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PREFACE

The Geophysical Laboratory was first attracted to the study of Lassen Peak
by Mr. J. S. Diller, Geologist of the U. S. Geological Survey. Mr. Diller was on
the ground during the early eruptions of 1914 and on his return to Washington
expressed a wish that the Geophysical Laboratory should cooperate in the study of
the outbreak because of the physical and chemical relations involved. It was
agreed, tentatively, that the Geological Survey would undertake the necessary
geological studies' and the Geophysical Laboratory the physical and chemical
phenomena. Accordingly the authors made their first visit to the mountain in
June, 1915, some four weeks after the culminating volcanic outbreak of that year.
Except insofar as conclusions could be drawn from the visible consequences of the
eruptive activity of the first year (1914) and the great catastrophic outbreak of
May 19-22, 1915, we were therefore dependent upon others for many of the field
observations.

We are accordingly under obligation first of all to Mr. J. S. Diller, of the U. S.
Geological Survey, who visited the Mountain in 1914, 1915 and 1921, and cooper-
ated with us throughout, then to the Supervisors and Rangers of the Forest Service
who, although inexperienced in volcanic matters, were nevertheless men practiced
in field observation, of excellent judgment and keen discrimination, and contributed
very greatly to the record contained in the following pages.

Mr. A. Sifford, Proprietor of the Drakesbad Camp (seven miles southeast of
Lassen Peak), Mr. Roy Sifford his son, and Charley Yori, who acted as guide in
this region during both 1914 and 19135, not only provided all facilities and much
camp comfort, but were able to contribute important details of personal observa-
tion and photographs, as did also the brothers George W. Olsen and Nelson Olsen
of Chester, whose observations will be found in detail in the Appendix (page 176).

We were also fortunate in having the cooperation of Mr. B. I. Loomis, one time
a professional photographer and now in the lumber business at Viola (7 miles north-
west of Lassen Peak) whose splendid collection of photographs, some of them copy-
righted, were unreservedly placed at our disposal, together with his diary. The
frontispiece and many of the finest illustrations in this book are the work of Mr.
Loomis.

Miss Alice Dines, Postmistress at Manton (15 miles west of Lassen Peak) kept
an unceasing watch upon the mountain from the beginning to the end of its activity.
Her observations will also be found in the Appendix (page 176).

Of the occasional visitors the authors wish particularly to acknowledge the
assistance of Professor R. 5. Holway of the University of California, who permitted
the free use of his photographs and the record of his visit in June, 1915. Likewise
the written (and photographic) record of the visits of Mr. W. H. Spaulding, Presi-
dent of the Great Western Power Company, and a group of friends, in 1914 and 19135,

1 Not yet published.
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and the photographs of Mr. Jack Robertson of San Francisco were kindly placed at
our disposal. The photographers Mr. R. E. Stinson of Red Bluff, Mr. Chester
Mullen of Redding, and Mr. E. N. Hampton of Mineral, also kindly permitted the
use of excellent photographs, some of which are copyrighted.

To all of the above named individuals and many others who cannot be men-
tioned in so brief a space the authors feel under great personal obligation for the
uniform courtesy shown in helping us to provide a complete record of this volcanic
outbreak, the first of its kind in this country in our generation.

For the laboratory studies of volcano material collected during the eruptions
the authors are most grateful for the indispensible cooperation of their colleagues
Messrs. Aurousseau, Merwin, Morey and Shepherd, whose accurate work has
thrown a flood of light on the whole problem of volcanic activity.

The study of the hot springs (Part II) is entirely the work of the authors, with
the help on the ground of Charley Yori and Allen Raker, guides, who aided in every
practical way during the years 1915, 1916, 1922 and 1923.

TueE AvuTHORS.
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PART L
ERUPTION OF THE VOLCANO.

By ArTHUR L. DAy anp E. T. ALLEN.



INTRODUCTION.!

