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GEOLOGY OF THE LASSEN VOLCANIC 
NATIONAL PARK, CALIFORNIA 

BY 

HOWEL WILLIAMS 

INTRODUCTION 

During a brief visit to the Lassen region in the summer of 1927, I 
found my attention arrested by two striking problems. The first was the 
origin and mode of emplacement of the remarkable Chaos Crags and 
Chaos Jumbles—a bare, stony wilderness lying on the northern flank of 
Lassen Peak, evidently the result of recent activity. Convinced that 
the hummocky Jumbles were not of glacial origin as some had sup
posed, I devoted some time to a reconnaissance study, the results of 
which were published in this Bulletin.1 The second problem was the 
origin of the great, smooth cliffs on the south flank of Lassen Peak. 
At that time a near approach was not possible, but even at a distance 
the cliffs recalled photographs of the polished face of the spine of 
Mont Pelee, and it occurred to me that possibly Lassen Peak might 
also represent an upheaved volcanic dome whose sides had been partly 
smoothed by abrasion as it rose between the walls of a circular vent. 
The desire to test this last hypothesis was so strong that I gladly 
seized the opportunity during the following season to devote about 
three months to a survey of the whole region, especially as an excellent 
topographic map had just then been published. There were in addition 
many other incentives. Much had already been learned concerning 
the 1914—1915 eruptions of Lassen Peak, and Diller had described the 
activity of Cinder Cone in some detail, but little was known of the 
remainder of the Park or of the detailed succession of its lavas. ' ' Per
haps no North American volcano has been so extensively studied 
chemically as Lassen Peak" and yet, strangely enough, Diller's pio
neer map of 1885-1886 remained the only available geological map 
of the area. Apart from brief petrographic notes by Richthofen, 
Hague, Iddings, Diller, Day and Allen, nothing had been recorded 
concerning the microscopic characters of the Lassen lavas, so that 

'Williams, Howel, A recent voleanic eruption near Lassen Peak, California, 
Univ. Calif. Publ. Dept. Geol. Sci., vol. 17, pp. 241-63, 1928. 
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their textural and mineralogical varieties were almost wholly unknown. 
This discrepancy between our knowledge of the chemical and the other 
petrographic features of the province was in itself a sufficient urge 
to reexamine and map the field. 

Following the recent activity of Lassen Peak, it had been Diller's 
intention, despite advancing years, to remap the area while Day and 
Allen investigated the hot springs and the products of the Lassen 
eruptions from a geophysical point of view. The results of the latter 
work were published in an admirable memoir,2 but Diller's geological 
studies were cut short by death in 1928. 

The area described in this paper comprises the Lassen Volcanic 
National Park and its immediate environs, an area of about 200 square 
miles. President Taft in 1906 had set aside Lassen Peak and Cinder 
Cone as national monuments worthy of especial note as examples of 
recent vulcanism. During 1914 and 1915, however, the eruptions of 
Lassen Peak attracted such widespread attention to the district that 
in the following year a National Park was created by Act of Congress 
to include not merely Lassen Peak and Cinder Cone, but also the 
intervening and adjacent country. Since that time, the construction 
of new roads and the improvement of the old ones have rendered the 
region easily accessible and it may now rank with Yellowstone Park 
as a convenient and highly instructive field for the study of volcanic 
and solfataric activity. 

Place names.—In the original Pacific Railroad Survey reports 
Lassen Peak is designated as St. Joseph's Mountain; Whitney referred 
to it as Lassen's Peak, while others have called it Lassen's Butte and 
Mount Lassen. A similar confusion occurs in the names applied to 
many other features in this region. For instance, Butte Lake is termed 
Lake Bidwell on Diller's maps; the Twin Lakes are sometimes men
tioned as Bee Lakes or Lake Tillmann, Horseshoe Lake as Grassy 
Lake, Lake Helen as Sapphire Lake, while Snag and Juniper lakes 
were once spoken of as Anna and Louisa lakes, respectively, the for
mer having also been named Lake Lapilli. Many of the peaks likewise 
bear two or more names. Raker Peak is known to some as Barrier or 
Divide Peak or Jessen Mountain, and White Mountain as Kings Creek 
Mountain. I t is regrettable that new names have sometimes been 
coined and given publicity without authority. Those adopted in this 
paper are taken from the United States Geological Survey Topc-

2 Day, A. L., and Allen, E. T., The volcanic activity and hot springs of Lassen 
Peak, Carnegie Inst., Washington, Publ. 360, 1925. 
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graphic Map of the Park, 1929 edition. Even on this sheet many 
features are still unnamed, but it is hoped that the names here 
employed will be universally adopted so that an end may be put to 
the present confusion. 

Location and approaches— 

The Park is situated at the junction of the four counties of Shasta, 
Tehama, Plumas, and Lassen, and lies, approximately, between the 
parallels 40°22' and 40°35' N., and between the meridians 121°15' 
and 121°3o' W. Lassen Peak itself is situated about 210 miles north-
northeast of San Francisco. Several routes converge upon the Park, 
the best of which is the Red Bluff-Reno Highway passing through 
Mineral and Chester. At Mineral this route connects with the new 
Park Highway that runs through the center of the Park, passing near 
most of the important geologic features. The geologist with but little 
time at his disposal will find this route well suited to give him a 
general idea of the region, for it proceeds northward by way of the 
head of Mill Creek Valley, across the old, faulted crater of the Broke-
off Volcano, which is dotted with hot springs. Thence, passing near 
the fumaroles and boiling pools of Bumpass Hell and skirting the 
glacial tarns of Lakes Emerald and Helen, it climbs over the south
east shoulder of Lassen Peak, affording fine views of many dacite 
domes and of the earlier dacite flows from the original Lassen crater. 
Descending the upper part of Kings Creek Valley, the highway swings 
round the flank of the impressive, talus-mantled dome of White Moun
tain, crossing the region about the heads of Hat and Lost creeks where 
the havoc caused by the 1915 mud flows from Lassen Peak may con
veniently be observed. Continuing westward, along the course of one 
of these mud flows, the highway finally traverses the Chaos Jumbles— 
a broad, hummocky, almost barren deposit of dacite blocks left by a 
recent avalanche from the domes of the Chaos Crags. By this route 
the traveler leaves the Park near Manzanita Lake, formed by the 
damming action of the Jumbles avalanche, and may descend through 
Viola to Redding and the Sacramento Valley. 

Two other roads enter the Park immediately west of Chester. The 
first of these ascends Warner Valley into a region of hot springs, 
including the Geysers, Boiling Lake, and the Devil's Kitchen, centered 
near Drakesbad; the second follows the eastern flank of the Harkness 
Volcano to Juniper Lake. From both of these roads excellent trails 
lead northward on to the Central Plateau with its many glacial 
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lakes, to the Cinder Cone with its desolate field of basaltic ash and 
well-known flows of quartz basalt, and to the beautifully symmetrical 
cone of Prospect Peak. Travelers approaching the Park from the 
north and east may also enter via Butte Lake. At present, however, 
this corner of the Park is still almost inaccessible to automobiles since, 
happily, the Park Service is desirous of retaining the section in its 
primitive, wild condition. 

Climate.—The official Park season opens on June 1 and closes on 
September 15. Some years, however, the snow may be sufficiently 
cleared by early April to reveal plentiful exposures, especially in the 
lower regions. I t is possible in most years to continue work until the end 
of October or early November, the first snowfalls seldom covering the 
ground for more than a few days. Between June and October rains are 
rarely heavy enough to hinder travel. The average annual snowfall at 
Chester, between the years 1911 and 1915, was about 160 inches. At the 
Volcano Observatory, Mineral (elevation 4935 feet), some 12 miles south 
of Lassen Peak, K. II. Finch obtained the following data from records 
extending over a period of from six to eight years. 

Topography— 

The Lassen region (see figs. 1 and 4) lies near the southern end 
of the Cascade Range, an imposing chain of large volcanoes to which 
Mounts Baker, Rainier, Adams, Hood, St. Helens, Jefferson, Pit, 
Mazama, Shasta, and the Three Sisters belong. Toward the south the 
Cascade Range abuts sharply against the northern end of the Sierra 
Nevada. The wide, even, western slope of the Sierra here terminates 
abruptly against a confused cluster of recent volcanoes, along a belt 
that runs through Lake Almanor and Susanville almost at right angles 

Depth of snow at 
Month Temperature Rainfall Snowfall end of month 

Degrees F Inches Inches Inches 

January 30 5.50 35 25 
February 33 4.51 26 30 
March 37 5.60 22 16 
April 40 4.63 20 1 
May 49 1.04 3 trace 
June 56 1.33 trace 0 
July 64 trace 0 0 
August 62 0.01 0 0 
September 53 0.96 trace 0 
October 47 1.72 trace 0 
November 39 4.93 9 1 
December 32 6.63 17 10 



Fig. 1. Generalized geological map of part of northern California. 
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to the general trend of the range. Whereas the topography of the 
Sierra is dominated by ridges, that of the Lassen region is character
ized by peaks which are scattered haphazard. I t was, indeed, this 
sudden change in topography that guided the first explorers in their 
attempt to distinguish the limits and mutual relations of the various 
mountain systems of northern California. 

To the northwest of Lassen lie the Klamath Mountains, a region 
of conspicuous ridges surmounted by narrow peaks, made up pri
marily of Palaeozoic sediments and pre-Cambriam metamorphic rocks 
invaded by large bodies of granite; to the northeast stretches the 
broad interior platform of basalts, part of the great Columbia Plateau, 
extending through Oregon and Idaho into Washington; to the south
west, separating the Lassen region from the Sacramento Valley, is 
the stony plain, composed principally of the coarse, bouldery deposits 
of volcanic mud flows, known as the Tuscan formation, possibly 
derived in part from vents which are now concealed beneath the recent 
lavas of Lassen and adjacent peaks. Diller3 describes the appearance 
of this stony plain in the following words: 

The plain of the Piedmont region is often extremely stony. The rough, angular 
fragments strewn over the surface in great numbers are in part the surviving 
pieces of a once continuous lava sheet, and in par t the enduring portions of the 
disintegrating agglomerate, the finer material having been removed. A typical 
example of this sort of stony waste may be seen 8 to 12 miles east of Bed Bluff, 
south of Paine 's Creek, on the Susanville road. The dreary plain is often for wide 
stretches without arboreal vegetation; but the stunted oak {Qiiercus Garryana), 
taking hold below, and the bull pine (Pinus sabiniana) with the manzanita and 
other shrubbery above, mitigate its otherwise complete barrenness. The traveler 
over the desolate Piedmont region is not likely to forget its peculiarities, especially 
if he crosses i t in an open conveyance under the blaze of a summer sun. I t fits 
him to enjoy the salubrity of the mountain clime beyond. 

So much for the general topographic setting of the Lassen region. 
I t is necessary now to outline briefly the salient features of the 
National Park itself. Most of the major volcanoes are of such recent 
origin that their forms have scarcely been modified by erosion, and 
the relationship between topography and geological formations is 
therefore apparent (fig. 2). Broadly speaking, the Park is divisible 
into the following topographic units: 

a Diller, J . S., Geology of the Lassen Peak District, 8th Ann. Kept. U.S. Geol. 
Surv., P t . 1, p. 424, 1886. 



Fig. 2. Topographic map of the Lassen Volcanic National Park. 
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The Central Plateau— 

Although on a small scale, this area is decidedly hummocky, it is, 
by contrast with the surrounding country, relatively a plateau, or, 
more exactly, a broad shield with an average elevation of about 7000 
feet, culminating in the cone of Hat Mountain at a height of 7695 
feet. I t is densely wooded with conifers and mantled in places by a 
thick growth of manzanita, while over most of the region, the volcanic 
rocks are still further obscured by a bouldery cover of glacial debris 
in the hollows of which nestle numerous lakes and evanescent tarns. 
Here and there, small but well denned morainic ridges may be seen, 
and where the bedrock protrudes it is commonly striated and finely 
polished by glacial scour. Toward the northeast, the plateau dips 
gently to the cinder-strewn flats crossed by the old Emigrant Trail; 
on the west, it is limited by the valley of Hat Creek; to the east it is 
bordered by an irregular depression in which lie three lakes, Butte, 
Snag, and Juniper; the southern confines of the plateau are deter
mined by the deep fault trough of Hot Springs Creek and "Warner 
Valley. Finally, three well preserved cones, Hat Mountain, Fairfield 
Peak, and Crater Butte rise conspicuously above the general level, 
each about 500 feet high and half a mile in diameter. (See fig. 6.) 

Four strato or shield volcanoes of Hawaiian type—Prospect, Raker 
(Divide), and Harkness Peaks, and Red Mountain—lie approximately 
at the four corners of the Central Plateau. Of these volcanoes, the 
largest, Prospect Peak, has a diameter of four miles and rises 2000 
feet above the surrounding country, its slopes being almost perfectly 
symmetrical (figs. 22 and 61). The other three are so slightly affected 
by erosion that a cinder cone is still preserved on the summit of each. 
Although vegetation and glacial debris largely conceal the lavas in 
the lower parts, exposures are adequate to reveal the general structure 
and succession. 

The eastern ridges— 

An irregular series of peaks and ridges forms the eastern confines 
of the Park, extending north from near the village of Chester through 
Bonte Peak and Mount Hoffmann toward Butte Lake. The lavas 
constituting the western part of this region are among the oldest in 
the Park and appear to have been deeply eroded even before the onset 
of glaciation, so that the present topography gives no clue to the sites 
of the original volcanoes. Powerful, westward moving glaciers have 
also done much to shape the features of this district, where rock tarns, 
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U-shaped valleys, perched blocks, roches moutonnees, and the like 
abound. These glaciers emptied themselves, as did many of those that 
descended from the Central Plateau, into the intervening depression 
which now contains Butte, Snag, and Juniper lakes, and the val
ley of Benner Creek where the glacial drift reaches its maximum 
accumulation. 

Northeast of these deeply sculptured ridges, the glaciated features 
are concealed beneath flows of plateau basalt that extend to the Modoc 
Lava Beds and beyond. 

The northern ridges.—Two round-shouldered, flat-topped, manza-
nita-covered mountains, Badger and Table, lie outside the Park 
boundaries but are shown on the map (foil. p. 385). The heavily 
glaciated features are merely erosional remnants of old basaltic cones 
whose original forms are now quite beyond recognition. 

Fig. 3. Sketch, looking east from near Redding toward Lassen. 
After W. H. Brewer. 

The Brokeoff Volcano.—Even more conspicuous than Lassen Peak 
itself, especially if viewed from the west, is Brokeoff Mountain, with 
its long and gentle, southward dip slope and its precipitous northern 
fault scarp. More than a mile to the north stands Mount Diller, its 
steep scarp facing that of Brokeoff and its gentle slopes falling to Blue 
Lake Canyon. The most casual observer can scarcely fail to recognize 
in the gentle slopes of these two mountains the flanks of an enormous 
volcano, or feel any doubt that the opposing cliffs are caused by 
the collapse of its summit (fig. 3). I t is likely that the volcano formerly 
attained a height of more than 10,000 feet, although the present sum
mit of Brokeoff Mountain is but 9232 feet. The caldera formed by 
engulfment of the apex of the cone has an irregular, more or less 
cirque-like form and is drained by the Sulphur creeks that flow south
ward into the deep gorge of Mill Creek. Many of the most active hot 
springs and fumaroles of the Lassen region are to be found on the 
floor and lower flanks of this caldera, the whole of which is mantled 
by thick and incoherent deposits of opal, kaolin, and alunite conspicu
ous among the dark, unaltered lavas by reason of their dazzling white, 
yellow, and brick red tints. Near the center of the caldera rise the 
ragged pinnacles of Diamond Peak, composed of andesites that are 
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hardly affected by solfataric activity and therefore more resistant to 
erosion. Finally the lower western and southern flanks of Brokeoff 
Volcano are deeply covered by bouldery glacial debris and are further 
concealed by vegetation, whereas the remaining sides are largely 
buried beneath more recent domes of andesite and dacite which 
comprise a distinct topographic unit. 

The volcanic domes.—Steep-sided, dome-shaped or truncated pyra
midal peaks rise in profusion in the northwest corner of the Park, 
chief among them Lassen Peak itself, Eagle Peak, Bumpass and White 
mountains, and the Chaos Crags. Scenically, the most striking fea
ture of these mountains is the extraordinary development of talus on 
their flanks. In general, these domes represent the products of the 
latest activity in the Lassen region. 
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PREVIOUS LITERATURE 

The first allusion to the geology of the Lassen region appears to 
be that contained in Whitney's Survey memoir of 1865.4 Whitney's 
party, including W. II. Brewer, C. F. Hoffmann, and Clarence King, 
approached from the west across the "Stony Plain," probably fol
lowing the old road from Red Bluff to Reno. They seem to have been 
attracted particularly by the hot springs and steam vents that lie to 
the south and southeast of Lassen Peak, visiting the Boiling Lake, 
Devil's Kitchen, and Steamboat Springs, where they were much 
impressed by the decomposition of the lavas, by the saline incrusta
tions, and the sulphur deposits. During September, 1863, Brewer and 
King camped for a week on the south side of Lassen Peak and made 
two ascents of the mountain, observing signs of solfataric activity in 
its summit crater and of former glaciers on its flanks.5 From this 
eminence, they saw the long line of volcanoes which stretches north
wards to Shasta, while, closer at hand, they noted 

a cluster of irregular truncated cones, having- all the appearance of a very recent 
origin. Several persons gave their independent testimony that, from 1854 to 1857, 
these cones were constantly emitting large quantities of steam and gases. Their 
sides were found to bo of looso ashes, and their broad summits were covered with 
loose angular fragments of lava, as if they had been raised up and broken by a 
force acting from beneath. 

