explained hy the fact that
a new vent has been opened at a much lower level. The eruption of
November 18 as seen by two observers at stations situated north of west
from Lassen came from a point on the north slope of the mountain
about a mile from the top and presumably near timber line. A com-
parison of distant observations from the north and from the south may
soon test the correctness of this supposition.

Some further idea of the magnitude of the eruptions of Lassen
Peak may be gained from the record of distant observers. A" letier
from DP'rofeszor C‘harles F. Shaw, who was at Amadee about 65 miles
eastward from Lassen Peak on October 235, contains particularly inter-
esting observations.  The eruption began at 5:10 rar. T'he mountain
showed plainly over the tops of the nearer hills and the <moke of the
eruption was clearly sihouetted against the western sky. extending
directly upward from the peak.

The smoke rolled up until practically the entive height [12,000 ft.; see list
of eruptions] was reached lefore any change in form occurred, when just Lelow
the top of the column there was a tendency to stratifieation and a layer extendeil
out toward the south aud toward the north. When this appeared. the smoke
colnmn began to lean toward the north and from our point of vision, apparently
toward the northeast and with this inelination of the column, distortion took
place, the upper part spreading out into streamers, A« =oon as the inclination
of the smoke column Leeame very plain, we could readily distinguish indications
of falling material. The lower two thirds of the eolnmn seemed to be dropping
some maferinl that was falling in a slightly oblique line, the obliqueness pointing
back toward the mountain peak. As the eruption continned and the smoke
colunm blow out more toward the north, the streaked eondition indicating falling
material teeame more avd more apparent, but as the light was failing it became
rather hard to distinguish the exaet outhnes of the lower portion of the column.
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Fia. 7. Sovrrax  Serixcs SoUTHWEST oF LASSEN DPEAK,

The falling matter must have been the stones and coarser material
in distinction from the fine ash forming the top of the column of
smoke. DProfessor Shaw’s observation is the only one reccived by the
writer that indicates the height to which the heavier fragments were
thrown.  “ Two third="” of the column would indicate a height of 8,000
feet.

There scems ta be entive agreement by all the competent ohservers
who were fortunately situated that in none of the eruptions has there
been any molten lava emitted.  Sunset glow upon the steam clouds has
most probably accounted for some of the  flames™ reported to the
newspapers.  Samples of the ash were submitted to Professor \. S,
Eakle, of the Mineralogy Department of the University of California,
and his report follows.
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An exawination of the dust from the voleanie eruption of Mt. Lassen
shows it to le made np of fine dust and broken fragments of an acid veleanie
rock which has Leen shattered to pieces by a violent explosion.  Under the miero-
seape there are to be seen many small angular fragments of quartz, picees of
trielinie  fellspar showing twinning stracture, perhaps oligoelase in eompo-
sition frayed rections of brown Dbiotite and grainx of mugnetite, The originnl
roek conld not have been more basie than a dacite and the presence of so much
qnartz rather suggests a rhyolite.  The Just is wol an ash in the «enve of leing
a fine residual product of a cinder and there is no evidence of its having come
from the cooling of a molten mass,  The original roek reems from the appearance
of the largest fragments to have been a voleanie tuff formed at some previous
activity of the voleano, and the lute eruption has xinply blown this tufl to dust.

The eruptions of Mt. Lassen while voleanic in their gencral classification
are in the same eategory as geyser eruptions the difference existing mainly in the
fact that the explosions of pent-up steam are xo violent as to shatter and throw
rock debvisx in the form of boulders and dust. It i< a question whether the ex-
plosions are very deep seated.

Sowe of the mud from the loeality is of the same nature as the dust and
probably formed from it,

Numerons ingniries have come to the writer as to whether the crup-
tions of Lassen Peak are to be considered as truly voleanic. and Pro-
fessor Eakle indirectly raises the =ame point.  This is naturally a gnes-
tion of definition merely. A voleano i< primarily an opening in the
around from which the internal forces of the carth project varvions
uaterialss molten roek heing an essential product af some peried in the
higtory of {he voleano,

Many of the type examples of volcanic eruptions given in gtandard
college text-books arve, however, of the explosive type, in which no molten
lava is ejected. The noted eruption of Bandai-San in Japan. on .fuly
15, ISSS, i an instance. T'his old voleanie cone, nearly 180 miles from
Yokohama, had been without <ign of life for a thousand years of re-
corded history, yvet with ouly a few minates of warning consi<ting of
tumblings and moderate carthquake shocks the entire top of the wmoun-
tain was blown away in some filteen to twenty explosions lasting less
than a hall hour.  There was no fresh lava or pumice thrown out. \sh
amd steam were projected upward about 1000 feet. hut the main foree
ol the explosion was nearly horizontal. earrving destruction in a north-
erly dirvection for about four miles. The guantity of material hlown
away has been estimated at one thivd of a enbic mile,

I the case of Lassen Peak the period of quicscence had probably
been grcater than a thousand vears. judging from the effeet of erosion
on the old cone. The force of the steam explosions to date has heen
distributed through <ix months, vet the height of the ash-laden eolumn
has several times reached two miles above (he mountains,  1lad the
steam heen conlined more effectively in Lassen and the force, instead
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of being gradually liberated during the six months, been frced during a
few minutes, the results would undoubtedly have been comparable to
those at Bandai-San. The point, howcver, is that the difference is
qualitative merely and that the nature and magnitude of the eruptions
of Lassen Peak fully justify classing them as voleanie.

A study of the tabnlar summary of the cruptions gives little upon
which to base an opinion as to whether the future will bring a fresh
lava flow or whether there is being formed a new solfataric basin. The
longest period of quiescence was from July 18 to August 10, twenty-
three days. The eruptions in November, so far as obscrvations have
been made, do not differ materially from those in June. The fact that
Soupan Hot Springs. Morgan Hot Springs and those in Hot Springs
Valley are sitvated in valleys at =0 much lower levels than the new
crater, and are apparently unconnccted with Lassen, suggests the idea
that the recent activity was due to a column of lava working its way
upward along the core of the main peak and that this lava may yet issue
as a surface flow. It is confessed, however, that the idea is based more
on hope than on any scientific data. A visit in July to Bumpass” Hell
showed a crater-like depression filled with hot springs, boiling mud pots,
and solfataras, vet it is situated on the crest Hf a high ridge, some two
or three thousand fcet above llot Springs Valley and Morgan Ilot
Springs. The longest diameter of the oval depression is about a quarter
of a mile and the height of walls and general appearance are similar
to those of the old crater on Lassen Peak. There was no indication
that fresh lava flows had ever issued from the crater of Bumpass" Hell;
on the contrary, there was strong suggestion that the depression had
developed in the old lava by a process the initial stages of which must
have strongly resembled the present condition of Lassen Peak.

If the writer were to offer any forccast it would be that the changes
going on at the top of Lassen seemn likely to form a solfataric basin of
the same gencral character as that of Bumpass® Hell. Towever, while
there is voleanie life there is a possibility of renewed lava flows. Mecan-
time the physiographer has an opportunity of seeing within the United
States, at least onc¢ phase of volcanic activity and that on a mountain
recently occupied by alpine glaciers and standing in a great lava flow
studded with minor volcanie cones, many of them almost untouched by
erosion—the whole offering a most inviting ficld for scientilic in-
vestigation.

VOL. LxXXVI.—21.