Lassen Peak, in the southeastern corner of Shasta County, California, is the
southernmost expression of a great volcanic region, to which Mount Shasta,
Mount Hood, and Mount Rainier belong. Volcanic activity in the Lassen region
began in early Neocene time and has continued, with diminishing violence, to the
present day. The period of most violent activity was concomitant with the up-
heaval of the Sierra Nevada, and some of the earlier lavas are intercalated with
deposits of the Ione epoch. The earliest extrusions were of hornblende andesite,
and the general course of eruption produced, in turn, pyroxene andesite, rhyolite,
dacite, basalt, and, finally, quartz basalt. In detail the sequence is more com-
plicated, some of the basalt flows being old, but, in general, they are the youngest
lavas of the region. Some rhyolite flows have succeeded flows of dacite, but for the
most part the former precede the latter. The absence of augite andesite from
the whole magmatic region to which Lassen Peak and the associated volcanoes
belong is noteworthy.® Whatever may have been the course of differentiation, that
of eruption has been from the production of intermediate lavas to that of extreme
types, ending with a basic type; a sequence that was pointed out first by von
Richtofen as that of Californian and other lavas,* and later by Iddings,’ as the
general law of succession of lavas. The activity of the whole comagmatic region of
northern California, Oregon, Washington, and Idaho, has been so low within recent
times that the field may be regarded as almost extinct. Lassen Peak and Cinder
Cone, however, have shown activity within historic times,® Cinder Cone having
extruded a flow of quartz basalt, perhaps no more than 200 years ago, and Mount
St. Helens and Mount Hood are believed to have been the scenes of ash eruptions
within historic times.”

The terrane through which the lavas of Lassen Peak have been erupted is
worthy of comment. The extrusions rest upon the Chico formation (Cretaceous) of
the upper part of the Sacramento Valley. Beneath the Chico are the Jura-Trias
rocks, which in turn rest unconformably upon contorted Pal®ozoic formations.
The Paleozoic formations contain both contemporaneous volcanic and transgressive
igneous rocks of varied nature, some of the volcanic rocks, though metamorphosed,
being similar to those of the Tertiary eruptions, though they may bear no magmatic
resemblance to them. Chemically they are uninvestigated. The thicknesses of
the various members of this Pal@zozoic and Mesozoic terrane are unknown, and

1 By M. Aurousseau.

2 J. S. Diller, Lassen Peak, U. S. Geol. Survey, Folio No. 15, 1893.

3 Hague and Iddings, Notes on the Volcanoes of Northern California, Oregon, and Washington Territories, Amer. Journ.
Sei., (3), 25, 222-235, 1883.

1 F. von Richtofen, Principles of the Natural System of Volcanic Rocks, Mem. California Acad. Sci., 1, 39, 1868.

5 J. P. Iddings, The Origin of Igneous Rocks, Bull. Phil. Soc. Washington, 12, 178, 1892; Igneous Rocks, 1, 257, 1909.

6 A. L. Day, Possible Causes of the Volcanic Activity at Lassen Peak, Bull. Seismol. Soc. America, 12, 35-46, 1922;
Journ. Franklin Inst., 194, 569-582, 1922. ]. S. Diller, Lassen Peak—our most active volcano, Bull. Seismol. Soc. America ,
6, 1-7, 1916; A late volcanic eruption in Northern California, U. S. Geol. Survey, Bull. 79, 1891.

7 W. R. Jillson, Geogr. Rev., 3, 481-485, 1917; 11, 398-405, 1921.
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though, for the most part, they consist of shales and sandstones, limestones appear
to be abundant, especially in the Calaveras formation (Carboniferous) and in the
Cedar formation (Jura-Trias).! There are abundant limestones in the Carboni-
ferous of the Klamath Mountain section, one horizon 2,000 feet in thickness
outcropping for 50 miles along the McCloud River, 50 miles to the northwest of
Lassen Peak. The Trias of this district emerges from beneath the Lassen volcanic
field along Cedar Creek, and contains one horizon of limestone 200 feet in thickness.
The dip and strike of the Pal@ozoic rocks of the Klamath Mountains render it not
improbable that they extend beneath the Mesozoic formations underlying part, at
any rate, of the Lassen volcanic field,* but no alkaline rock, as possible evidence of
assimilation of limestone (Daly), has been found in the region, with the possible
exception of a boulder of hornblende basalt, found in a stream bed near the Great
Bend of the Pit River on the extreme northwest of the Lassen sheet. The relations
of this rock are quite unknown, and it can hardly be considered to belong to the
Lassen suite of lavas. Nothing of its kind, chemically or mineralogically, is known
from the field.?