I t is clear that they were referring to the Chaos Crags, and that with 
rare insight, they had recognized them to be of the nature of upheaved 

i Whitney, J . D., Geological Survey of California, vol. 1, 1865. 
5 In Up and down California, The journal of W. H. Brewer. Edited by F. P . 

Farquar. Yale Univ. Press, pp. 458-66, 1930. 
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volcanic domes. Indeed, it is now known that the domes were pro
truded vertically through a series of tuff cones not more than 200 
years ago. Concerning Lassen Peak itself, Brewer and King supposed, 
erroneously, that it is "principally made up of ashes and the debris 
of trachytic rocks." To Whitney's party, credit is due for first recog
nizing the crater of the enormous ruined volcano on the southern 
flank of Lassen Peak, of which the most conspicuous remnant is 
Brokeoff Mountain. Brewer's sketch of this crater, taken from a 
vantage point near Redding, looking east, is reproduced here as fig
ure 3. Of the great lava plateau north of Lassen Peak, Whitney says 
little, for it seems that his work in this direction was impeded by the 
hostility of the Indians. 

I t must be remembered that one of the prime objects of Whitney's 
exploration was to locate the precise contact between the Sierra 
Nevada and the Cascade Range. While expressing considerable doubt, 
he concluded that both Shasta and Lassen belong to the Sierra, in the 
belief that their lavas overlie the same formations as those forming 
the flanks of the Sierra farther south and reappearing to the north 
and northwest of the volcanic rocks. Nowadays, however, it is cus
tomary to consider these mountains as part of the Cascade volcanic 
chain. 

In 1868, Richthofen6 published his classic memoir on The Natural 
System of Volcanic Rocks, a work that was destined to exert a power
ful influence on all petrographic studies in the western states for the 
following two decades. Richthofen believed that the Tertiary volcanic 
succession throughout this area commences with lavas of intermediate 
composition and closes with lavas that are highly differentiated, an 
hypothesis later amplified by Harker. More specifically, Richthofen 
supposed the succession to be from propylites, upward through ande-
sites, trachytes, and rhyolites into basalts, and in this place it is of 
especial interest to note that he considered the volcanic sequence at 
Lassen Peak to provide an excellent illustration of his general rule. 
His own words are: 

An instructive instance of one of these grander volcanoes which have under
gone a periodical change in regard to the nature of the matter ejected from them, 
is afforded by the extinct volcano Lassen's Peak, in Northern California, which 
Professor J . D. Whitney and I visited in 1866. We found it to have been origi
nally an andesitio volcano. [The reference here is to the Brokeoff volcano rather 
than to Lassen itself.] . . . . The enormous bulk of the ancient volcano is totally 

8 Bichthofen, Baron F . von, The natural system of volcanic rocks, Mem. Calif. 
Acad. Sci., vol. 1, pt. 2, pp. 1-94, 1868. 
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built up of stratified layers of andesitic tufa and rapilli, which in the steep gorge 
issuing from its lower crater [Mill Creek], are exposed in a thickness of nearly 
4,000 feet, notwithstanding the total destruction which the upper part of the 
former cone has undergone, and the fact of its lower parts extending down far 
beneath the present surface, and being therefore concealed to view. Besides these 
stupendous accumulations of loose matter, currents of andesitic lava appear to 
have been emitted from the crater, extending at least 20 miles from the place of 
ejection. At a later epoch, the activity of the same volcano has been distinguished 
by the emission of trachytic lava from the northeastern part of the wall of the 
crater; its currents have expanded to elongated and sloping tables, bounded by 
abrupt descents. A third epoch is marked by the outbreak of rhyolite at the same 
place whence the trachytic rocks had issued. Rhyolite composes the present summit 
of Lassen's Peak, on which it is accumulated in a thickness of more than 1,500 
feet Mr. Clarence King has observed the occurrence of basalt of appar
ently very recent origin immediately north of Lassen's Peak. I t is probable that 
it indicates the existence of a fourth epoch in the activity of that volcano. 

The trachytes and rhyolites referred to in the above quotation must 
now be regarded as varieties of dacite and andesite, but with this 
correction, " Richthofen's law" still holds as a general truism for the 
volcanic sequence of the Lassen region. 

In his classification of volcanic rocks, Richthofen subdivided the 
rhyolites into three types: nevaclite, or granitic rhyolite, liparite, or 
porphyritic rhyolite, and rhyolite proper or lithoidal and hyaline 
rhyolite. To the first class, nevaclite, he assigned the lavas of Lassen 
Peak and the Chaos Crags, being struck by the general field resem
blance to granites, their high content of cracked phenocrysts of quartz, 
sanidine, and oligoclase, and of mica and hornblende in a vesicular 
base, partly composed of glass. Mention was also made of two varieties 
of " t rachyte" from Lassen Peak, one rich in oligoclase and the other 
in sanidine, and these were said to resemble the "domites" of the 
Puy de Dome, France. 

Richthofen had frequently noted the tendency of lavas to occur in 
regions of faulting, and had observed that the regular slope of the 
Sierra Nevada breaks down abruptly along a line almost at right 
angles to its crest. To the north of this line, he saw the confusion of 
peaks centering about Lassen and Shasta. Still farther north, Brewer 
had found what he considered to be the continuation of the Sierra, 
a region of similar rocks and scenery. Richthofen boldly concluded: 

that a gap of more than 100 miles in length has been formed in the region of 
the two volcanoes, by the displacement of a. portion of the Sierra Nevada, which 
was probably bounded by two lines of fracture transverse to the direction of the 
mountain range, and has subsided thousands of feet, and that then an immense 
accumulation of volcanic rocks filled up the gap, and closed in building the two 
giant volcanoes. 
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The fault trough thus denned by Richthofen corresponds nearly with 
what Diller subsequently termed the "Lassen Strai t" (fig. 4). 

Pig. 4. Showing the boundaries between the Sierra Nevada, Cascade, Coast Ranges, 
and Klamath Mountains. Cretaceous (Chico) land, stippled. Note position of 
' Lassen Strai t . ' Redrawn from J . S. Diller, Mazama, vol. 4, fig. 1, 1915. 

In 1870, as Geologist in charge of the Fortieth Parallel Corps, 
Clarence King again visited the Lassen district, but his report7 con
tains little that is new concerning the area and its value is seriously 

i King, C , U.S. Geological Exploration of the Fortieth Parallel, vol. 1, 1878. 
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impaired by a too rigid adherence to the "law of Richthofen." Here, 
however, one finds the first expression of the idea that much of the 
crater wall of the original andesitic volcano of the Lassen region, the 
Brokeoff Cone, has been engulfed, and its place occupied by ' ' modern 
trachytic and rhyolitic cones." 

In 1874, Harkness8 described a visit to Cinder Cone. For some 
time previously there had been rumors of eruptions in this vicinity, 
but hostile Indians had prevented a close approach. Harkness veri
fied the rumors from his own observations and from the evidence 
supplied by others. Some stated that "f ires" had been seen during 
the winter of 1850-1851, even from as far as Angel's Camp, 160 miles 
away, and two prospectors reported " tha t at one point they traveled 
for a distance of 10 miles across a strip of country where the rocks 
were still so hot as entirely to destroy their boots, they losing a horse 
and one mule during the transit ." Recently, a magnetic survey of 
the lava beds near Cinder Cone has afforded still further confirmation 
as to the recency of the last eruption. 

I t had been the hope of the Fortieth Parallel Corps to make a 
detailed study of the chief volcanoes of the Cascade Range, but despite 
a preliminary reconnaissance, the results of which were never pub
lished, the ambition was not realized. In 1883, however, Hague and 
Iddings availed themselves of some of the material collected by King's 
Survey to contribute valuable notes on the lavas of Lassen Peak and 
of Mounts Rainier, Hood, and Shasta.0 In this paper, they emphasize 
the general similarity among the lavas of these four great cones, 
supporting their statements by chemical analyses, but recognize " a 
wider range and a greater variety of structure in the more acidic types 
from Lassen Peak and Shasta." Among the Lassen specimens, they 
distinguished hypersthene- and homblende-andesites, dacites, and 
basalts. The lava from the Chaos Crags, which Richthofen had classi
fied as rhyolite (nevadite), was reexamined and found to be dacite. 
Attention was also drawn to the fact that "among the andesites in 
the collection from the volcanoes none have been found in which the 
predominant pyroxene is augite." Indeed, it has been assumed by 
later workers that augite andesites are entirely absent from the mag-
matic region to which Lassen Peak and the associated volcanoes belong, 
although it will be seen hereafter that such is far from being the case. 

8 Harkness, H. W., A recent volcano in Plumas County, Proc. Calif. Acad. Sci., 
vol. 5, pt . 1, pp. 408-12, 1874. 

o Hague, A., and Iddings, J . P., Notes on the volcanoes of northern California, 
Oregon, and Washington Territory, Am. Jour. Sci., vol. 26, pp. 222-35, 1883. 
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In 1883, yet another geological survey of the Cascade Range was 
initiated, this time under the leadership of Dutton. Two years later, 
Diller was despatched to examine Lassen Peak and vicinity, for the 
importance of the area was already known on account of the recency 
and variety of its lavas, and it was hoped that here at last the key 
would be found to the old problem of the relations between the Sierra 
Nevada and the Coast and Cascade ranges. Diller's work on the 
Lassen district, begun at this early date, continued at intervals for 
almost 40 years. In this place, it will be sufficient to refer to a few of 
his discoveries. Employing the rough topographic map of the Lassen 
quadrangle, on the scale of 1/250,000, which had just been completed 
by Kerr, J. D. Hoffmann, and the Wheeler Survey, Diller devoted the 
two field seasons of 1885-1886 to the construction of a preliminary 
geological map, published in 1887.10 Although he returned to map the 
"Auriferous Slates," and although the official survey sheet of the 
Lassen Peak quadrangle (No. 15) did not appear until 1895 (a pre
liminary folio was published in 1891), his original map differs only 
in detail from the final publication. It may be said, indeed, that Diller 
had completed his mapping of the Lassen volcanic rocks by 1887. In 
evaluating his work, it must be borne in mind that at that time Lind-
gren and Turner had barely began their long researches in the Sierra 
Nevada, so that the structure and succession of the rocks to the south 
of Lassen were known to Diller only through the brief notes of the 
Whitney survey of 1865. Diller thus had little or nothing to which 
" to t i e " his own observations. 

His first paper deals essentially with questions of stratigraphy. 
He recognized that the Lassen ridge is merely an accumulation of 
lavas occupying a depression between the Coast Range and the Sierra 
Nevada and that it belongs, geologically, to the Cascade chain. This 
depression, transverse to the general Sierran trend, he termed the 
Lassen Strait (fig. 4). "Prom the latter portion of the Cretaceous 
into the Pliocene, inclusive, the depression was occupied by water," 
for the "Chico-Tejon Series" outcrops near the northern end of the 
Sacramento Valley and reappears from beneath the lavas in the 
southern part of Oregon. At first, he made no attempt to separate 
the Miocene from the Pliocene, but on his final map (1895), he dis
tinguished the outcrops of the so-called Tuscan tuff from those of the 
underlying ' ' lone, ' ' referring the former, as well as the lavas of La.s-

io Diller, J . S., Geology of the Lassen Peak district, 8th Ann. Rept. U.S. Geol. 
Surv., Pt . 1, pp. 401-32, pi. 47, 1886-87. 
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sen itself, to the Pliocene. From a study of stream terraces and chan
nels, he surmised that the region had been uplifted several times 
during the Pliocene period, and that each upheaval was accompanied 
by volcanic eruptions. In fact, he believed that in the Piedmont 
region differential uplift continued into post-Quaternary times. 

Diller was naturally attracted by the spectacular Cinder Cone and 
the fantastic lava beds that lie to the northeast of Lassen Peak, for 
the utter desolation of the place and the obvious recency of the erup
tions invited attention. He supposed that there had been two epochs 
of eruption. ' ' The first epoch was characterised by a violent explosive 
eruption which formed the Cinder Cone and ash-field. Within the 
latter part of this period of violence some lava was effused, and this 
was partially covered by succeeding showers of ashes." These erup
tions he estimated as having occurred about 200 years ago. Then 
followed a period of quiescence, during which infusorial earth accumu
lated in a lake that partly covered the earlier ejecta, and, finally, a 
little more than 90 years ago, there was a quiet effusion of blocky 
lava. Diller described the characters of this lava in much detail,11 

finding it to be a peculiar type of quartz-bearing basalt, in which the 
quartz was supposedly an indigenous, early crystallization, a view 
recently disproved by Anderson. 

Diller's brief Description of the Lassen Peak sheet, accompanying 
the folio, appeared in 1895 and summarizes most of his previous work. 
I t is stated here that the general volcanic sequence is from hornblende 
andesites at the base, through pyroxene andesites, rhyolites, and 
dacites to basalts and quartz basalts at the top, a succession almost 
similar to that suggested by Richthofen. In this paper Diller also 
states that volcanic activity began in the Lassen Peak area " a t the 
close of the lone epoch (Neocene) and occurred most violently at the 
time the Sierra Nevada was upheaved." The period of maximum 
glaciation "occurred soon after the mountains had reached their 
greatest altitude, when by far the largest portion of the lavas had been 
erupted." 

The first description of the microscopic characters of the Lassen 
dacite was published by Diller in 1898,12 together with three analyses 
of the same. Notice was then directed, for the first time, to the "basic 

11 Diller, J . S., A late volcanic eruption in northern California and its peculiar 
lava, Bull. U.S. Geol. Surv., No. 79, 1891. Also Am. Jour. Sci., ser. 3, vol. 33, 
pp. 45-50, 1887. 

12 Idem, The educational series of rock specimens, Bull. U.S. Geol. Surv., No. 
150, pp. 217-19, 1898. 
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secretions," which are so abundant, not only in the lavas of the Peak, 
but throughout the dacites of the adjacent country. These secretions 
or "nodules," as Diller called them, were said to be holocrystalline, 
whereas the enclosing dacite almost always contains glass. Moreover, 
he found them to carry more hornblende and less pyroxene than the 
surrounding dacite, and supposed them to be the products of early 
crystallization of a once homogeneous magma. 

In 1897, Clarke and Hillebrand13 published 48 analyses of volcanic 
rocks from the Lassen region, of which 22 are of specimens from the 
National Park itself. Subsequently, Harker,14 in his well-known work 
on The Natural History of Igneous Rocks, selected these analyses of 
Lassen lavas as examples of his Pacific facies and constructed varia
tion diagrams to indicate the graded character of the assemblage. He 
also demonstrated that the "basic secretions," referred to above, fall 
naturally into the variation curves, seeming to show that "they have 
resulted from a differentiation not very different from that which 
produced the series of lavas," whereas the quartz-bearing basalts of 
Cinder Cone, being low in alumina and high in magnesia, were 
considered to be hybrid rocks. 

No further contributions to the literature of the region appeared 
until 1914. In May of that year, Lassen Peak broke out in mild 
eruption. Explosions recurred at irregular intervals until May 1915, 
when the activity culminated in two violent outbreaks and the pro
trusion of viscous lava into the summit crater, after which there was 
a period of normal subsidence lasting two years. The published 
accounts of these eruptions, too numerous to be reviewed in this place, 
are listed below and some of them will be referred to in the sequel. 

Day, A. L. Do volcanoes offer evidence in regard to the interior of the earth? 
Jour. Washington Acad. Sci., vol. 6, pp. 634-635, 1916. 

Possible causes of the volcanic activity at Lassen Peak. Jour. Franklin Instit., 
vol. 194, pp. 569-582, 1922. Also in Bull. Seismol. Soc. Am., vol. 12, pp. 
35-46, 1922. 

Diller, J . S. The eruptions at Lassen Peak, California. Ibid., vol. 4, pp. 103-107, 
1914. 

The Lassen eruption. Science, n.s., vol. 40, pp. 49-51, 1914. 
The eruptions of Lassen Peak, California. Mazama, vol. 4, pp. 54-59, 1914. 
Geologic history of Lassen Peak. Jour. Washington Acad. Sci., vol. 6, pp. 404-

406, 1916. 
Lassen Peak—our most active volcano. Bull. Seismol. Soc. Am., vol. 6, pp. 1-7, 

1916. 

13 Clarke, F . W., and Hillebrand, W. F., Analvscs of rocks, ibid., No. 148, 
pp. 191-200, 1897. 

n Harker, A., The Natural History of Igneous Bocks (London, 1909) pp. 
125-26 and 35A-56, figs. 28 and 110. 
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The volcanic history of Lassen Peak. Science, n.s., vol. 43, pp. 727-733, 1916. 
Was the new lava from Lassen Peak viscous at the time of its eruption? Jour. 

Washington Acad. Sci., vol. 7, p. 82, 1917. 
Surface fusion of lavas. Bull. Geol. Soc. Am., vol. 33, pp. 142-144, 1922. 

Diller, J . S., and Holway, R. S. Characters of the Lassen Peak eruptions of 
May 20-22, 1915. Bull. Geol. Soe. Am., vol. 26, p . 397, 1915. 

Holway, R. S. Preliminary report on the recent volcanic activity of Lassen Peak. 
Univ. Calif. Publ. Geog., vol. 1, pp. 307-330, 1914. 

Loomis, B. F . Historical Sketch of the Lassen Peak volcano. Anderson Valley 
News Press, March 17, 1922. 

Pictorial history of the Lassen volcano. Ibid., 1926. 
Palmer, A. A. An eruption of Lassen Peak. Monthly Weather Review, pp. 571-

573, 1916. 
Storms, W. H. Eruption of Mt. Lassen. Mining and Scientific Press, vol. 109, 

p. 143, 1914. 