The position of the Lassen group of vents with relation to the orography of the
surrounding regions is significant. They lie at the northern extremity of the
geosynclinal depression of the Sacramento Valley, which separates the mass of the
Sierra Nevada from that of the Coast Range. The depression is partly filled with
the flat-lying Mesozoic and Neocene sediments. The abundance of volcanic vents
between the northern end of the Sierra Nevada and the Klamath Mountains is in
accord with the tectonic weakness of such a regional structure.

Lassen Peak itself was the center of fairly extensive glaciation, which reached
its maximum after the period of major volcanic activity. Some of the later lavas
have flowed for long distances down valleys cut and glaciated into lavas of earlier
age. Solfataric action has continued down to the present time, however, and
in a consideration of the eruptions since 1914, which seem to be exceptional volcanic
manifestations in many ways,' it is well to bear in mind that Lassen Peak itself
has been relieved of its ice load in recent times. It is by no means impossible that
some isostatic adjustment, consequent upon the relief of ice load, may have assisted
the mechanism of the more recent outbursts.

LU. S. Geol. Surv. Geol. Atlas, Lassen Peak Folio, 18953.

2 ], S. Diller, Klamath Mountain section, California, Am. Journ. Sci. (4), 15, 342-362, 1903.

3 ], S. Diller, Hornblende basalt in Northern California, Am. Geol,, 19, 253-253, 1897.

1 A. L. Day, Possible causes of the volcanic activity at Lassen Peak, Bull. Seismol. Soc. Am., 12, 3546, 1922: Journ.
Franklin Inst., 194, 569-582, 1922. J. S. Diller, Lassen Peak—our most active volcano, Bull. Seismol. Soc. Am., 6, 1-7,
1916.



CHAPTER L
SEQUENCE OF EVENTS.
BEGINNING OF EXPLOSIVE ACTIVITY.

On June 1, 1914, the following telegram was sent by the local observer of the
Forest Service at Mineral, California, to the central station in Sacramento.
MiNERAL, CALIFORNIA, June 1, 1914.
STATE FORESTER, Sacramento, California.

Volcanic eruption of Mount Lassen occurred 5 p. m. May 3oth. Crater 25 X 4o ft.
with lateral fissures formed. Mud, boulders, and sand 1 to 2 feet deep thrown over an
area 200 feet in diameter. Ranger Abbey examined eruption vesterday. Heavy volumes
of steam rising this morning. Crater '{ mile from summit. No damage vet.

(Signed) W. J. RusHING.

This brief message contains the first trustworthy record of the outbreak of an
active volcano within the boundaries of the United States in the memory of men
now living.

Lassen Peak (fig. 1), or Mount Lassen, as it is frequently called, lies in north-
eastern California near the southern boundary of Shasta County, something over
200 miles northeast of San Francisco and about 75 miles south by east from Mount
Shasta. It forms the southern extremity of the Cascade Range, although from
neighboring cities (Redding, Red Bluff), where views of Lassen Peak are obtained,
it appears isolated and stands out quite conspicuously as the highest point in a
small mountain group forming a portion of an older and much greater center of
volcanic activity of which little now remains. Its height as given by the U. S.
Coast and Geodetic Survey (1913) is 10,466 feet above the sea, but it i1s no more
than 4,500 feet above the surrounding tertane. Its nearest neighbor, Brokeoft
Mountain, is a part of the rim of the ancient crater of Lassen Peak, but its activity
has long since ceased. Only a few feeble sulphur springs remain to indicate where
the northern border of the active basin may have been.

Diller! calls attention to the fact that Lassen Peak is included within the great
outpouring of basalt to the north, which forms one of the greatest lava fields in the
world, including northern California, Oregon, Washington, Idaho, and a part of
Wyoming, covering altogether some 250,000 square miles. Nevertheless, most of
the exposed lava sheet immediately about Lassen Peak is andesite rather than
basalt and suggests that we are here in a transition zone, just outside rather than
within the great “plateau” basalt field. The present cone i1s made up of a rather
dense dacite, not unlike the dacite of Mont Pelée (Martinique), and presumably

1 I. S. Diller, Volcanic History of Lassen Peak, Science, N. S. 43, 727, 1916.
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of high viscosity at the time of its eruption. The lava accordingly piled up about
the opening and is insignificant in volume as compared with the great basalt out-
pourings to the northward, which were for the most part relatively fluid.:

It has been supposed that the last preceding period of activity of the present
volcano brought to the surface the rough region known as Lassen Crags, just north
of the peak, and that this eruption occurred at least 200 years ago.>? Probably the
most recent volcanic activity in the region occurred some 10 miles to the northeast,
where a low cone (Cinder Cone) emerges somewhat abruptly from the plain and

Fig 1.—June 9, 1914. One of the earliest eruptions of Lassen Peak. Photo Loomis.

reaches a height of about 620 feet, with an open summit crater rather more than
200 feet deep. From the side of this cone, at an elevation not much above the level
of the surrounding plain, there emerged a flow of rough lava of aa type, covering
more than 3 square miles and from 100 feet to 125 feet in thickness.

From Indian tradition the age of this flow has been assumed to be between
75 and 100 years, but an investigation of the age of adjacent trees® indicates that a
somewhat greater period has elapsed since this flow occurred. So far as we have

L Cf. H. S. Washington, Deccan Traps and other plateau basalts, Bull. Geol. Soc. America, 33, 775-780, 1922.

2 Diller, loc. cit.

3 At the suggestion of the writer, Supervisor Merrill of the Forest Service cut down one of the trees growing about 3 feet
from the flow and rooted in the ash. He counted more than 200 rings on the stump. See also J. S. Diller, A Late Volcanic
Eruption in Northern California and its Peculiar Lava, U. S. Geol. Surv. Bull. 79, 20, 1891.



R

record, therefore, the only local volcanic activity during the past century, and
perhaps the last two, has taken the form of steam fumaroles and hot springs in the
ancient basin to the southwest of Lassen Peak (Supan’s Springs) and in the valleys
to the south and southeast of it (Morgan’s Springs, Bumpass Hell, Devil’s Kitchen,

The Geyser, Boiling Lake, etc.).

Fig. 2.-—1891. Inside old crater looking southeast. Note deposit of
snow in foreground. Photo Drew.

Fig. 3.—The bottom of the old crater with its pool of water draining west-

ward through the western notch (left). Photo Yori.
The outbreak of May 30, 1914, referred to in the Forest Service telegram
quoted above, came without premonitory symptoms of any kind having been
observed. No change was noticed either in the temperature or in the activity of
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the neighboring hot springs, and no local earthquakes attracted especial attention.
A lowering of the ground water so often observed at Vesuvius' as a conspicuous
premonitory indication of impending eruptions was not noticed here.

The valleys surrounding Lassen Peak for a distance of 20 miles or more are
occupied for the most part only in summer by cattlemen and lumbermen. The
nearest point of observation during the winter season is probably the hamlet of
Mineral, from which the telegram was sent and which is regularly used as a winter
observation point by the Forest Service. The summer observation point at the
summit of Lassen Peak itself was not regularly occupied before the torest-fire
season (July).

Fig. 4—The western notch in the crater rim before the upheaval in May, 1915. Photo Olsen.

In the summer season Lassen crater was reasonably well known and was
accessible to and occasionally visited by tourists before any sign of activity appeared.
In appearance the crater was a smooth bowl with a floor of volcanic sand and lapilli,
the lowest point of which was about 360 feet below the highest point of the rim
upon which the Forest Service had built its shelter. A small pool of drainage water
was usually to be found in the bottom of the bowl and the portion of the inclosing
parapet which faced north, was never free from snow (figs. 2 and 3). The shape of
the bowl itself was roughly oval, with the long axis nearly east and west, but it was
not entirely symmetrical. The north and south sections of the inclosing rim
retained approximately the original conical form but the east and west sections were
broken by V-shaped openings (fig. 4), pointing to earlier explosive action and per-
haps indicative of structural weakness in this azimuth. It is interesting to note in
thrs connectlon that the general faultmg of the regron (see Drller) is in a nearly