Most of the above papers are summarized by Day and Allen in their 
memoir1"' on The Volcanic Activity and Hot Springs of Lassen Peak. 

I t is a matter of much regret that the recent activity was not 
studied continuously in the field by geologists. True, Diller and Hol
way visited the volcano during the eruptive period, but for much of 
the history the only source of information is the testimony of local 
witnesses. Students of volcanism will feel grateful to these witnesses, 
among whom especial mention should be made of B. F. Loomis, whose 
fine collection of photographs proved of the greatest value in the 
attempt to elucidate the nature of the eruptions. The conclusions 
reached by Day and Allen, in their critical review of the evidence, 
will be discussed later, when reference will be made also to their field 
and laboratory studies of the hot springs, studies that have added 
greatly to our knowledge of the nature of solfataric activity. 

In 1915, Waring16 gave a brief description of the hot springs in 
the vicinity of Lassen Peak. Particularly interesting are his observa
tions on the saline deposits at Morgan's Springs, which he considered 
to be derived from marine Chico sediments underlying the lavas. 

In 1926, a Volcano Observatory was established by the United 
States Geological Survey at Mineral, on the southwest slope of Lassen 
Peak, under the direction of R. H. Finch.17 Here continuous seismo
graph records are now kept, and two auxiliary stations have recently 
been erected, one near Manzanita Lake, on the northwest flank of the 

1 5 Day, A. L., and Allen, E. T., The volcanic activity and hot springs of Lassen 
Peak, Carnegie Instit., Washington, Publ. No. 360, 1925. 

io Waring, G. A., Springs of California, U.S. Geol. Surv., Water Supply Paper 
338, pp. 138^4 , 1915. 

n Finch, R. H., An observatory for the study of Lassen Peak, Bull. Seismol. 
Soc. Am., voL 18, pp. 5-8, 1928. Also, Monthly Bull. Hawaiian Volcano Observa
tory, vol. 16, no. 2, Feb. 1928. 
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volcano, and the other on Mount Harkness. Already Finch has shown 
that there appears to be, in the Lassen region, 

an accumulation of west-southwest t i l t over and above the seasonal effect. Either 
a sinking of the ground to the southwest of the station (Mineral) or a rising to 
the northeast could account for such an accumulation of tilt. As the center of 
present-day volcanic activity is to the northeast, it is assumed that the accumulation 
is due to a rising of the ground in that direction. 

Finch has also contributed a series of valuable notes on the geology 
of the district to the "volcano Letter,18 among which especial mention 
may here be made of those concerning the origin of the great mud 
flow of May 19, 1915, from Lassen Peak. Day and Allen had attrib
uted these flows to the melting of snow by hot rain and ashes and by 
a hot steam blast from beneath the crater rim; Finch considered them 
to result from the melting of snow by a tongue of lava that flowed a 
short distance down the northeast flank of the volcano. 

During the summer of 1928, Finch and Anderson19 restudied 
Cinder Cone and vicinity, while Jones20 conducted a magnetic survey 
of the basalt flows and was able to corroborate the suggestion, first 
made by Finch, that there were four or five separate flows from Cinder 
Cone and not merely two, as Diller had supposed. Anderson reexam
ined the lavas petrographically and concluded that the quartz and 
other inclusions were picked up from an underlying, differentiated 
body of dacite. 

The chemical affinities of the Lassen lavas with those of Mont 
Pelee have been demonstrated by Burri,21 who also compared them 
with the volcanic rocks of the Sierra Nevada, while a variation dia
gram for the Lassen rocks was constructed by Fenner22 from 41 
analyses, 14 of them being unpublished analyses by Shepherd. 

Finally, in 1927, the writer2* briefly studied the Chaos Crags and 
Chaos Jumbles lying to the north of Lassen Peak, finding the former 

is Idem, Volcano Letter, Hawaiian Volcano Research Assoc, Nos. 103, 107, 
110, 115, 117, 118, 120, 137, 144, 153, 155, 161, 162, 166, 186, 199, 224, 237, 238, 
266. December 1926-Jan. 1930. 

10 Pinch, R. H., and Anderson, C. A., The quartz basalt eruptions of Cinder 
Cone, Lassen Volcanic National Park, California Univ. Calif. Publ. Bull. Dept. 
Geol. Sci., vol. 19, pp. 245-73, 1930. 

2<> Jones, A. E., Magnetism of Cinder Cone lava flows, Monthly Bull., Hawaiian 
Volcano Observatory, vol. 16, pp. 61-63, 1928. 

2i Burri, C. R., Chemismus und provinziale Verhiiltnisse der jungeruptiven 
Gesteine des pazifischen Ozeans und seiner Umrandung, Schweiz. Min. u. pet. Mitt., 
vol. 6, pp. 116-199, 1926. 

22 Fenner, C. N., The Katmai magmatic province, Jour. Geol., vol. 34, p. 710, 
1926. 

23 Williams, Howel, op. cit., 1928. 



214 University of California Publications in Geological Sciences [VOL. 21 

to represent two great domes of dacite and the latter to be an 
avalanche-like deposit resulting from the partial collapse of one of 
the domes following violent steam explosions from its base, a type of 
activity comparable to that of Bandai-san, Japan, in 1888. In 192924 

he also presented a preliminary report on the whole cluster of volcanic 
domes centering about and including Lassen Peak, though little men
tion was then made of the earlier volcanism of the region. In 1931 
he discussed the petrography of the Lassen dacites and of their basic 
inclusions. 

THE BEDROCK BENEATH THE LASSEN 
VOLCANIC REGION* 

Within the National Park itself the pre-volcanic rocks are entirely 
buried, and no fragments of such rocks have been found among either 
the lavas or the pyroclastic ejecta of the Lassen region. There can 
be no doubt, however, as a consideration of figure 1 will indicate, that 
the pre-Cretaceous rocks of the Sierra Nevada continue beneath the 
Lassen region into the Klamath Mountains. To the southeast, in the 
area about Taylorsville, occurs a thick group of beds that range in 
age from Silurian to Jurassic, chiefly made up of sandstones, shales, 
and conglomerates with subordinate limestones, intruded by masses of 
diabase, diorite, quartz porphyry, and peridotite, and interbedded at 
many horizons with augite andesites. The strike of these bedded rocks 
is almost without exception toward the Lassen area. Northwest of 
Lassen, on the margin of the quadrangle, occur certain sandstones, 
shales, and shaly limestones referred to as the Bend formation, pos
sibly of Jurassic age. Still farther northwest, in the vicinity of Red
ding, there is exposed a remarkably full succession of Palaeozoic and 
Mesozoic sediments and volcanic deposits comparable in many respects 
to that seen near Taylorsville. In view of these facts, it seems reason
able to infer that similar rocks underlie the whole of the Lassen 
district. 

Unconformably above the Jurassic "Auriferous Slates" follow 
beds of Cretaceous age, referred to as the Chico formation. These are 
largely made up of "soft, friable, yellowish-olive sandstones" of 
marine origin. At present they are only to be seen to the west of 
Lassen. For instance, they are exposed at an elevation of about 3000 

24 Idem, The Volcanic domes of Lassen Peak and vicinity, California. Am. 
Jour. Sci., vol. 18, pp. 313-30, 1929. Also, The dacites of Lassen Peak and vicinity, 
California, and their basic inclusions, ibid., vol. 22, pp. 385-403, 1931. 

* In preparing this section, I have had much consultation with Mr. R. Dana 
Russell, who has recently re-examined many of the Tertiary sediments adjacent to 
the Lassen area. 
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feet in the north fork of Battle Creek and at an elevation of about 
4000 feet in the north fork of Bear Creek, both these localities lying 
approximately 17 miles west of Lassen Peak. Since these Chico beds 
either lie horizontally or dip gently westward, it follows that unless 
they be downfaulted, folded more strongly, have suffered irregular 
post-Cretaceous erosion, or for other reasons vary in thickness, they 
must underlie the Lassen region at an elevation of about 4500 feet. 
Now the lowest point in the area under discussion is at Morgan's 
Springs, 4900 feet above sea level, and it is of interest to note that 
the waters of these springs are commonly very rich in chlorine, a 
constituent that may have been derived, as Waring has suggested, 
from underlying marine sediments of Chico age. Diller supposed that 
an arm of the sea—the Lassen Strait—existed on the present site of 
Lassen Peak, connecting the Cretaceous waters of the Sacramento 
Valley with those in eastern Oregon, and although there is no definite 
proof to this effect, it may well have been the case. 

Resting directly upon the Chico rocks in the area to the west of 
Lassen is a series of fresh-water sands and gravels, containing an 
abundance of andesitic detritus, which Diller classed with the " l o n e " 
formation as Miocene in age. Recently, these deposits have been 
restudied by Russell, by whom they have been termed the Montgomery 
Creek formation, provisionally assigned to the Eocene, and possibly 
the age equivalent of the lone as redefined by Allen. Russell has also 
suggested that the Susanville gravels, lying to the southeast of Lassen 
and containing an admixture of rhyolitic tuff, may be correlated tenta
tively with the Montgomery Creek formation. The possibility there
fore arises that fresh-water sediments of Eocene age underlie the 
Lassen region. 

What happened in this region during Miocene and early Pliocene 
times is at present quite unknown. Possibly it was a time of extensive 
erosion. Certainly, the idea held by Clarence King and Diller of a 
large Piute Lake of Miocene age must now be dismissed. 

Above the Montgomery Creek beds lies the Tuscan formation and 
its detrital equivalent at the head of the Sacramento Valley, the 
Tehama formation. The Tuscan formation, which extends eastward 
to the base of the Brokeoff volcano, is essentially composed of the 
coarse deposits of andesitic and basaltic mudflows, with interbedded 
dacite tuffs, and is Upper Middle to Upper Pliocene in age.25 Within 

25 Russell, R. D., and Vander Hoof, V. L., A vertebrate fauna from a new 
Pliocene formation in northern California, Univ. Calif., Publ. Bull. Dept. Geol. 
Sci., vol. 20, pp. 11-21, 1931. 
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the Lassen National Park, it is not exposed, although it may lie close 
beneath the surface. Possibly much of the material of the Tuscan 
formation was derived from the destruction of old volcanic piles that 
lie beneath the present lavas of the Lassen region or of volcanic cones 
that formerly lay to the east. As the formation is traced toward 
Lassen from the Sacramento Valley it thickens and its included frag
ments become larger until, where last seen, it consists of about 1000 
feet of coarse volcanic breccia. I t can hardly be doubted that when 
the Tuscan mud flows swept westward, they eroded much of the 
country over which they poured, particularly near their source, and 
it may be therefore that the formation is comparatively thin and rests 
on a very uneven floor under the Lassen country. 

While the evidence is admittedly meager, it seems permissible to 
conclude that the exposed lavas of the Lassen National Park are under
lain by the following rocks: first the Pliocene Tuscan formation; 
then, below, a series of freshwater sands, gravels, and tuffs of Eocene 
age, overlying marine Chico sandstones. All these beds lie more or 
less horizontally and with pronounced unconformity upon a folded 
complex of sediments, of very variable lithology, interbedded with 
andesites and intruded by a great variety of hypabyssal and plutonic 
rocks, a complex that ranges in age from Silurian to Jurassic. Among 
the older igneous rocks, it is likely that augite andesites and 
granodiorites predominate. 

SUMMARY OP THE VOLCANIC HISTORY OP THE 

LASSEN REGION 

For convenience of reference the outstanding events in the igneous 
history of the Lassen region may be summarized as follows: 

The earliest activity seems to be recorded in the Willow Lake basalts exposed 
along the southern border of the Park, but of the source of these lavas nothing 
is at present known. They were followed by the eruption of a. thick series of platy, 
pyroxene andesites, here termed the Juniper lavas, which extend westward from 
Juniper Lake for a distance of some four miles. Possibly these flows issued from 
vents that lie concealed beneath later ejecta in the region lying to the east of the 
Park. At about the same time a series of black, porphyritie lavas—the Twin Lakes 
andesites—poured out from a number of vents on the Central Plateau, flooding 
an area of a t least 30 square miles. Apparently the vents of these lavas renewed 
activity a t a much later date to form the three conspicuous, well preserved cones 
of Ha t Mountain, Crater Butte, and Fairfield Peak. Petrographically, these Twin 
Lakes andesites are peculiar by reason of their content of quartz xenocrysts, a 
feature deserving especial mention in view of the fact that the lavas lie adjacent 
to the recently erupted quartz basalts of Cinder Cone. I t may be therefore that 
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this par t of the Park was already underlain by a body of differentiated dacite 
at an early stage in the igneous history. 

At some time following the extrusion of the Twin Lakes andesites, vents 
opened in the vicinity of White Mountain and pyroxene andesite flows poured 
from it, chiefly to the south and east, extending for some five miles as far as the 
head of the Warner Valley. To these flows, the name Flatiron andesites has been 
applied. By this time the whole eastern portion of the Park seems to have been 
transformed into a relatively flat lava plain, conspicuously devoid of pyroclastic 
accumulations. 

The next event was a renewal of activity immediately to the east of the Park, 
whereby thick flows of pyroxene basalt—the Eastern basalts—were poured out 
onto the Juniper andesites. Subsequent erosion of these basalts, which may not 
have extended much farther west than a t present, produced the rugged hills that 
limit the Park on the east. Toward the close of this phase of activity there were 
many important pyroclastic eruptions, and possibly about the same time—the 
exact chronology is open to doubt—andesitic and basaltic cones were active along 
the northern boundary of the Park, in the vicinity of Badger and Table mountains. 

Meanwhile an enormous volcano had gradually been rising in the southwest 
corner of the Park, ultimately attaining a height of about 11,000 feet and a 
diameter of perhaps 15 miles. For this volcano the name Brokeoff Cone has been 
adopted. There is no means of telling when the cone commenced activity, but not 
improbably it was in existence when the Willow Lake basalts were being erupted. 
However that may be, most if not all of its exposed flows appear to be later than 
the Flatiron lavas. In a general way it may be said that the earliest of the 
Brokeoff lavas are augite andesites, above which follow hypersthene andesites 
interbedded, toward the top of the cone, with much tuff and breccia. The prin
cipal vent of this great volcano lay in the neighborhood of Supan's (Tophet) 
Springs. 

At some period during the later history of the Brokeoff cone, fluid lavas were 
being erupted from four shield volcanoes of Hawaiian type, situated one at each 
corner of the Central Plateau, namely Baker and Prospect peaks, Bed Mountain, 
and Mount Harkness. By that time the Juniper and Flatiron andesites had been 
deeply denuded so that the new lavas poured over an uneven surface, many of 
them spilling down the sides of largo valleys. Excepting Baker Peak, which is 
composed of pyroxene andesite, each of these broad, low cones or ' ' shields ' ' con
sists of pyroxene basalt, and all four are surmounted by well preserved cinder 
cones that rise within central, summit craters. 

The eruptions of Bed Mountain had entirely ceased when an irregular body of 
rhyolite was intruded into the cone at its northern base; likewise the Baker Peak 
volcano had long been dormant when a steep-sided, endogenous dome of hornblende-
mica dacite was protruded through its southern flank, just as the trachyte domes 
rise from the sides of the basaltic cones of Ascension Island. 

Approximately at this time a new vent opened on the northeast slope of the 
Brokeoff cone, probably close to, if not immediately beneath the edifice of Lassen 
Peak. As far as can be judged from the meager evidence this event was unheralded 
by strong pyroclastic explosions. From this new crater streams of fluid dacite 
flowed radially, but chiefly toward the north, piling up lava to a thickness of 
1500 feet. These are the black, glassy, beautifully columnar lavas that now 
encircle Lassen Peak, here referred to as the pre-Lassen dacites. If they are 
studied from the base upward, i t will be found that their content of basic inclu
sions increases more or less regularly until in the topmost dacites of Loomis Peak 
the inclusions may constitute as much as half the total volume. Mention is here 
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made of this phenomenon because the dacite of Lassen Peak itself is likewise 
heavily charged with similar basic inclusions. Without doubt the large, almost 
structureless mass of Lassen represents a crater filling or plug-dome of Pelean 
type. The fluid, gas-rich magma had escaped from the crater to form the pre-
Lassen flows; subsequently the gas-poor dacite, carrying with it abundant frag
ments from the homblendie, basic crust of the magma reservoir, welled up 
sluggishly to build Lassen Peak. As the lava rose, partly solid and partly viscous, 
the margins of the dome were abraded and polished against the walls of the vent 
and the surface of the growing pile crumbled continually so as to construct 
enormous banks of talus. 

Smaller domes of viscous dacite rose to the south of Lassen Peak—at Bumpass 
Mountain, Mount Helen, Eagle Peak, and Vulcan's Oastle—and some were con
nected with short, stumpy flows. Perhaps a t this time also the dacite domes of 
Morgan and Boy Scout Hills were protruded through the southern base of the 
Brokeoff Volcano, and the dome of White Mountain was upheaved through the 
vents from which the Flatiron andesites had long before been erupted. Perhaps 
the domes that border Lost Creek also originated at this time. All these domes 
must have risen with great rapidity compared with the rate of growth of the 
earlier strato-volcanoes. 

Whether or not the emission of so much dacite was the immediate cause cannot 
be determined, but for some reason this phase of activity was succeeded by the 
collapse of the summit of the Brokeoff cone along a series of more or less vertical 
faults, thereby producing a vast caldera, approximately 2% square miles in extent. 
In its mode of origin this caldera therefore simulates that of Crater Lake, Oregon. 
Many of the principal hot spring areas of the Lassen region are to be found 
within this faulted caldera of the Brokeoff cone. 

Lassen Peak had probably risen to its present height when a parasitic vent, 
Crescent Crater, erupted flows of dacite from its northeast flank. Then, about 
200 years ago, a line of dacite cones developed at the northwest base of Lassen, 
from which showers of tuff and pumice were exploded. Two more or less cylindrical 
bodies of viscous dacite, each about a mile in diameter, were subsequently pro
truded through these cones and now form the Chaos Crags. Hardly had the later, 
northern dome of dacite been emplaced, having risen some 1800 feet, than steam 
explosions issued from its northern base, causing that whole side of the mass to 
collapse and precipitating a great avalanche of angular blocks which lie strewn 
over an area of 2Vi square miles, a wilderness of debris known as the Chaos 
Jumbles. This was an event comparable in its major features with the eruption 
of Bandai-san, Japan, in 1888. 

The complicated history of Cinder Cone, in the northeast part of the Park, 
commenced with violent pyroclastie explosions, producing not merely the cone 
itself but mantling an area of more than 30 square miles with a. sheet of fine 
ejecta. Possibly this occurred about 500 A.D. Subsequently blocky flows of quartz 
basalt were erupted and after these had been partly concealed by the products of 
further explosions, there were at least two more eruptions of blocky lava, the latest 
of which is reliably dated as occurring in 1851. 

Steam was seen to be rising from the domes of the Chaos Crags as late as 1857, 
but no further important eruptions took place in this region until May, 1914, 
when Lassen itself burst into activity. For a year explosions recurred at irregular 
intervals. In May, 1915, a. mass of lava rose into the summit crater, spilling over 
the rim on the northwest and northeast sides and causing extensive mud flows by 
the melting of the snows. On May 22, a horizontal blast issued from the northeast 



1932] Williams: Geology of Lassen Volcanic National Park 219 

side of the crater, resulting in further damage along the headwaters of Hat and 
Lost creeks. Thereafter activity declined, finally ending in the summer of 1917. 
Since that date the volcano has lain dormant. 

Such is in brief the igneous history of the Lassen region. The sequence of 
events is a simple one; there is here no complicated series of fissure eruptions, 
nor are there any complex hypabyssal intrusions. I t is a history marked first by 
the inundation of the eastern part of the region beneath floods of andesite and 
basalt; then by the growth of the 11,000-foot Brokeoff cone in the southwestern 
portion, and of four shield volcanoes of Hawaiian type at the four corners of the 
Central Plateau; then by the outpouring of fluid dacites from a vent on the north
east slope of the Brokeoff Cone; and finally by the rise of a spectacular group of 
dacite domes, the largest of them Lassen Peak itself, and by the eruption of quartz 
basalt from Cinder Cone. 

WILLOW LAKE BASALTS 

The oldest lavas in the Park appear to be those exposed round the 
margins of Willow Lake extending thence over the divide into Warner 
Valley. On Kelly Mountain, these basalts are overlain by the pale 
gray Juniper andesites; to the west they pass beneath the basalts of 
Red Mountain, whereas to the north, in the vicinity of the Terminal 
Geyser they seem to be intruded by an irregular body of rhyolite. 
Unfortunately, the contacts with these adjacent lavas are nowhere seen 
and the lines drawn on the map (foil. p. 385) are therefore some
what arbitrary. Particularly is this true of the contact with the flows 
from Red Mountain, for the lithological similarity between the Willow 
Lake and Red Mountain basalts is so strong that it defies any attempt 
at differentiation in the field. 

On the north slope of Kelly Mountain, at an elevation of about 
6000 feet, occurs a small outcrop of coarse basaltic agglomerate; but 
elsewhere the Willow Lake series consists entirely of blue black, 
vesicular basalt flows. Except round the lake itself and at a few 
points on the trail between Kelly's Camp and the Terminal Geyser, 
the lavas are rarely exposed, and since they either lie flat or dip at 
low angles there is no means of telling in which direction there source 
may be found. Their exposed thickness is about 600 feet. 

Petrographically they are pyroxene basalts rich in large pheno-
crysts of plagioclase and granules of both augite and hypersthene in 
a glassy matrix stippled with magnetite dust and microliths of pyrox
ene and feldspar. The vesicles are variously infilled with quartz, 
opal, and zeolites and a few are lined with sulphur. Concerning the 
microscopic features of the rocks, nothing need be said here in view 
of their resemblance to the basalts of Red Mountain. 
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JUNIPER ANDESITES 

Juniper Lake is surrounded on all but the south side, where the 
basalts of Mount Harkness descend to it, by a series of pale and dark 
bluish gray, platy, and slabby andesites. These andesites outcrop over 
an area of about 12 square miles, extending westward from Jakey 
Lake to Corral Meadow and southward from Horseshoe (Grassy) Lake 
to Warner Valley and Kelly Mountain. They may be seen to best 
advantage in the glaciated Crystal Cliffs and along the crest of Saddle 
Mountain, for elsewhere they lie concealed by manzanita brush and 
glacial drift and in the north by the recent ejecta of Cinder Cone. 

The age relations of the Juniper andesites are still open to ques
tion. While younger than the Willow Lake basalts, they are certainly 
older than the eastern basalts, for the contact may be studied near 
Jakey Lake. Moreover, they had been deeply denuded before those 
basalts and the lavas of Mount Harkness were erupted. Their rela
tions to the black andesites of the Central Plateau are, however, 
obscure, the contacts being hidden by glacial debris. Tentatively they 
are supposed to dip beneath the black andesites as depicted in fig
ure 26, although it is possible that they are partly contemporaneous 
and interdigitate. That activity continued on the Central Plateau 
long after it had ceased in the region to the east seems certain from 
the occurrence of the three well preserved cones of Fairfield Peak, 
Crater Butte, and Hat Mountain. The andesites of the Flatiron Ridge, 
which probably issued from a vent on or near the present site of White 
Mountain, are mostly, if not entirely younger than the Juniper lavas, 
but there again the evidence is unsatisfactory. 

Along the eastern border of their outcrop, from Cameron Meadow 
to Warner Valley, the Juniper andesites are locally folded. Especially 
is this so in the vicinity of Crystal Lake, where the lavas are vertical 
in places and commonly dip at high angles. Elsewhere they dip at low 
angles, the folds showing no definite alignment. Since folding is 
apparently absent in all the other lavas of the Lassen region, its 
development among the Juniper andesites is a further witness to 
their antiquity. 

The vents of the Juniper lavas, if indeed they were erupted from 
central cones and not through fissures, probably lie to the east of the 
Park limits and may be concealed by the products of later volcanoes. 
Apparently the lavas were distinctly fluid and moved under smooth 
crusts for it is impossible to make out the individual flows. Inter-
bedded pyroclastic deposits are wanting. The exposed thickness of the 
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flows reaches a maximum of about 1700 feet, but the variations from 
top to bottom are negligible. 

Lithologically the Juniper lavas are distinguished principally by 
their platyness or slabbiness (fig. 5), and are generally much more 
distinctly banded than the later lavas. On fracture they appear a 
pale or dark bluish gray and reveal abundant porphyritic feldspars, 
many of them more than half an inch in length, and smaller granules 
of green augite. Vesicular structures are uncommon. By decomposi-

Fig. 5. P la ty Juniper andesites a t Crystal Lake. 

tion the rocks give rise to a distinctive rubbly or gravelly soil essen
tially made up of large, white crystals of feldspar. On the summit of 
Pilot Mountain, the pyroxene andesites are either overlain or intruded 
by a small body of hornblende-mica andesite or dacite, rich in basic 
inclusions, the limits of which are approximately indicated on the map 
(foil. p. 385). Not till these rocks were examined under the microscope 
was it realized that they closely resemble the lavas of Lassen Peak and 
vicinity, and the suggestion is now offered that they may represent 
the denuded remnant of a domical protrusion. 

Microscopical petrography— 

The Juniper andesites are pyroxene-bearing lavas in which augite 
always predominates over hypersthene and in which residual glass is 
generally absent or at most constitutes about 5 per cent of the bulk. 
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Accessory olivine is extremely rare; hornblende, biotite, and quartz 
are wanting. As representative of the series, the following specimen 
from Crystal Cliff, an analysis of which was kindly prepared by 
Steiger, may here be described. Micrometric analysis shows its content 
as: plagioclase, 75 per cent; augite, 14; hypersthene, 5 per cent; 
magnetite, 4 per cent; and interstitial glass, 2 per cent. The matrix 
is a dense pilotaxitic felt with residual feldspathic material and a 
little glass. I t consists of microliths of medium andesine, granular 
augite, prisms of hypersthene, and magnetite, all of which appear to 
have separated more or less at the same time. In many cases the 
hypersthene, which seldom exceeds a length of 0.25 mm., is partly 
surrounded by " jackets" of augite, and both the pyroxenes appear to 
be notably ferriferous. Scattered through this fine-grained base are 
phenocrysts of augite and hypersthene up to 3 mm. in length and 
abundant zoned feldspars often more than twice that size. Most of 
the porphyritic feldspars range from basic to medium andesine, but 
a few have cores of acid labradorite, and many of them enclose gran
ules of augite and magnetite. There are also occasional glomero-
granular clusters of augite, or of that mineral accompanied by acid 
labradorite and much magnetite, which suggest early segregations in 
the normal andesite. A second specimen, taken from Saddle Moun
tain as typical of the lavas of that ridge (anal. 2), differs from the 
above only in the slightly more acid character of its feldspar, which 
varies from medium to acid andesine, and in the smaller content of 
pyroxenes, which amount to 12 per cent of the whole, the augite being 
twice as plentiful as the hypersthene. In a few of the Saddle Moun
tain specimens examined, the feldspathic residue exhibits a "pa tchy" 
polarization and includes the microlithic feldspar poicilitically. Gen
erally, the feldspar laths are oriented haphazard but occasionally they 
exhibit pronounced parallelism. Finally, it should be noted that many 
of the zoned phenocrysts of feldspar are rich in inclusions of pink 
fluorite within each of which there is usually a minute bubble of gas, 
an occurrence that has also been noted among the 1915-lavas of Las
sen Peak; while a few contain inclusions of pale brown glass and 
serpentinized olivine in addition to pyroxene and magnetite. 

The andesite or dacite at the summit of Pilot Mountain, to which 
reference was made above, is a glassy lava crowded with untwinned 
microliths of feldspar, rounded phenocrysts of acid to medium ande
sine, pale green hornblende, and brown biotite, but devoid of por
phyritic quartz. Its nearest analogue among the lavas of the Park is 
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the pre-1915 lava of Lassen Peak. Like that roek it is rich in basic 
inclusions, but instead of being hornblendic, as in the Lassen dacite, 
these inclusions are diabasic and consist of basic plagioclase, mostly 
untwinned, and augite, largely replaced by (?) iddingsite. 

Chemical composition.—It will be observed from the appended 
analyses that the Juniper andesites are slightly more acid than the 
black andesites of the Central Plateau, even though the latter almost 
invariably carry xenocrysts of quartz. Compared with the hyper-
sthene andesites of the Brokeoff Cone they are generally more siliceous 
but less ferriferous and calcic, the lavas that most closely resemble 
them being some of the pre-1915 lavas of Lassen Peak. The lime: 
alkali ratio in both the Juniper andesites is 1.1; the PeO :MgO ratios 
are 1.4 and 1.3. Both analyses fit well on the variation diagram of the 
Lassen series (fig. 62). 

THE TWIN LAKES ANDESITES 

In the north central part of the Park, there is an area about 30 
square miles in extent, bordered to the south by Grassy Swale, Summit 
Creek, and Dersch Meadow; to the west by Hat Creek; to the east 
by Horseshoe (Grassy) Lake and the valley running thence to Snag 
Lake; and to the north by Badger Plat and the line of the Old Emi
grant Trail. This area is a heavily glaciated, dissected plateau dotted 
with countless small lakes. Toward the south, rock exposures are com-

1 2 3 1 2 3 
SiO, 63.50 62.75 59.85 Quartz 17.28 15.84 11.22 
Al263 16.76 16.94 16.68 Orthoclase 13.34 14.46 8.90 
Fe203 1.49 1.99 1.23 Albite 30.39 29.87 30.39 
FeO 2.80 2.46 4.40 Anorthite 22.80 23.07 24.74 
MgO 2.90 3.27 3.85 Diopside 4.26 4.64 10.20 
CaO 5.80 6.00 7.66 Hypersthene.... 8.18 7.98 10.82 
Na.,0 3.59 3.55 3.62 Magneti te 2.09 2.78 1.86 
K 2 6 2.22 2.46 1.46 I lmenite 1.22 1.22 1.22 
H,C~ 21 .28 .20 Apati te 0.34 0.34 0.34 
H20+ 35 .13 .53 Normative plagioclase: 
Ti0 2 65 .62 .65 1—Ab37An,3 
P A 18 .11 .15 2.—AbMAnM 
MnO 07 .07 .12 3—Ab55An„ 
BaO 03 .04 .03 1.—Platy, pale gray andesite, near 

Crystal Lake, east of Juniper 
100.55 100.67 100.43 Lake (80). 

2.—Platy, pale gray andesite from 
Saddle Mountain, on trail from 
Lees Camp to Juniper Lake 
(129). 

3.—Black, porphyritic andesite from 
Central Plateau, east of Ha t 
Mountain (191). 

Analyst, Steiger. 
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paratively plentiful, but elsewhere and particularly along its margins 
the plateau is deeply mantled by thick, bouldery glacial debris, so that 
the contacts of its lavas with the surrounding flows are nowhere to be 
seen. Moreover, toward the north the plateau is also veneered by fine, 
black ejecta from Cinder Cone, and toward the west by pale grajr 

pumice erupted from Lassen Peak in 1915. Rising prominently above 
the general level are Hat Mountain, Fairfield Peak, and Crater Butte 
(fig. 6), three well preserved volcanic cones. Both the cones and the 

Fig. 6. Pa r t of the Central Plateau. Horseshoe Lake in foreground; Crater Butte 
on left; Fairfield Peak on right, with West Prospect Peak beyond. 

plateau are chiefly made up of black and dark gray, strongly por-
phyritic augite andesites, and except in the cones pyroclastic deposits 
are absent. These andesites—here called the Twin (Bee) Lakes ande
sites—are easily distinguished in the field from the adjacent Juniper 
and Flatiron andesites by reason of their massive character, the 
paucity of platyness and flow-structure, and their much darker color. 
While they are almost certainly younger than the Juniper flows, their 
relations to the Flatiron lavas are obscured by broad sheets of detritus. 
Possibly, however, they are of about the same age. 

The vents of the Twin Lakes andesites are presumed to be on the 
present sites of the three cones mentioned above, although the cones 
themselves may well belong to a much later stage of activity than that 
responsible for the plateau lavas proper. As far as can be judged 
from the obscure flow-banding, the lavas lie almost horizontally, and 
it may be therefore that the flows of the three vents interdigitate, as 
depicted in figure 26. No reliable estimate of the thickness can be 
offered, but it is not less than 1000 feet. 
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The cones of Hat Mountain, Fairfield Peak, and Crater Butte each 
measure about half a mile in diameter and from 500 to 600 feet in 
height, and each has a circular crater at its summit. In the case of 
Fairfield Peak, this summit crater is a shallow bowl, averaging about 
100 feet in depth, on the floor of which lies a thin, snow-like film of 
pumice, the result of explosions from Lassen Peak in 1915. Few rocks 
are to be found in situ on the sides of this crater, though crags of red, 
clinkery lava occur on its outer wall. At Crater Butte the vent is a 
steep-sided, funnel-shaped depression, 200 feet deep, with a small lake 
at its bottom, while the crater wall appears to have been breached on 
its northeast side. The crater of Hat Mountain is of about the same 
dimensions, with part of the inner wall vertical, and the outer slopes 
largely covered with blocky lava and scoriae. I t is possible that the 
vents of all three cones were originally more or less cylindrical, like 
that of Crescent Crater on the northeast flank of Lassen Peak. Loose, 
pyroclastie ejecta play only a minor part in the make-up of these 
cones; apparently they were built up chiefly by short, sluggish lava 
flows. 

Microscopical petrography— 

With the exception of some of the gray, aphanitic lavas of the 
cones, the andesites are characterized by their black, fine-grained 
groundmass and their large phenocrysts of opaque, white feldspar. 
Usually granules of augite can be detected with the aid of a hand 
lens, but they are much less conspicuous than in the pale, Juniper 
andesites. Under the miscroscope, the chief peculiarity of the lavas 
is the prevalence of quartz xenocrysts. In some specimens, the quartz 
makes up about 5 per cent of the bulk, and each xenocryst is sur
rounded by a corona of colorless glass and radiating, slender prisms 
of pale green diopside or diopsidic augite, an occurrence resembling 
that to be seen in the quartz basalts of Cinder Cone and vicinity. 
Some of the andesites also contain minute xenocrysts of sanidine. I t 
is possible, therefore, that the Twin Lakes andesites, like the Cinder 
Cone basalts, picked up fragments from an underlying, differentiated 
body of dacite. 

A typical specimen of andesite, taken at a point one-quarter 
of a mile south of Fairfield Peak, has the following composition: 
pale brown to colorless glass, 40 per cent; laths of basic andesine 
(Ab5,,An4r,), 35 per cent; granular augite, 17 per cent; magnetite, 
6 per cent; and quartz xenocrysts, 2 per cent. The quartz xenocrysts 
reach a length of 2.5 mm. and commonly carry inclusions of glass. 
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Scattered throughout are phenocrysts of zoned feldspar, many more 
than 3 mm. long, with cores of acid labradorite and rims of basic 
andesine. In these also glass inclusions are plentiful, and with them 
fluorite and gas bubbles. Most of the augite, which is pale green and 
notably ferriferous, crystallized with and slightly after the micro-
lithic feldspar, that is, with the granular magnetite, this wholesale 
separation of the iron-bearing minerals leaving the residual glass 
either colorless or almost so. Hypersthene is apparently absent, but 
certain intergrowths of granular magnetite and augite hint at the 
former existence of porphyritic hornblende. 