‘lusq)h l’r(sr\u(h On the Agency of Water in \olcamc l‘rupnuns l’roc Ro\ Suc No 246, 117, 1886.
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east-and-west direction, and the earliest cracks reported from the present eruption
were in this azimuth. No fumaroles or other signs of latent activity are known to
have existed on the summit within the memory of those living near. Snow is
reported to accumulate within the summit basin to a depth of 40 feet or more each

Fig. 5.—June 28, 1914. Explosion crater showing the ‘‘lateral fissures.”
Photo Holway.

Fig. 6.—The first explosion crater showing the snow with ash and debris
lying upon it. Photo Yori.

winter, and it may or may not be noteworthy that the time of the initial eruption
corresponded approximately with the period of rapid spring melting of this accu-
mulated snow, and that streams of water from this melting snow were reported to be
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pouring into the new crater opening in the very earliest announcements of the
renewal of activity (see below).

Notwithstanding the sparsely inhabited character of the region, the first
explosion appears to have been plainly seen (from Chester, 21 miles away). On the
next day Mr. Harvey Abbey, of the Forest Ranger Service, made his way to the
summit over snow and found an opening about 25 by 40 feet, obviously a small
explosion vent on the inside of the crater bowl, between the small pool at the bottom
of the bowl and the northwestern rim, rather less than half way up.

The early photographs of the explosion crater show plainly in section the snow-
bank through which the explosion occurred (figs. 5 and 6) and the accumulated
debris of the explosion scattered over the top of the snow. It is obvious from these
photographs that the lapilli and fragmentary ejecta thrown out by the explosion
were cold, otherwise they must have melted their way into the snow upon which
they rested. Steam and hot water within the explosion crater are reported by
Ranger Abbey, but the solid material ejected was not hot.

Following the telegram above reported, the records of the Forest Service con-
tain the following memorandum under date of June 2, which contains some further
details:

At 4 a.m., May 31, Ranger Abbey left Mineral for the mountain, arriving on top at
9 a.m., traveling 14 miles over snow from 1 to 6 ft. deep. He found a new crater 25 X 40
ft. in extent and about 300 ft. from the top on the north side of the small lake. There
were 2 lateral fissures about 100 ft. long extending from the crater. Hot mud, stones 18
inches in diameter, and sand had been thrown over an area 200 ft. in diameter to a depth
of one to two feet [See fig. 6]. Ashes and fine sand were scattered over an area of about
one mile across. A large quantity of hot water had run down the slope into the lake,
cutting a channel in the snow. Large volumes of steam were being blown out, and there
was a continual loud hissing. Large quantities of water from the snow were pouring into
the crater, also sand, gravel, and boulders from the sides. Abbey approached to within

50 ft. of the brink, but owing to the caving bank it was unsafe to approach closer. The
entire disturbance acts more like a geyser than a volcano.

(Signed) W. J. RusHING.

The following extract is taken from a letter addressed by the local supervisor
to the district forester at San Francisco under date of June 9, 1914.

Such wild stories are being circulated concerning Mount Lassen that I am sending you
the results of our observations to date.

Saturday, May 30, an outbreak occurred at 5 p.m. This was witnessed by Ike McKen-
zie of Chester, who was looking directly at it when it occurred. Abbey investigated it
Sunday, May 31 . . . . (see telegram above). . . . The sand thrown out was granitic in
character, sharp, and contained mica. No molten material was thrown out at all. At
8hsm a.m., June 1, a second outburst occurred, throwing out large quantities of the same
material. Some boulders weighing all of a ton were thrown out. The vent was enlarged
to 60 X 275 ft. 'The fumes escaping were said by Boerker and Macomber to be arsenic [?],
hydrochloric acid, and sulphur. Boerker, Abbey, and Macomber went up June 4, re-
mained at the top in the lookout house over night, and came back June 5. . . .