In some of the Twin Lakes andesites, the feldspar is acid andesine, 
but the phenocrysts usually range between basic andesine and acid 
labradorite, as noted above. Occasionally both the porphyritic feld
spar and augite are gathered in separate clusters, and the latter 
mineral may constitute as much as 35 per cent of the volume. 

The lavas of the cones vary much more widely in texture. Those 
of Fairfield Peak frequently contain as much as 60 per cent of 
magnetite-charged glass, the remainder consisting of microliths of 
basic andesine, rarely more than 0.25 mm. long, with granules of 
augite and olivine, some of them 1 mm. long, and accessory hyper
sthene. A notable feature of these lavas, particularly when reddened 
by oxidation, is the alteration of the augite and olivine either to pale 
green serpentine and hematite or to granular aggregates of magnetite, 
the latter type of decomposition resembling that illustrated in figure 8. 
The lavas of Crater Butte are likewise rich in glass, varying in color 
from deep brown to black according to the amount of magnetite dust. 
For the rest, they are made up of microliths of andesine, seldom 
exceeding 0.1 mm. in length, a few large, corroded, zoned, and glass-
filled phenocrysts of labradorite, granular augite, and acicular crystals 
of hornblende completely replaced by magnetite. Finally, the lavas 
of Hat Mountain are distinguished by a general increase in the coarse
ness of texture and by the presence of inclusions of lamprophyric 
aspect, consisting of interlocking laths of labradorite and prisms of 
augite in a glassy matrix. Moreover, these were the only cone lavas 
which were seen to carry xenocrysts of quartz. 

Chemically, the porphyritic, black, Twin Lakes augite andesites 
are poorer in silica than the Juniper andesites, despite their content of 
quartz (anal. 3). They are also richer in iron, magnesia, and lime; 
the lime: alkali ratio is 1.5 to 1. 
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FLATIRON ANDESITES 

Under this caption is included the thick series of andesites that 
stretches south and east from White Mountain to the base of Red 
Mountain, covering an area of approximately 18 square miles. The 
lavas of this series are for the most part pale gray, platy flows, 
abundantly charged with large white phenocrysts of feldspar, and 
toward their base they carry many basic inclusions. Their dips sug
gest one or more vents on or near the site of White Mountain, which 
is therefore regarded as a domical protrusion or crater-filling, particu
larly as its lavas are hardly distinguishable from those of the Platiron 
series. 

The relations of the Flatiron andesites to the Twin Lakes flows 
are obscured by a heavy mantle of glacial debris along Summit Creek, 
but the presumption is in favor of the Flatiron lavas being the 
younger. Similarly, the Flatiron andesites appear to overlie the 
Juniper lavas. They are, however, overlain both by the basalts of 
Red Mountain and the hypersthene andesites of the Brokeoff Cone, 
and are older than all the dacites of the Lassen region. At first sight 
it might be supposed that the steep sides of some of the Flatiron lavas, 
such as those forming the Flatiron ridge itself and the flat-topped 
spur that runs southeast from near the Cold Boiling Lake, suggest 
the flows to be comparatively recent; actually these steep faces are 
the result of postglacial faulting. 

Among the earliest flows are those exposed in the cliffs bordering 
the Devil's Kitchen. Here the andesites exhibit a rude columnar 
structure and are less platy than the overlying flows. Locally, rounded 
and subangular basic inclusions, mostly between an inch and three 
inches in length and seldom more than six inches long, make up as 
much as 30 per cent of the bulk. Similar inclusion-rich andesites are 
traceable southward via Drake Lake and westward to Twin Meadows. 
The lavas of the Flatiron ridge on the other hand, are almost devoid 
of inclusions, and are characterized by strongly developed columnar 
structure. At the eastern end of the ridge, the basal columns measure 
only a yard in length and about a foot in diameter, but the upper 
columns are 30 feet high and up to six feet in width (fig. 7). Nearer 
the vents, on the plateau above Kings Creek Falls, the andesites are 
remarkably platy and resemble the older lavas of the Juniper series. 
Most of the plates, which lie parallel to the flow-planes, are an inch 
or less in thickness, and their dip varies rapidly over short distances, 
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locally reaching 30°. Vesicles are rare among the Flatiron andesites 
and pyroclastic admixtures appear to be absent. Apparently the lavas 
were comparatively viscous and flowed under smooth crusts. 

Solfataric alterations.—Along the fault zones of Warner and 
Kings creeks the andesites have suffered extensively from hot spring 
action. For instance, a zone averaging 30 yards wide, running almost 
along the floor of Warner Creek for about a mile below Drakesbad, is 

Fig. 7. Columnar andesites of the Flatiron ridge, above Kelly's Camp. 

made up essentially of opal and kaolin, crowded with gold-bearing 
pyrite, and streaked with copper stains. Higher up, approximately 
following the road to Drakesbad, are less decomposed andesites or 
propylites heavily stained with malachite and purplish copper oxides 
and seamed with veins of white opal. Locally, the alterations have 
produced a breccia-like rock in which angular whitish fragments of 
intensely decomposed lava lie in a green or purplish, less decomposed 
matrix. Elsewhere, the porphyritic feldspars are richly coated with 
rose-pink iron oxides while the groundmass of the lavas is relieved by 
bright yellow stringers of epidote. Generally, where the lavas are only 
slightly affected, they exhibit a porcellanous, white crust. Nowadays 
solfataric activity is confined to the Devil's Kitchen and the vicinity 
of Drake's Springs, but there can be no doubt that formerly the 
activity was much more widespread and possibly also more intense. 
Highly decomposed lavas are to be seen along Kings Creek for a dis-
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tanee of two miles above Kelly's Camp; they occur at intervals along 
Warner Creek for a distance of four miles below the Devil's Kitchen; 
and they are also to be found along the north side of Warner Valley 
almost as far down as Lee's Camp. All these solfataric zones are 
connected with faults that were recently active. 

Microscopical petrography— 

The Flatiron lavas are pyroxene andesites with a variable content 
of resorbed hornblende. Among the earlier flows, as at the Devil's 
Kitchen, resorbed hornblende crystals may constitute up to 10 per 
cent of the rock, the mineral being partly or wholly replaced by 
magnetite. Strongly pleochroic hypersthene and pale green augite, 
the former predominating, make up, on an average, about 5 per cent, 
being much more abundant than in the lavas of White Mountain. The 
remainder of the andesite consists of well zoned phenocrysts of plagio-
clase, ranging from acid labradorite to medium andesine, many over 
5 mm. in length, microliths of andesine, granules of magnetite, and a 
little colorless glass. Compared with the andesite, the basic inclusions 
are characterized by their tendency to a diabasic texture, by the 
greater basicity and poorer zoning of their plagioclase laths and the 
absence of large phenocrysts. 

The andesites of the Flatiron ridge are likewise rich in resorbed 
hornblende, but in some of them the content of pyroxene reaches 
12 per cent of the whole (hypersthene and augite in equal amounts). 
Among the topmost flows, such as those about Kings Creek Falls, 
hornblende may be altogether wanting. In these rocks, there is often 
a concentration of hypersthene and augite in large granular clusters, 
the latter mineral commonly enclosing the vertical faces of the former. 
Most of the large feldspar phenocrysts are rounded, zoned, and heavily 
charged with glassy inclusions, and their composition varies little 
from that of basic andesine, whereas the microliths are usually of 
medium to acid andesine. 

Pending Anderson's forthcoming report on the solfataric products 
of the Lassen region, little need be said here concerning the alterations 
of the Flatiron andesites. The most intensely altered rocks are made 
up primarily of opal and kaolinite. Wheeler's analysis of the sol
fataric mud from the Devil's Kitchen appears to represent a mixture 
of these two substances with added impurities. In some specimens, 
the original texture of the lava is beautifully preserved even though 
each of the minerals is pseudomorphed by opal. In others, however, 
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the andesite is transformed into a structureless mass of opal and 
kaolin, traversed by irregular streaks of magnetite. Where the rocks 
are less decomposed, it is always the ferromagnesian constituents that 
show the maximum alteration. Generally the pyroxene in such rocks 
has been changed to pale green serpentine, both antigorite and bowl-
ingite, the latter pleochroic from pale yellow green, X, to deep bluish 
green, Z. Occasionally in the rocks most plentiful in copper, the 
antigorite itself appears to be cupriferous, showing a pleochroism 
from pale blue green, X, to deep malachite green, Z, the fibers being 
slow along their length. Lastly, it should be noted that in rare cases, 
both chalcedony and quartz mosaics accompany the opal, and that 
many rocks are irregularly veined by bright red hematite. Calcite 
is rare. 

EASTERN BASALTS 

A belt of pyroxene basalts extends along the eastern margin of 
the Park for a distance of 12 miles from the slopes of Bonte Peak to 
the vicinity of Butte Lake. On the banks of Jakey Lake, these lavas 
may be seen resting on the pale, platy andesites of the Juniper series, 
and it is probable, despite the absence of visible contacts, that they 
also overlie the black andesites of the Central Plateau. That the east
ern lavas are, however, older than the shield volcanoes of Prospect 
Peak and Mount Harkness is manifest from their much more advanced 
erosion, for they have been dissected into an irregular group of peaks 
and ridges that bear little or no relation to the attitude of the lavas 
themselves. Judging solely on this basis, it is equally clear that these 
lavas are older than those forming the upper part of the Brokeoff 
Volcano. 

Except on Bonte Peak, where the flow-planes dip gently to the 
south, the lavas either lie horizontally or dip to the west and south
west, so that their vents lie beyond the limits of the Park, where they 
are probably concealed by the products of later activity. Indeed, since 
Anderson has found lava fragments in the Tuscan formation that 
bear a close resemblance to these flows, it is not impossible that the 
volcanoes from which they were erupted suffered almost complete 
destruction in Pliocene times. How far the flows extended beyond 
their present western limits it is impossible to say. No doubt the lavas 
here grouped together as the eastern series, actually issued from 
several vents throughout a long period of time. For instance, the flow 
of coarse, doleritic basalt, between Glen and Island lakes, perhaps 
the last of the series, appears to have poured down a deep valley 
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excavated in the surrounding- lavas (map, foil. p. 385). Nevertheless, 
the lithological similarities among the several flows are close enough to 
warrant treating them as a whole. 

In the field the eastern lavas most closely resemble those of Mount 
Harkness. Only exceptionally, as near the summit of Mount Hoff
mann, do they exhibit the platy habit characteristic of the Saddle 
Mountain flows. Elsewhere they are either pale gray, massive lavas, 
almost devoid of vesicles and rich in bright green granules of augite, 
or are dark gray and black, vesicular rocks. Occasionally, as in the 
latest flow already mentioned, the texture is ophitic and the unaided 
eye can easily see the plates of augite partly wrapping round the laths 
of feldspar. Strong flow-structure is typically wanting. In the high 
ridge at the northern end of Butte Lake, the basalt is broken into 
piles of large, angular blocks, but most of the flows seem to have had 
smooth crusts and to have been comparatively fluid. At several locali
ties—for example, in the crags behind Butte Lake Ranger Station, in 
those immediately to the east of Crystal Cliffs, and near the summits 
of Bonte Peak and Mount Hoffmann—the basalts are deeply oxidized 
to a brick red and the augite is largely replaced by magnetite, as 
described below, probably owing to solfataric activity. Finally, on 
the summits of most of the peaks, the lavas are interbedded with or 
overlain by basaltic cinders and scoriae indicative of widespread pyro-
clastic activity (map, foil. p. 385). These ejecta are also deeply oxi
dized and the largest of the deposits, on Ash Butte and Red Cinder 
Cone, form conspicuous features of the landscape. It should be borne 
in mind, however, that the actual craters from which the cinders and 
scoriae were erupted are not preserved and that the ejecta are entirely 
pre-glacial in age. 

Microscopical petrography— 

The dominant lava is well represented by the thick, blocky flow 
that forms the high ridge at the foot of Butte Lake. I t is a pale gray, 
massive basalt, almost devoid of porphyritic feldspar but crowded 
with green granules of augite which themselves seldom exceed a milli
meter in length. Essentially, these basalts consist of an intergrowth 
of microlithic plagioclase, granular augite, and magnetite. More pre
cisely an average content is as follows: feldspar, 52 per cent; augite, 
40 per cent; magnetite, 5 per cent; hypersthene, 2 per cent; and 
acicular rutile, 1 per cent. The laths of plagioclase are mostly about 
0.1 mm. long and are multiply twinned on the albite plan. Their 
composition varies little from basic labradorite. The augite occurs in 
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two generations, the earlier porphyritic and the later intersertal. In 
some cases the former is enclosed by rims of hypersthene, a relation 
contrary to the usual. Considering the abundance of secondary rutile, 
it seems that the magnetite, which is generally in well formed crystals, 
is markedly titaniferous. Interstitial glass is absent, and the minerals 
do not exhibit any tendency toward parallelism. 

No good purpose would be served by discussing in detail the char
acters of the basalts that form the hills immediately to the east of 
Butte and Juniper lakes, for they are essentially similar to those of 
the lava just described. As might be expected, there is a certain 
amount of variation in the degree of crystallinity, and in general the 
darker lavas contain considerable amounts of magnetite-charged, 
interstitial glass. There is also slight variation in the relative content 
of the individual minerals, and in some specimens hypersthene is 
present in excess of augite, but this is rare. Occasionally olivine is 
preserved, but neither hornblende nor biotite have been detected, nor 
do any of the lavas contain xenocrysts of quartz. 

The plagioclase, which is almost invariably basic labradorite, 
ranges only between medium labradorite and acid bytownite, and is 
seldom zoned. Phenocrysts of feldspar, exceeding 1 mm. in length, are 
extremely rare; by far the majority of the crystals measuring less 
than 0.5 mm. in length and 0.1 mm. in diameter. In no specimens, not 
even in those altered lavas to be mentioned below, are the feldspars 
in the slightest degree decomposed. 

The augite, where fresh, is pale green and appears to be notably 
ferriferous. Some of it crystallized before the microlithic feldspar 
but most of it separated at the same time, while in the coarsest-
grained, diabasic lavas it is often found molded round the ends of 
the plagioclase laths. If it is intergrown with hypersthene, the latter 
is usually inside, but exceptionally, as noted above, it may enclose the 
augite. Where the hypersthene is developed separately, it forms stout, 
well ended prisms and is strongly pleochroic. In one specimen, taken 
from the river bank a mile north of Butte Lake, hypersthene consti
tutes 15 per cent of the bulk as against 3 per cent of augite; generally, 
however, augite is about ten times as abundant as the ortho-pyroxene. 

Titanomagnetite is always plentiful and may make up 10 per cent 
of some specimens. In the quickly cooled lavas, that is, in those show
ing low fractionation, the magnetite is restricted almost wholly to the 
interstitial glass in which it occurs as formless clouds of dust or pig
ment. On the contrary, if the lava be holocrystalline the magnetite 



1932] Williams: Geology of Lassen Volcanic National Park 233 

is dispersed throughout in euhedral grains or may be concentrated 
with granular augite in the interspaces between the microlithic feld
spar. Probably the composition of the residual glass is not very 
different from the bulk composition of the basalts; certainly, there 
are no instances of high fractionation leading to the formation of a 
strongly silicic and alkalic residuum. 

Before passing on to a description of the altered basalts, mention 
should here be made of the doleritic basalt that descends between Glen 
and Island lakes to the head of Benner Creek. Along its eastern mar
gin, this flow is rudely columnar, the columns standing ten feet high. 
In parts of the flow the texture is truly ophitic and everywhere it is 
abnormally coarse, many of the crystals, both of feldspar and augite 
exceeding 2 mm. in length. These lavas are also distinctive by reason 
of their higher content of olivine and the paucity of hypersthene. The 
feldspar, basic labradorite or acid bytownite, is always perfectly fresh 
and some of the larger crystals may be faintly zoned from a more basic 
core to an acid rim. The augite is highly birefringent and presumably 
rich in iron, and, besides enclosing the feldspar poicilitically or partly 
surrounding it ophitically, may occur as minute intersertal granules. 
Usually, the larger crystals are partly replaced by magnetite and 
bowlingite in a manner shortly to be mentioned. The olivine, which 
is always porphyritic, is similarly decomposed. Lastly, the titano-
magnetite is characteristically intersertal as minute granules, rods, or 
arborescent growths, but is often scattered haphazard throughout all 
the other constituents. Doubtless this doleritic basalt is of about the 
same composition as the finer-grained and more widespread, earlier 
basalts. It is interesting in view of the fact that Anderson has found 
precisely similar lavas in the fragmentary Tuscan formation. 

We must now describe the alterations observable in the oxidized, 
brick red basalt and scoriae, the best examples of which are to be 
found behind Butte Lake Ranger Station and in the areas distin
guished by stipple on the map (foil. p. 385). Some of these rocks are 
minutely veined by opal and calcite, and others have their vesicles 
infilled with iron carbonates. But by far the dominant alteration is 
that affecting the augite and olivine, for these are partly or entirely 
replaced by magnetite and serpentine (bowlingite). Typical examples 
of this replacement as it affects augite, are illustrated in figures 8a 
and b. In some cases, the separation of magnetite, either marginally, 
along the cleavage cracks or haphazard, results in a lowering of the 
birefringence of the augite to about 0.015, but usually there is a con-
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comitant serpentinization. In other cases, serpentinization of the augite 
and olivine proceeds without separation of magnetite. The serpentine 
is reddish brown or brownish green, and seems to be the variety bowl-
ingite. This is the mineral that appears to have an irridescence from 
russet to olive green or brownish when seen in hand specimens and is 
thus readily distinguished from the grass green, unaltered augite. 

Fig. 8. Augite basalts from near Butte Lake. A, Near Banger Station; B, 6674 
Hill. Shows seiiaration of magnetite in augite. Matrix of labradorite, magnetite and 
augite. x 56. 

Frequently, the bowlingite is traversed by thin, irregular ribbons of 
hematite. I t should be remarked, however, that serpentinization of 
the augite and olivine is far less common than the change involving 
simply the separation of magnetite. The question is whether these 
alterations are due to solfataric activity among lavas that were 
already solid or to resorption of intratellurie crystals on extrusion. 
Marginal separation of magnetite in crystals of biotite and hornblende 
owing to ex-solution is a familiar phenomenon and cases of it among 
the basic inclusions of the Lassen domes will be described in the sequel. 
Nevertheless, such a separation can also arise from reheating and can 
be induced artificially. Resorption of augite and olivine with conse
quent liberation of magnetite is comparatively uncommon, for augite 
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at least tends to be fairly stable under surface conditions. Neverthe
less, in the cases now under discussion, it seems that resorption is the 
important factor, for the magnetite is only observed to develop in the 
porphyritic, first-generation augite and not in the microlithic augite 
of the matrix. Moreover, many of the altered phenocrysts are deeply 
embayed as if by corrosion. At the same time, it is significant that 
these alterations are almost wholly confined to the reddened, oxidized 
basalts and scoriae, an occurrence suggestive of solfataric activity. It 
can hardly be doubted that the prevalence of hematite in these reddened 
ejecta results primarily, if not entirely from the action of steam ascend
ing among the rocks after solidification, and the possibility is therefore 
not precluded that the separation of a part of the magnetite has resulted 
from reheating. The serpentinization is probably of paulopost origin. 
Among the other lavas of the Lassen region, this development of mag
netite and bowlingite after olivine and augite is rare, the only occur
rences so far recognized being in one specimen from near the summit of 
the Brokeoff Volcano (fig. 19) and in the lavas of Fairfield Peak. There 
are no available analyses of any of the eastern basalts, but they probably 
agree fairly closely with that of the Harkness basalt quoted on page 280, 
except that they may be poorer in titanium. 

INTRUSIVE BASALTS 

Under this heading are included three small bodies of basalt, the 
largest not more than half a square mile in extent, which lie at the 
head of Benner Creek, east and southeast of Juniper Lake. The evi
dence for their intrusive nature is admittedly meager, for their mar
gins are nowhere to be seen. Nothing is more typical of these rocks 
than their closely-set vertical joints (fig. 9), generally spaced an inch 
or two apart and of irregular trend. Banding is only to be found 
after long search and is usually more or less vertical, but vesicles 
are absent. From the surrounding lavas they are further differentiated 
by their pale gray, blue gray, or almost whitish color, but like them 
they are studded with conspicuous granules of green augite. Pheno
crysts of plagioclase, generally coated with yellowish iron oxides, are 
also recognizable. The rocks break with a hackly fracture, and some 
are dense enough to be mistaken for felsites; within the bodies them
selves they commonly form long, dike-like ridges without any com
mon orientation. These features and their isolated occurrence hint at 
an intrusive origin. 
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Petrographically, the rocks do not differ materially from the east
ern basalts just described and they are doubtless genetically related. 
Their pale color certainly belies their basaltic character. A typical 
sample from the central of the three intrusions (see map, foil. p. 385), is 
approximately made up of medium to basic labradorite laths, 60 per 
cent, augite, 30 per cent, and magnetite, 10 per cent. Most of the 

Fig. 9. Intrusive basalt, near Juniper Lake, showing jointing. 

feldspar crystals are less than 0.2 mm. long, but a few phenocrysts 
measuring a millimeter or more in length are not uncommon. The 
augite also occurs in two generations but is usually much smaller in 
dimension, and the two minerals appear to have crystallized simul
taneously. Magnetite is scattered indiscriminately throughout, though 
most of it separated late. Olivine is present as a rare accessory. In 
other samples, the augite and magnetite occur as minute, almost dust
like granules between the microlithic feldspars, while in a few the 
porphyritic augite exhibits the marginal separation of magnetite 
referred to above. These fine-grained basalts are by far the dominant 
type. In the northern intrusion, however, these are accompanied by 
coarse, subophitic basalts and by others which carry up to 10 per cent 
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of pale brown, interstitial glass. There also, the augite is attended 
by abundant hypersthene and a larger proportion of olivine and acces
sory apatite. All these types merge into each other imperceptibly and 
were it possible to represent their distribution diagrammatically it 
would be found to be without apparent system. If a gratuitous word 
be allowed, it is that these bodies may represent the denuded remnants 
of miniature plug domes. 

BADGER AND TABLE MOUNTAINS 

These rounded, wooded hills lie on the northern boundary of the 
Park and rise some 1000 feet above the surrounding country. Though 
5 miles apart, they are sufficiently alike on petrographic grounds and 
probably of about the same age that they may conveniently be dis
cussed together. Both consist of flat-lying or low-dipping, glassy ande-
sites, generally dark gray or black in color, weathering to a deep 
brown crust, and are markedly vesicular. Judged by hand specimens 
alone, the rocks would certainly be classed as basalts, but analysis 
shows them to be among the most acid andesites of the Park. That 
they are in part pre-glacial is manifest from the fact that erratics 
are strewn over their lower slopes, but the possibility cannot be dis
missed that some of the lavas on the west flank of Table Mountain 
are post-glacial. The andesites of Badger Mountain appear to overlie 
those of the Central Plateau, though no contacts are visible in the 
drift- and cinder-laden Badger Flats that separate them. Doubt also 
exists as to the precise age of Table Mountain, for its lavas are over
lain to the south by the recent avalanche-deposit of the Chaos Jumbles, 
whereas to the west they pass beneath the daeite tuffs of the Chaos 
Crags cones. I t is noteworthy, however, that recent, well preserved 
cones of similar lava occur immediately to the northwest of the moun
tain. No certain traces of summit craters are to be seen either on 
Badger or Table Mountain, though scoriae and cinders occur near the 
summit of the former, hinting at a former vent in the vicinity. 

Microscopical petrography— 

The lavas differ little in microscopic characters. In the field, 
however, they are readily divisible into two types, viz., a dull black, 
vesicular variety, relieved by abundant opaque, white feldspars and 
bright green granules of pyroxene, and a massive or platy, pale gray 
variety poor in vesicles or entirely without them. This distinction 
between black, vesicular lavas and pale gray, massive flows has been 
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observed commonly in other parts of the Park, as among the lavas 
along its eastern margin and on Red Mountain. Almost without 
exception, the vesicular lavas are darker than the massive, even though 
they may manifestly belong to the same flow. Moreover, the difference 
in color is not due to variation in the content of the iron ores, but to 
the degree of crystallinity. Thus, in the paler lavas, the magnetite is 
dispersed throughout in minute, but generally subhedral or euhedral 
grains that separated out both early and late, whereas in the black, 
vesicular lavas it is almost restricted to the glassy matrix where it 
forms dense clouds of formless granules or "dus t , " arborescent 
growths, or merely pigment, often so deeply tinted that the glass 
appears brownish black even in the thinnest sections. 

Considering first the andesites of Badger Mountain, a specimen of 
the dark, vesicular type from its southern base has the following con
tent: laths of basic labradorite (Ab3r,An63), 31 per cent; deep brown 
glass, 57 per cent; orthopyroxenes, 10 per cent; augite, 2 per cent. 
Individual grains of magnetite cannot be distinguished in the glassy 
residuum. Ilypersthene is the dominant pyroxene, and is a variety 
poor in iron and therefore very wealdy pleochroie. Locally, indeed, it 
is replaced by enstatite. Most of these orthopyroxenes are euhedral or 
subhedral, and while some are included within the porphyritic feld
spars, the majority crystallized with the microlithic feldspar of the 
base. Crystals exceeding 1 mm. in length are rare, most being less 
than 0.5 mm., these dimensions being the same as those of the feld
spars. Especially noteworthy are the glass-poor, glomero-porphyritic 
inclusions in these andesites. They consist of subhedral and anhedral 
grains of diopsidic augite intergrown with laths of basic labradorite 
and acid bytownite, and are practically devoid of hypersthene, just 
as the normal andesite is almost devoid of augite. Apparently, frac
tionation and reaction had proceeded far before these "c lots" were 
enclosed within the hypersthene andesite. Neither in the inclusions 
nor in the matrix were olivine and hornblende detected. The texture 
of this lava is illustrated in figure 106. 

The black basalt from the summit of Badger Mountain, the 
analysis of which is quoted below, differs from the preceding in the 
paler brown color and greater acidity of its glass, whose refractive 
index is 1.502 ± .002. The paler tint of this glass is due, as previously 
stated, to an early separation of granular magnetite. Zoned pheno-
crysts of medium to basic labradorite, rich in glassy inclusions, and 
measuring up to 3 mm. in length, are plentiful. Augite is present 



Fig. 10. Andesites of Table and Badger mountains. A and C (2 and 263). Hypersthene Glassy Andesites of Table 
Mountain. A shows laths of basic labradorite with hypersthene in a glassy base studded with magnetite. C shows porphy-
ritic augite, hypersthene, and basic labradorite in a base of brown glass. B, from Badger Mountain. Chiefly black glass, 
with laths of labradorite and hypersthene, but carrying inclusions of diopsidie augite and labradorite, notably poor in 
hypersthene. X 53. 
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only as a few ragged, minute grains, but hypersthene, showing pro
nounced pleochroism, is again abundant, often forming glomero-
granular clusters with the feldspar. In view of the high silica-
content of this lava, it must be supposed that the glassy base, which 
comprises half the volume, is unusually acid. 

Finally, reference should be made to the vesicular andesites that 
form the eastern peak of Badger Mountain, for these are distinctive 
by reason of their paucity of pyroxene. Brown glass makes up 
40 per cent of the volume, the remainder being almost entirely basic 
labradorite and magnetite. A few slender prisms of hypersthene 
crystallized in the glassy base at the same time as the microlithk 
feldspar, while magnetite separated throughout as small, euhedra 
grains. Enclaves of diopsidic augite and labradorite are sparingl 
present, suggesting once more that crystallization was far advance 
prior to eruption. 

Concerning the andesites of Table Mountain, it is only necessary 
point out their principal features. Figs. 10 a and c illustrate 1 
typical textures. In the field, the lavas are chiefly of the blocky tt 
and only slightly vesicular. The darker varieties are made up 
about 40 per cent of brown glass, but the paler lavas contain c 
about 15 per cent. Hypersthene is again the dominant pyrox 
enstatite being absent and augite almost confined to the early enclt 
In the latter, however, the augite commonly exceeds 1 mm. in lei 

Throughout the glassy matrix, hypersthene and microlithic labradorite 
crystallized together, the crystals seldom being more than 0.5 mm. 
long. Occasional ovoid, black blotches in the dark brown glass occur 
because of local concentration of magnetite dust (fig. 10a). Finally, 
in the more vesicular flows at the eastern base of Table Mountain, the 

ANALYSIS 4 

SiO C1.93 Quartz 16.08 
A12C\ 16.37 Orthoclase 11.68 
Fe .0 3 1.15 Albite 28.30 
F e b 3.90 Anorthite 23.63 
MgO 3.26 Diopside 5.23 
CaO 6.24 Hypersthene 10.82 
Na.O 3.37 Magneti te 1.62 
ICO 2.00 Ilmenite 1.22 
H„0- 18 Apati te 0.34 
H20+ 74 Normative plagioclase: 
Ti0 2 60 Abr.,An16 
P.O., 16 Black, vesicular hypersthene 
MnO 08 andesite from, south slope 
BaO 04 of Badger Mountain 

(199). 
100.02 Analyst, Steiger. 
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pyroxene phenocrysts attain a length of 5 mm. and the vesicles are 
infilled with opal. Although the porphyritic feldspars are locally 
well zoned, having cores of bytownite and rims of basic labradorite, 
the feldspar microliths vary little from the latter. It is likely, there
fore, that some of the lavas are basalts rather than andesites, but 
without analyses it is impossible to estimate the nature of the inter
stitial glass, though the presumption is in favor of its being fairly 
basic. Certainly, the field appearance is that which one customarily 
considers as more or less characteristic of basalts. In cases of doubt, 
it might perhaps be wise to refer to these lavas as pyroxene or 
hypersthene andesitic basalts. 

THE BROKEOPP VOLCANO 

To the southwest of Lassen Peak lies a great andesitic volcano 
whose base cannot be less than 12 and is perhaps even 15 miles in 
diameter. The original height of this volcano may have been between 
10,000 and 11,000 feet, but the summit has collapsed through faulting 
and in its place there is an irregular depression or caldera, approx
imately 21/*; miles wide. If this ruined volcano be viewed from the 
west, its gently sloping and almost symmetrical flanks are seen to be 
beautifully preserved, sweeping up to the peaks of Brokeoff Mountain 
and Mount Diller where they end abruptly overlooking the deep 
caldera. So imposing is the great fault scarp at Brokeoff Mountain 
(fig. 11), and so sharply are the strongly bedded lavas cut off by the 
cliff, that even the casual tourist will agree that the peak is well 
named. 

As long ago as 1863, Brewer and King recognized the occurrence 
of the Brokeoff caldera, and subsequently King gave it as his opinion 
that much of the crater wall had been engulfed and that its place was 
occupied by "trachytic and rhyolitic cones," now known as domes of 
dacite. In 1866, Whitney and Richthofen made a closer inspection 
and found the volcano to be composed essentially of "andesitic tufa 
and rapil l i" interbedded with andesitic flows. Diller makes many 
references to the volcano in his papers but without adding much to 
the earlier accounts. 

In this report, it seems best to refer to the volcano as the Brokeoff 
cone, naming it after its highest and most conspicuous remnant. 
Its caldera may be compared in a general way to the much larger 
caldera of Crater Lake, Oregon, which represents the collapsed summit 
of Mount Mazama, but whereas the latter caldera is almost circular, 
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that of the Brokeoff Volcano is quite irregular and must have collapsed 
along a complicated system of fractures the exact positions of which 
cannot be defined. I t is here in this faulted caldera that the most 
extensive areas of solfataric activity within the Park are to be found; 
it is here also that erosion is most active, for the headwaters of Mill 
Creek are eating back rapidly into the decomposed lavas. 

Original form of the volcano— 

Anderson's detailed studies on the source and nature of the Tuscan 
Tuff have led him to suppose that on or near the present site of Broke
off Mountain there may formerly have been an older volcano that was 
largely if not wholly destroyed by violent pyroclastic explosions. 
The enormous spread and volume of the Tuscan Tuff over the ' ' Stony 
Pla in" that lies between the Lassen region and the Sacramento Valley 
suggest that there were many other volcanoes below or to the east of 
the present cones. Most, if not all of these were also decapitated by 
steam eruptions toward the close of the Pliocene. Unfortunately, we 
have no evidence as to the nature of the surface left after these 
events. Nowhere do we see the base of the present Brokeoff Volcano 
even though it is entrenched to a depth of 4000 feet, nor can it be said 
whether the vent of the modern Brokeoff cone corresponds with that 
of an older, Pliocene volcano. 

The dips of the Brokeoff lavas point unmistakably to a vent close 
to the old Sulphur Works, though a parasitic vent appears to have 
developed late in the history of the volcano at a point about two miles 
to the east. During the early stages, the cone seems to have been 
built up by quiet effusions, for pyroclastic rocks are confined to the 
upper parts. I t appears also that throughout its development, the 
flanks of the volcano were more or less symmetrical, but the lava, 
being less fluid than the Hawaiian basalts, tended to construct steeper 
slopes than those of the typical shield volcanoes. Indeed, instead of 
the slopes being convex upward, they are slightly concave, as in such 
cones as Fujiyama. Rarely, however, do the dips exceed 20°, whereas 
at distances of more than 2 miles from the vent, they are generally 
less than 5°. The lower part of the long, southern slope of Brokeoff 
Mountain is thus almost a true dip-slope, but toward the top of the 
peak the angle of slope greatly exceeds the dip of the lavas. Above 
Huckleberry Lake the successive flows end abruptly forming a series 
of gently inclined terraces, with steps from 20 to 50 feet high. 



Fig. 11. Brokeoff Mountain, allowing fault scarp. The hummocky foreground consists of solfatarized lava, chiefly opal 
and kaolin, part of the down faulted caldera of the Brokeoff Volcano. Photo. R. H. Finch. 
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The present summit of Brokeoff Mountain is 9232 feet, and it is 
likely that no more than a few hundred feet of lava have been eroded 
from above it. If such be the case, and assuming the dip of the lavas 
to be about 20°, it follows that the original cone had a maximum 
height of about 11,000 feet. 

Little can be said of the northern slope of the Brokeoff cone, for 
it is almost entirely buried beneath the dacite flows from the pre-
Lassen crater. Where it is seen on Mount Diller, however, the original 
angle of slope was steeper than on the south, for the dips here reach 
an angle of 40°. Eastward, the Brokeoff flows dip gradually beneath 
the pale andesites from the vent now occupied by the dome of White 
Mountain; westward they lie on the Tuscan Tuffs. On this side of 
the cone the headwaters of Bailey Creek are cutting back rapidly into 
the caldera from which they are now only separated by a narrow 
ridge. 