We have watched it carefully and at no time have we been able to see any flame or in-
dication of fire.

(Signed) W. J. RusHING.



PLATE 1

Successive views of the explosion of June 14, 1914, taken near Manzanita Lake. Photo Loomis.
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For the next few days eruptions continued at the rate of about one every two
days and were of increasing violence and duration. The fourth recorded outbreak,
which occurred at 4"30™ p.m. on June 8, continued for 40 minutes and was heavier
than any which preceded it. On Friday, June 12, the ash cloud was very dense
and poured out for 50 minutes or more. It was after this eruption that a visit to
the summit showed that the explosion crater had increased to 400 feet in length
and 100 feet across, the inner walls and bottom being formed of infallen talus.

Sunday, June 14, brought three eruptions, during one of which the ash cloud
reached an elevation of 2,500 feet above the summit, and explosions of great power
were reported. After the eruption of Friday, June 19, the explosion crater had grown
to 600 feet in length and 100 feet across (fig. 7), evidently extending eastward along

Fig. 7.—June 20, 1914. Looking north. Explosion vent now 600 ft. long and 100 ft. wide.
Photo Loomis.

a preexisting summit fault. During this period of development a considerable
number of people visited the mountain and made photographs and observations of
various kinds. One party was so unfortunate as to be caught in the midst of a
severe outbreak (June 14, 9"43™ a.m.), during which a member of the party suffered
a broken shoulder from a falling stone, and all were obliged to bury their heads in
the snow to avoid breathing the dust-laden air. The darkness within the cloud was
reported to be intense for a period of 10 minutes or more, but suffocating gases
were not encountered. (Plate I.)

In general during the summer of 1914 the eruptions continued to increase in
violence. On July 15, for example, a very heavy eruption at 65= a.m. was reported
which lasted 4 hours and was followed at 12"5™ on the same day by the greatest
disturbance thus far recorded. It lasted during the entire afternoon and vast
quantities of dust were discharged. This period of activity (1914) probably
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culminated in the outbreak of Saturday, July 18, beginning at 5"28= in the morning.
Of this, the record kept by the Forest Service states. ““By far the most violent
eruption to date. Ash, steam, etc., arose to height of 11,000 feet practically entire
morning.” This eruption is No. 24 of the Forest Service record (No. 30 of the
combined record hereto appended, p. 176).

Following this outbreak the mountain was quiet until August 10, when a
moderate quantity of ash was thrown out in the late afternoon and early evening.
Under date of August 15, Forest Supervisor Allen reported to Mr. Diller of the
Geological Survey that a tape measurement of the explosion crater showed it to be
600 feet by 209 feet. Other outbreaks followed during the summer, notably on
August 21, when the entire crater appeared to be active and the smoke cloud
reached a measured elevation of 10,560 feet above the summit. Following is an
abstract from a letter from Supervisor Rushing dated August 27, 1914, describing
the activity of this period:

The eruptions of last week were considerably heavier than any formerly seen, and the
eruption of August 19 was plainly heard by parties entering the Manzanita Chute [distant
about 5 miles northwest of the mountain]. From the west end seven vibrations were felt
by Ranger Bramhall at Jessen and Stuart’s place in section 30, T. 31 N., R. 5E. [distant
5 miles northeast; reference 1s to Forest Service map of Lassen National Forest, 1913].
Rumblings and noises similar to rocks sliding have been heard by the lookout on Brokeoft
Mountain [4 miles southwest] during all recent eruptions. There is only one crater so far
as we can determine. . . . Rumors of new craters are caused by parties seeing the ashes
or dust being blown by whirlwinds from different parts of the Mountain . . .

From this time on eruptions were of greater duration and heavily ash-laden,
but apparently of more moderate violence. The total number of outbreaks re-
corded at the Forest Service observation stations during the year 1914 i1s 69 (from
all sources 110). Of these, the first 17 (up to July 13) were sharp and short, none
lasting more than an hour. The eighteenth eruption (July 15) lasted 4 hours, and
of the following outbreaks up to and including the forty-ninth (September 30,
1914) but two are described as short, the average length being 3 to 4 hours. From
the fiftieth outbreak (October 1) to the end of the year but one eruption (the
fifty-third October 7) exceeded an hour in length, (see p. 176, et seq.).