Vents and pyroclastic ejecta— 

It has been noted above that the main crater of the volcano lies 
near the old Sulphur Works, extending thence toward the ridge con
necting Brokeoff Peak with Mount Diller. The rocks in this vicinity 
are so intensely solfatarized, and the soft, clayey talus of kaolin, opal, 
and alunite is so thick that the limits of the vent can only be guessed 
at very roughly. There seems to be a more or less circular area, about 
three-quarters of a mile in diameter, occupied by coarse, unbedded 
agglomerates and breccias which suggests the infilling of the conduit. 
Elsewhere, the pyroclastic ejecta are finer and well stratified, as might 
be expected on the flanks of the cone. Above the Sulphur Works, 
large subangular blocks of fresh andesite lie scattered in a white, 
"chalky" matrix due to the decomposition of the fine interstitial tuff 
by hot springs. As far as can be judged, no dikes cut these vent 
agglomerates. Owing to the profound alterations of the rocks in the 
vicinity, it is of course impossible to recognize even approximately 
the attitude of the vent walls. 

About two miles to the east of the main vent, on the eastern flank 
of Little Hot Springs Valley, there is a ruined cinder cone composed 
of black, scoriaceous lapilli and blocks admixed with fine ash. Only 
the western face of the cone remains, rising to a height of 150 feet 
and with an outer slope of almost 45°. The ejecta are strongly 
banded and toward the center of the cone their dip increases almost 
to verticality. Probably the steep eastern face of the ruin represents 



Fig. 12. Section across the BrokeofE Volcano, showing its original form and relations to the pre-Lassen dacites. 
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the actual wall of the vent, and, if so, the original cone was 500 yards 
in diameter. There can be little doubt that one is dealing here with 
a parasitic cone of comparatively late date lying on the flank of the 
main volcano. No lava appears to have issued from this vent, for 
the underlying flows suggest origin from the main crater to the west. 

Midway between these two vents, Diamond Peak occupies a central 
position within the downfaulted caldera, rising nearly a thousand feet 
above the valleys on either side. Though no proof can be offered, 

Fig. 13. Bedded andesitic tuffs on the ridge between Mount Diller and 
Brokeoff Mountain. 

the peak may well be a horst that has suffered relatively little de
pression; alternatively, it owes its prominence to erosion of the 
solfatarized lavas along the bordering fault zones. Whereas the 
bulk of the peak consists of easterly dipping flows, increasingly free 
from solfataric decay in the higher parts, the southeast side is largely 
made up of bedded tuffs and breccias, well exposed along the new 
Park Highway. These ejecta, like the accompanying lavas, seem to 
have emanated from the main crater. At a few places, they are 
traversed by sinuous dikes of glassy andesite, up to six feet wide, this 
being the only known occurrence of dikes within the whole of the 
Lassen region. Clearly, the tuffs and breccias of Diamond Peak were 
erupted toward the close of activity at the Brokeoff Volcano, and it 
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is likely that the strongly bedded pyroclastic ejecta exposed on the 
ridge between Mount Diller and Brokeoff Peak are approximately, if 
not precisely on the same horizon (fig. 13). 

Lavas.—Briefly, the lavas of the Brokeoff Volcano may be de
scribed as porphyritic pyroxene andesites, and although certain flows 
carry augite as their dominant pyroxene, most contain augite and 
hypersthene in approximately the same amounts or have hypersthene 
as their principal ferromagnesian constituent. Only occasionally are 
olivine and hornblende to be found. Although the textures vary 
within wide limits, from glassy almost to diabasic (see figs. 17 to 
19), the feldspars are remarkably uniform, seldom being more acid 
than basic andesine or more basic than medium labradorite. Forty 
sections were studied microscopically but they afforded no evidence 
of regular variation. Through a vertical range of 4000 feet and over 
an area of 25 square miles, the mineralogical differences are compara
tively slight. Geological literature records the occurrence of many 
equally large andesitic cones that show little evidence of differentia
tion ; Etna is a familiar example. 

Field appearance— 

The dominant lavas are dense, glassy, dark blue, purple, or black 
rocks studded with prominent, white phenocrysts of feldspar and with 
less conspicuous granules of green pyroxene. Accompanying these 
lavas, especially on the southern flank of the volcano, near Huckle
berry Lake, are others of pale gray color, tending to he more platy 
and slabby in habit. In these, the porphyritic feldspar is less abun
dant, hut the bright green crystals of pyroxene flash out brilliantly 
in the dense, pale base. For purposes of description, we may refer 
to these flows as the Huckleberry type. Their thickness is not less 
than 900 feet on the southern flank of the cone, but on the northern 
flank they are unexposed beneath the dark andesites of Mount Diller. 
Southeastward, on Black Butte, they suffer a rapid thinning. While 
augite predominates over hypersthene among the Huckleberry flows, 
the reverse is generally true of the darker lavas. I t must he emphasized 
however, that the difference in color between these rocks is due, as in 
the other andesitic and basaltic cones of this region, not to variation in 
the content of the iron ores. In the pale lavas, the magnetite is more 
or less evenly distributed throughout as well formed crystals, whereas 
in the darker rocks it is chiefly segregated as fine dust in the glassy 
matrix. 
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Most of the individual flows are from 20 to 50 feet thick, but some 
attain a thickness of 100 feet. Banding is always strong if the lavas 
be viewed from a distance (figs. 11, 14, and 16), the successive flows, 
owing to slight differences in weathering, standing out distinctly. 
Close at hand, however, except for a platy structure among the pale 
Huckleberry andesites, or for the parallel elongation of vesicles along 
the flow-planes, banding is obscure, while under the microscope there 
is generally no trace of fluxion. 

Fig. 14. Soda Lake and Pilot Pinnacle, showing andesitc flows 
of the Brokcoff Cone. Photo. B. F . Loomis. 

Vesicular structure is nowhere pronounced and scoriaceous " a a " 
lavas are unknown; nor are "block" lavas present, as on Prospect 
Peak and Mount Harkness. Considering their wide extent, there can 
be no doubt that the andesites were exceedingly fluid, and though no 
fresh surfaces are exposed, it is probable that they had smooth or 
"pahoehoe" crusts. North of Huckleberry Lake obscure remains of 
collapsed lava-tubes may still be seen, testifying to the mobility of 
the andesite during flow. Hereabouts, also, thin and impersistent 
bands of autobrecciated lava occur interbedded with the massive ande
site. Columnar jointing is entirely absent; at best there is a rude and 
irregular jointing perpendicular to the banding. 

Decomposition— 
Under ordinary influences of the atmosphere, the dark andesites 

tend to weather but slightly, yielding chocolate brown crusts, but 
where they have been subjected to the action of hot springs they 
rapidly assume the deep olive green tints characteristic of propylites. 
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As decomposition proceeds, the lavas become paler and are finally 
reduced to a light yellow, brick red, or glistening white clay-like sub
stance, essentially a mixture of ferric hydrates, opal, kaolinite, and 
alunite. Even in the same cliff section, all stages of alteration can be 
examined, as on the eastern face of Pilot Pinnacle or on the northern 
shoulder of Brokeoff Peak. Almost invariably, the lower parts of the 

Fig. 15. Solfatarizcd andesite on the summit of Brokeoff Mountain. 

cliffs are intensely altered, whereas the summits are made up of lavas 
that are perfectly fresh. Irregular zones of alteration may traverse 
the fresher rocks owing to the rise of sulphurous solutions and gases 
along joints. This phenomenon is especially clear in the crags imme
diately below the Lookout Station on the summit of Brokeoff itself, 
where the lavas have been so deeply solfatarized along joints that they 
resemble coarse agglomerates, blocks of fresh, black andesite lying 
haphazard in a pale brown or yellowish matrix (fig. 15). There is a 
possibility that even at this elevation, far above the main centers of 
present solfataric activity, decomposition is still proceeding under the 
influence of warm gases rising along joints, for when the snow lies on 
the crags at the summit of Brokeoff it is sometimes pitted with deep, 
funnel-shaped holes as if due to local melting from below. 
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The limits of the solfatarized area of the Brokeoff Volcano are of 
course indefinable, but on the map (foil. p. 385), an arbitrary line is 
drawn to enclose the region in which decomposition of the lavas is 
far advanced. Nowadays most of the activity is confined to the valley 
floors, the distribution of the hot springs being controlled in part by 
drainage. Formerly, it seems that solfatarie activity was less localized, 

Fig. 16. Looking north from Brokeoff Mountain across the downfaulted caldera 
to Mount Diller (M.D.) and Pilot Pinnacle (P.P.). B.L.C.—Blue Lake Canyon. 
Lo.P.—Loomis Peak. CO.—Chaos Crags. V.C.—Vulcan's Castle. L.P.—Lassen 
Peak. P.P.—Eagle Peak, 1915 Lava is the dark tongue on Lassen Peak. 

perhaps because the floor of the downfaulted caldera was approxi
mately flat. Once the headwaters of Mill Creek had cut their way 
backward into the caldera, erosion tended to be most rapid in the 
areas of maximum solfatarie decay, namely along the zones of fault
ing. As a result, the fault zones soon became identified with the 
valleys, and as these have steadily deepened, attracting drainage from 
the margins of the caldera, the hot springs have been forced to move 
to lower levels; for the chief source of the springs, as Day and Allen 
have clearly shown, is surface water. 

If the distribution of the deeply solfatarized lavas be considered 
in relation to the topography, it will be found that they rarely occur 
above 8500 feet. They reach their highest elevation on the south shoul
der of Brokeoff Peak and along the ridge that runs thence to Mount 
Diller. That ridge is almost entirely made up of opalized and kaolin-
ized lavas, but wherever crags rise above the general level they consist 



Pig. 17. Andesites of the Brokeoff cone. A, South elope of cone, on fire trail at 8050 feet (298). Phenoerysts of 
medium andesine, basaltic hornblende and augite, in a base composed of glass and feldspathic residuum. B, Typical 
augite andesite of the Huckleberry series, near Huckleberry Lake (304). Phenoerysts and microliths of acid labra-
dorite with intersertal granules of augite and magnetite in a feldspathic matrix. C, Glassy andesite at base of 
Brokeoff cliff, elevation 8500 feet (310). Phenoerysts of andesine, brownish green hornblende, augite and hyperstheno 
in a pale yellowish brown glass crowded with belonites, chiefly of plagioclase. All x 30. 
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of fresh, black andesite (fig. 16). Northward from Mount Diller, the 
upper surface of the solfatarized rocks falls gradually to about 8000 
feet, swinging eastward beneath Pilot Pinnacle to Bumpass Hell. 
Along the southern edge of the caldera, the upper level of decomposi
tion falls rapidly to about 6500 feet. Within the caldera, Diamond 
Peak rises as an island of fresh lava among the white and yellow 
deposits of opal and kaolin, originally owing its immunity from 
solfataric attack to the presence of faults on either side and now pro
tected by its own elevation. Outside the caldera, on its northwest side, 
the level of solfataric alteration again sinks rapidly toward Brokeoff 
Meadows and Blue Lake Canyon. Thus at Soda Lake, at an elevation 
of 7800 feet near the head of the latter canyon, decay of the andesites 
is slight by comparison with that observable at the same elevation 
within the caldera. From the foregoing, the inference is that solfataric 
activity is now on the wane and is being restricted to lower levels and 
narrower limits. 

Microscopical petrography— 

The Huckleberry andesites.—A typical section of these lavas is 
depicted in figure 17 h, from which it will be seen that the texture is 
markedly different from that of the glassy andesites forming the bulk 
of the Brokeoff cone. Essentially, the rock consists of a dense felt of 
acid labradorite laths (Ab4-An--), devoid of flow-banding and averag
ing 0.25 mm. by 0.05 mm. in dimensions, with intersertal granules of 
pale green and colorless augite and minute, subhedral crystals of 
titanomagnetite, and occasional prisms of hypersthene in a very sub
ordinate matrix made up partly of glass and partly of irresolvable 
feldspathic material. Scattered through the rock, are a few pheno-
crysts of plagioclase and augite up to 2 mm. long, commonly segre
gated in clusters. Porphyritic hypersthene is absent. The porphyritic 
feldspars are generally well zoned and strongly twinned on the albite, 
Carlsbad, and pericline laws, while a few are crowded with dusty and 
glassy inclusions. Their maximum basicity is that of medium labra
dorite. Much of the augite crystallized before the porphyritic feld
spar, but by far the bulk separated after the microlithic feldspar, 
that is, with the magnetite. Mieronietric analysis shows the augite to 
Arary from about 30 to 50 per cent, hypersthene, from 2 to 5 per cent, 
titanomagnetite, from 3 to 4 per cent, and glass up to 5 per cent, the 
remainder consisting of labradorite. Chemical analysis shows that the 
Huckleberry andesite is almost identical in composition with the glassy 
lavas now to be described. 
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A B 
Fig. 18. Andesites of Mount Diller. A, Hypersthene andesite, mouth of Blue Lake 

Canyon, elevation 6500 feet (282). Hypersthene and labradorite phenoerysts in a pilotaxi-
tie base. B, Pyroxene andesite with olivine, 100 yards north of summit (277). Pale green 
augite and partly serpentinized olivine, with labradorite in a feldspathic base, x 30. 

A B 
Fig. 19. Andesites of Mount Diller. A, 2000 yards west of summit, elevation 2850 feet 

(284). Phenoerysts of arid labradorite with glass inclusions, hypersthene and augite in 8 
dense, hyalopilitie base, made 'blotchy' by segregations of iron ore. B, 1% miles north
west of summit, elevation 7000 feet (281). Laths of andesine and prisms of augite, the 
latter showing separation of iron ores, in a hyalopilitie base, x 30. 
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Anclesites of Mount Diller— 

The dark lavas of Mount Diller are characterized particularly by 
their dense, hyalopilitic groundmass, as may be seen in figures 18 
and 19. They are younger than the Huckleberry andesites and cor
respond with those forming the upper part of the Brokeoff precipice. 
In the dominant type, porphyritie hypersthene and augite are about 
equal in amount, and in none of the lavas are both of these minerals 
absent. Enstatite, however, has not been detected. In the more acid 
andesites, hornblende and biotite are sparingly developed, while in 
the normal lavas relic grains of olivine are occasionally to be found. 
Except in the more acid flows, the feldspar seldom varies beyond the 
limits of acid and medium labradorite. 

As typical of the flows forming the crest of the ridge running west
ward from the summit of Mount Diller, may be selected the andesite 
depicted in figure 19 a. Half of the rock consists of large phenocrysts 
of acid labradorite (Ab40An,4), generally rich in glassy inclusions and 
occasionally zoned from about Ab40An00 to Ab45An.r>; a quarter con
sists of stout prisms of strongly pleochroic and ferriferous hyper
sthene (y, 1.73) with subordinate pale green augite, while the 
remainder is a pale gray glass, sprinkled with microliths of labradorite 
and granules of magnetite. Scattered through this pale glassy matrix 
are rounded "blotches" of darker glass due to local segregation of 
finely divided magnetite. Generally, the pyroxenes and feldspar crys
tallized simultaneously, with augite perhaps separating earlier, while 
magnetite crystallized throughout. 

At the summit of Mount Diller, the andesites are almost identical 
with those just described, except that they are richer in porphyritie 
pyroxenes and contain zoned feldspars that range from basic to acid 
andesine (Ab55 to Ab08). A distinctive feature of these lavas is the 
abundant cracking of the feldspars, perhaps owing to quick chilling of 
the glassy groundmass, and the inclusion of much granular augite. 
They are also noteworthy by reason of the large size of the hypersthene 
and augite phenocrysts, many exceeding 2 mm. in length. 

Somewhat similar andesites occur at the northwest base of Mount 
Diller (6500 feet) at lower horizons. In these, however, porphyritie 
hypersthene is developed almost to the exclusion of augite (fig. 18 a). 

Contrasted with the above is a lava from immediately below the 
summit, also on the northwest side, in which hypersthene is absent, 
the sole pyroxene being augite. The texture of this rock varies from 
hyalopilitic to pilotaxitie. Porphyritie feldspar is wanting. Chief 
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interest attaches, however, to the fact that there are two generations 
of augite, the earlier formed crystals being partly replaced by mag
netite (fig. 19 o), possibly due to reheating or resorption. Generally, 
the magnetite is dispersed irregularly within the augite, but not 
uncommonly it is segregated at the margins or follows the rectangular 
cleavages. This separation of the magnetite has naturally resulted in 
a reduction in the strength of the birefringence, for whereas in the 
fresh, second-generation augite this is about .025, in the altered augite 
it falls to .015. Occasionally rims of the fresh augite encompass 
magnetite paramorphs after the earlier pyroxene. Presumably the 
separation of magnetite is analogous to that much more commonly 
observed in the brown hornblende of many andesites. Cases of the 
latter may be seen in the pale, glassy andesites at the western end of 
Blue Lake, in which augite is rare. 

In one specimen only has biotite been detected, namely in a lava 
exposed on the ridge, a quarter of a mile west of the summit. Even 
here, it is extremely rare and largely replaced by magnetite, hyper-
sthene and augite predominating by far. 

Olivine is equally rare, and is usually replaced, either wholly or in 
part, by green serpentine (fig. 18 b). 

Lastly, mention should be made of certain platy, pale gray flows 
interbedded with the normal, black andesites near Blue Lake. These 
pale lavas are distinctive by reason of their low content of pyroxene, 
an average analysis showing: dense, hyalopilitic base, 65 per cent; 
porphyritic plagioclase, 25 per cent; magnetite, 5 per cent; green 
augite, 3 per cent; and hypersthene, 2 per cent. The feldspar pheno-
crysts are corroded and slightly zoned, but carry fewer inclusions of 
glass than do those of the dark andesites. In addition, they are more 
acid than most of the feldspars in the latter, ranging from basic to 
medium andesine. The pyroxenes are invariably less than 0.5 mm. in 
dimension, and occur as formless granules of late growth. 