CHARACTER OF EXPLOSIONS OF 1914.

The discussions of volcanic activity at Lassen Peak by newspapers and random
observers have not served to set before us a very clear picture of the actual activity
there as compared with other volcanic eruptions of historic record. The number of
observers was actually small, by reason of the isolated location of the volcano, and
the proportion of these who had seen volcanic phenomena before was almost negli-
gible. It is, therefore, not surprising if the emphasis has occasionally been mis-
placed in the accounts which have come to us of the different phases of activity.
By way of illustration, it will be recalled that a rather serious discussion took place
in newspapers, in which one or two magazines of local circulation participated, as
to whether Lassen Peak should properly be described as a volcano or a geyser, the
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latter apparently being suggested by one of the earliest Forest Service dispatches
(p. 8), by the steam clouds, and by the report of streams of hot water within the
crater basin. This point need never have been in doubt. Lassen Peak, both in the
“visible record of past activity and in the characteristics of the present eruption, is
a true volcano.

The precise character of the explosions which occurred during 1914 can not be
determined from information available or the ground. No report of fumes of
sulphur or acid in the smoke cloud itself has come from any observer. During 1914
acid fumes in insignificant volume were twice reported on the mountain, once by
the Forest Service and once by Mr. Diller of the Geological Survey, but neither of
these reports was connected with the more violent phases of activity. Neither have

Fig. 8.—October 27, 1914. The explosion crater and its vertical rift. Photo Olsen.

any reports indicated the presence of incrustations or precipitated matter on the
rocks exposed by the explosions. There was steam at all times, both in the explosion
clouds and pouring from cracks and loose ejecta (fig. 8), both during and after the
explosions. Practically all reports from visitors to the mountain, as well as photo-
graphs taken at the summit, confirm this. It would almost seem as though the
explosions of the first summer were altogether of the steam-boiler type without the
participation of fresh lava or more rhan insignificant quantities of the more active
chemical ingredients common to the explosive volcanoes of the West Indies or the
Mediterranean.

The absence of any evidence of continued high temperature on the mountain
appears to confirm this conclusion, for all of the phenomena observed during the
summer of 1914 could have been produced by exploding steam without attaining
high temperatures locally. The further fact that most of the outbreaks were of
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low intensity and large volume also suggests the same interpretation. The single
recorded observation of red-hot objects (Forest Service, see below) thrown out of
the crater offers little to disturb this view. It is altogether possible, considering the
volume of dust and heavier ejecta removed from the crater by the successive ex-
plosions continuing through several months, that for a few moments red-hot rocks
should have become exposed and a few fragments ejected while still hot enough to
show red, but the evidence in support of such a hypothesis is meager.

This question, whether or not liquid lava appeared in the crater in 1914 or
red-hot rocks were thrown out, has been somewhat difficult to answer conclusively.
The newspapers reported such occurrences very early, and isolated observers re-
ported having seen such displays at night during the summer months. It is hardly
possible to give full credence to such observations so long as they remain entirely
isolated and lack all precision of detail. With the mountain under constant ob-
servation from all directions in a time like this, a real display of glowing lava or
bombs would certainly find more than one observer when it occurred, and would
leave unmistakable traces after its conclusion. The reports of the character of these
displays are very incomplete, some reporting red-hot rocks and others brilliant white
flashes. No one with whom the writer has talked has ever described a full flight
of any hot object (in 1914), including its fall and landing, although the mountainside
was in plain view to many observers (cf. observations of 1915, pp. 18,19).

A glow in the heavens at night was reported on one or two occasions from
Chester, but this observation also is subject to a certain amount of reservation in
view of the fact that the sunset during the summer months is behind the mountain.
From Chester illuminated clouds are often seen in the west in the evening hours
without any unusual significance being attached to them. Such a glow was not
reported from other places, nor was it reported from Chester during the darkest
hours of the night in 1914. The only authentic statement of reasonably positive
character bearing upon this subject during this year is found in the Forest Service

reco