For emphasis, it may be repeated that the dominant lavas of 
Mount Diller are dark gray or black andesites composed of from 50 
to 60 per cent hyalopilitic base, studded with porphyritic plagioclase, 
chiefly acid labradorite, and with phenocrysts of ferriferous hyper
sthene and augite in equal amounts. Magnetite is ubiquitous, tending 
to be restricted to the glassy base in the darker flows but dispersed 
throughout in the paler lavas. Zoning and glass inclusions are char
acteristic of the porphyritic feldspars, in which pericline twinning is 
notably rare. Among the augites, twinning on (100) is abundant. 
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No good purpose would be served by discussing in detail the char
acters of the black, glassy andesites that form Pilot Pinnacle and 
Diamond Peak, for they differ in no important respects from the flows 
of Mount Diller, with which they are coeval. 

Andesites of Brokeoff Peak— 

In the main, these also resemble those of Mount Diller. so that 
attention need only be directed to the flows which are distinctive. 
Among these is one that outcrops at the southern end of the ridge 
connecting Diller to Brokeoff. This consists of a pale brown glass 
(R.I., 1.509-.002), making up 60 per cent of the bulk; corroded pheno-
crysts of plagioclase, ranging from medium andesine to basic oligo-
clase (AbTr,An25), augite, hypersthene, and olive green hornblende. 
The ferromagnesian constituents seldom attain even 0.5 mm. in length, 
and appear to have crystallized before most of the feldspar. Trichites, 
principally of plagioclase, are densely packed in the glassy matrix, 
as depicted in figure 17 c, while magnetite is sparingly scattered 
throughout as minute, euhedral crystals. According to the low refrac
tive index of the glass and acidity of the feldspars, it seems that this 
andesite approaches a dacite in composition. 

Somewhat similar glassy, acid andesites are to be collected among 
the latest flows about the summit of Brokeoff, though they are there 
deeply decomposed by solfataric action. Glass again constitutes about 
60 per cent of the bulk; phenocrysts of medium andesine, about 35 
per cent, leaving only a subordinate amount of hypersthene, augite, 
and magnetite. The glass itself is streaked in shades of gray and 
brown according to the segregation and state of oxidization of the 
contained iron. I t is, moreover, thoroughly shattered, as if by auto-
brecciation, and partly replaced by kaolin and opal. Another type of 
andesite, not recognized on Mount Diller, occurs on the south flank 
of Brokeoff, just west of Forest Lake. This is distinctive by reason of 
its trachytoid texture, for fully 80 per cent of the rock is composed of 
tightly packed laths of medium andesine, averaging only 0.025 mm. 
in length, with a few spongy phenocrysts of basic andesine up to 3 mm. 
in length. Granules of hypersthene and magnetite together only 
amount to 2 per cent, the remainder consisting of magnetite and 
colorless, interstitial glass. 

Immediately above this andesite at an elevation of 8050 feet, on 
the fire trail to the summit, occurs a variety typified by abundant 
brown, basaltic hornblende (fig. 17 a). Indeed, locally, the hornblende 
is in excess over the pyroxene. 
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By far the dominant lava of Brokeoff itself is, however a dark 
pj'roxene andesite similar to that from Mount Diller, illustrated in 
figure 19 a. This applies also to the thick succession of flows exposed 
on the walls of Mill Creek Canyon, in which the variations from top 
to bottom appear to be quite irregular, and to the andesites of Black 
Butte. 

Basic inclusions in the andesites— 

In a few of the coarse-grained andesites that lie a mile to the west 
of Brokeoff summit, south of Heart Lake, and in others exposed near 
the summit of Black Butte, there may be found occasional basic, sub-
angular inclusions up to six inches in length. I t is a matter deserving 
of emphasis that despite the great volume of the Brokeoff Volcano, its 
lavas are otherwise practically devoid of basic inclusions, and this 
feature becomes still more striking when the paucity is compared with 
the extraordinary abundance of such inclusions among the later dacites. 

The andesites carrying inclusions consist roughly of basic andesine, 
45 per cent; pyroxene, 10 per cent, and the remainder a dense, hyalo-
pilitic groundmass, though in some specimens the texture is subophitic. 
Compared with the lavas, the inclusions have the following content: 
basaltic hornblende, 30 per cent; basic labradorite (AbnoAn70), 30 per 
cent; pale brown or colorless glass, 37 per cent; magnetite, 3 per cent. 
Both mineralogically and texturally, they resemble the basic inclusions 
found among the later dacites. The hornblende occurs as slender, 
euhedral prisms that cut haphazard across all other constituents. It 
has a pleochroism from yellowish green or lemon yellow (X) to deep 
russet or red brown (Y and Z), and the extinction, Z A c is from 0° 
to 3°. Without exception, the crystals are edged with magnetite or 
entirely replaced by that mineral. By reflected light, both the sec
ondary magnetite and the hornblende appear rusty, whereas the pri
mary magnetite scattered throughout appears fresh and has a steely 
blue color. The laths of plagioclase are spongily infilled with glass, 
and many of the smaller crystals are untwinned, a feature rarely 
seen in the feldspars of the enclosing andesite. From its refractive 
index, about 1.52, it seems that the interstitial glass is fairly acid. 

Ilillebrand has analyzed a "secretion" found in a hypersthene 
andesite, " 2 miles south of Suppans Mountain." The name Suppans 
Mountain has long since fallen into disuse, and whether or not it 
referred to the present Diamond Peak is unfortunately not certain. 
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Probably it did, and if so the specimen was obtained somewhere in 
the canyon of Mill Creek. In any ease, the "secretion" or inclusion 
is not hornblendic, as are those described above, but is "composed 
chiefly of plagioclase and hypersthene, with some quartz and amor
phous matter." Chemically, it resembles all the basic inclusions of 
the Lassen region in so far as it is richer in alumina, ferric oxide, and 
lime and poorer in alkalis than the surrounding lava. 

ANDESITES OF THE BKOKEOFF CONE 

S 6 7 8 9 10 
Per cent Per cent Per cent Per cent Per cent Per cent 

Si02 59.50 59.84 58.08 63.47 57.04 57.11 
AI203 17.16 16.81 18.37 16.75 19.11 17.78 
Fe,0 3 2.27 1.88 2.92 2.15 4.37 3.54 
FeO 3.94 3.60 3.38 2.75 2.48 2.74 
MgO 3.66 3.85 3.35 3.04 3.94 3.41 
CaO 7.07 6.30 7.05 5.72 7.34 7.21 
Na-O 3.63 3.63 3.66 3.94 3.48 3.81 
K 3 0 1.50 2.13 1.33 1.62 1.16 1.86 
H 2 0 - 27 
H20+ 41 1.04 1.09 .55 1.09 .98 
Ti0 2 89 .57 .44 .37 .47 .95 
P20„ 17 .19 .16 .13 .08 .26 
MnO 08 .14 .13 .09 .12 .33 
BaO 02 .07 .03 .04 tr. .03 
SrO n.d. .02 .02 .04 .02 tr. 
LiaO n.d. tr. tr. tr . tr. n.d. 

100.57 100.07 100.01 100.66 100.70 100.01 

5 6 7 8 9 10 
Per cent Per cent Per cent Per cent Per cent Per cent 

Quartz 14.46 11.76 11.40 17.88 11.10 9.48 
Orthoclase 8.90 12.23 7.78 9.45 7.23 11.12 
Albite 30.39 30.39 30.92 33.01 29.34 31.96 
Anorthite 25.43 23.35 29.75 23.35 32.80 25.85 
Diopside 6.48 5.59 3.62 3.34 2.81 6.15 
Hypersthene 10.07 11.26 10.07 8.78 9.13 6.79 
Magnetite 3.25 2.78 4.18 3.25 6.26 5.10 
Ilmenite 1.67 1.06 .91 .76 .91 1.82 
Apatite 34 .34 .34 .34 .34 .67 

Normative palgioclase: 5.—AbMAn)0. 6.—Ab31An„. 7.—AbMAn„. 
8.—Ab51An„. 9.—Ab,7An33. 10.—AbMAn„. 

5 : Pale gray pyroxene andesite, north side of Huckleberry Lake, south 
flank of Brokeoff Mountain. (303). Analyst, Steiger. 

6: Hypersthene andesite, one mile southwest of Thumb (Pilot Pinnacle), 
head of Bailey Creek, northwest flank of Brokeoff. Analyst, Hille
brand, quoted in U.S. Geol. Surv. Bull. 148, p. 197, 1897. Also 
in Washington's Tables, p. 381. 

7: Hypersthene andesite, west base of Suppans Mountain. Analyst, 
Hillebrand, ibid. 

8: Hypersthene andesite, two miles south of Suppans Mountain. Ana
lyst, Hillebrand, op. cit., p . 196, 1897. 

9: Secretion in D. " Composed chiefly of plagioclase and hypersthene, 
with some quartz and amorphous m a t t e r . " Analyst, Hillebrand, 
ibid. 

10: Hypersthene andesite, " o l d crater at head of Mill Creek." Analyst, 
Chatard, quoted op. cit., p. 196, 1897. Also Washington's Tables, 
p . 491. 
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Chemical composition of the Brokeoff lavas.—Four analyses of 
andesites from the Brokeoff cone already existed, and to these must 
now be added an analysis of the Huckleberry lava, kindly made for 
this report by Geo. Steiger. These analyses show surprisingly little 
variation considering the fact that the specimens were collected from 
widely separated points and horizons within the volcano. All, except 
specimen F, which is andose, belong to the tonalose group of the 
normative classification. Compared with the other andesites of the 
Park, the Brokeoff lavas are generally a little more basic, averaging 
59.6 per cent as against 61.2 per cent Si02. Their higher FeO :MgO 
ratio, from 1.39 to 1.80 as against from 0.94 to 1.51 is reflected in their 
higher content of hypersthene. The ratio of CaO :alkalis varies only 
from 1.03 to 1.27, a variation that is very much less than that in any 
other group of lavas in this region. Support is thus lent to the view 
that differentiation was slight at this vent, a view already expressed 
on mineralogical grounds, and the possibility is therefore suggested 
that the Brokeoff magma may represent the normal magma of this 
province from which the later basalts and dacites were derived. 

Solfataric alterations— 

An area of approximately five square miles, embracing the down-
faulted caldera and its immediate environs, is characterized by intense 
solfataric alterations of the lavas. Here, in strong contrast to the dark 
pinnacles and crags of fresh andesite. are bare, rounded hills of glar
ing white, yellow, brown, and pale red decomposed lavas, among which 
lie clusters of fumaroles, hot springs, and mud pots. True geysers are 
wanting. Present activity is restricted to small areas, chiefly at 
Bumpass Hell, at the contact between the Brokeoff lavas and the 
dacite dome of Bumpass Mountain, and at Supan's Springs, these 
centers occurring on the floors of local drainage basins. 

The vertical and lateral limits of former solfataric activity are, 
of course, ill-defined. There is, in general, a close correspondence 
within any small part of the solfataric area between the intensity of 
rock decomposition and the elevation, solfatarism always having been 
most marked at the bottoms of local depressions. Thus the distribution 
of hot springs has helped to determine the present trend of the valleys 
by localizing the zones of rock decay, although in the first case it is 
likely that the valleys themselves, perhaps determined by lines of 
faulting, localized the hot springs by attracting surface drainage 
toward them. While an intimate relation exists between drainage and 
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the distribution of the hot springs, the latter tending persistently to 
move to lower levels, the downward migration of activity is limited 
by the distribution of the sources of magmatic steam. 

Owing to the great depth to which decomposition has proceeded 
along the valley floors, and owing to the readiness with which the clays 
and opaline muds slide down the hillsides to form long banks of talus, 
it is quite impossible to say anything as to the nature of the faulting 
in the caldera. Moreover the differences between the successive flows 
of the Brokeoff Cone are so slight, that it is impossible to be sure of 
correlations between adjacent peaks, and therefore we have no measure 
of the vertical displacements along the faults. 

Struck by the fact that Bumpass Hell, the Devil's Kitchen, Drake's 
Springs, Boiling Lake, and the Terminal Geyser lie on a more or less 
east-west line, and noting also that Mill Creek Springs, Supan's 
Springs, and Morgan's Springs lie approximately along a north-south 
line, Diller was led to believe that these two hot-spring groups were 
located by two major, intersecting faults. Finch and the writer, on 
the contrary, doubt the existence of throughgoing faults of such 
trends, considering rather that the major faults of the Lassen region 
are aligned in a general northwest-southeast direction, and that the 
faulting which probably determined the centers of hot-spring activity 
is extremely complex. Certainly there is no surface indication of an 
east-west fault connecting the Devil's Kitchen with the Cold Boiling 
Lake and Bumpass Hell, nor is there adequate evidence of a fault 
between the Brokeoff caldera and Morgan's Springs, though in the 
latter case there may exist a tensional fissure without vertical dis
placement. Within the caldera itself, it seems that the faults trend in 
many directions, and that the whole region represents a mosaic of 
downfaulted blocks. 

Nature of the hot springs— 

The careful and elaborate studies made by Day and Allen of the 
hot springs of the Lassen region have shown that they are fed prin
cipally by surface waters and that they derive their heat chiefly from 
magmatic steam and to a minor extent only from the chemical reac
tions accompanying rock decomposition. These writers have demon
strated that the acid springs are intimately connected with fumaroles 
which give off H„S, SO„, HC1, and HF, and that the alkaline springs 
develop from the acid by the hydrolysis of the alkali silicates in the 
lavas during rock decomposition. Whether a spring be acid or alkaline 
depends on " the physical and chemical nature of the rock, the tern-



Fig. 20. Bumpass Hell, looking west. Photo. B. H. Finch. 
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perature, and the time of contact between rock and acid. If the rock 
is rich in volcanic glass, like that in Lassen Park, or in feldspathic 
minerals, the acid will be neutralized much faster than by a rock 
composed chiefly of pyroxenes and amphiboles. Where the rock is 
cracked and seamed its active surface is obviously increased, and the 
speed of reaction thus promoted, while the influence of variations in 
temperature is obvious. The time of contact between rock and acid 
depends not only upon the length of the path which the spring water 
traverses in its journey beneath the ground, but also upon its rate of 
percolation, which in turn varies with the topography and rock struc
ture ." Of all the springs within the Park, Day and Allen found that 
there were only four that were alkaline, three of these being in the 
Devil's Kitchen. Since these four springs are unusually poor in S04 , 
they inferred that their alkalinity is due to a local limitation of the 
acid supply, the volume of surface water being large compared with 
the amount of material derived from volcanic gases. In course of time, 
as the acid gases from the underlying magma diminish in volume, 
the springs will gradually become more and more alkaline and ulti
mately the acid springs will disappear. I t should be stressed that 
"none of the waters of these hot springs is very far from neutrality. 
Of those analyzed 6 were practically neutral, 4 were alkaline, and 8 
were acid." 

Day and Allen have also shown that the hot spring waters are 
without exception rich in sulphates and almost entirely free from 
chlorides, and it is noteworthy that four-fifths of the waters examined 
by them are virtually free from alumina, a constituent that is cor
respondingly rich among the sediments surrounding the springs. I t 
has also been indicated that the Na:K and the Ca:Mg ratios of the 
spring waters correspond more closely to those of the andesites than 
to those of the dacites, though the differences are not sufficiently large 
to make it certain whether the andesite or the daeite contributes the 
greater amount of bases to the waters. Since, however, the ratios are 
so closely like those of the lavas, it has been concluded that the rising 
solutions are continually coming into contact with fresh rocks. Both 
the andesites and dacites are rich in glass and both are especially 
prone to rapid decomposition. At Bumpass Hell, the springs occur 
near their contact, but elsewhere in the Brokeofif caldera only andesites 
are seen in the vicinity of the springs. It must be borne in mind, 
however, that since all the recent lavas in this part of the Park are 
daeitic, it is not unlikely that a differentiated body of daeite underlies 
much of the region. 
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Nature of rock decomposition— 

Sulphuric acid is undoubtedly the cause of most of the lava 
decomposition and the end products of decay are usually opal and 
sulphates. The commonest products are opal, kaolin, and alunite. 

Two types of lava decomposition appear to be in progress, the one producing 
kaolin and some silica without aluminum sulphate, the other producing silica with 
aluminum sulpliate. In the fact that kaolin is decomposed by strong sulphuric 
acid into silica and aluminum sulphate, the key to the difference is doubtless to 
be found. If the acid forms in a place where sufficient water is percolating, its 
concentration is kept down to such a value that the decomposition of feldspars, 
volcanic glass, and possibly other minerals is incomplete. The intermediate and 
comparatively stable compound kaolin results On the other hand, if sul
phuric acid forms in nearly dry ground it will accumulate by progressive oxida
tion of the sulphur gases and the concentration may reach comparatively high 
values—probably in the form of sirupy films. I t is under such conditions that this 
more complete type of rock decomposition occurs. 

Other decomposition products include sericite and pyrite. At this 
time it is unnecessary to discuss the alterations in detail, for the reader 
may refer to Day and Allen's results and to a forthcoming; paper by 
C. A. Anderson; it will be adequate to describe some typical instances. 
A specimen from near the western end of Bumpass Hell exhibits the 
earliest stages of alteration. Here occurs a coarsely porphyritic ande-
site in which the phenocrysts of andesine are still quite fresh, as are 
the granules of magnetite and the glassy groundmass, but in which the 
f erro-magnesian constituents, chiefly hypersthene, are entirely replaced 
by chlorite and calcite, locally attended by titanite. A second speci
men, from the road-cut south of Pilot Pinnacle, also exhibits incipient 
decomposition. The feldspars are again fresh, but the magnetite is 
partly changed to limonite, while the hypersthene and augite are 
replaced by (?) sericite and talc. In other andesites, especially from 
Diamond Peak, the hypersthene is pseudomorphed either by a mixture 
of (?) sericite and chlorite or by antigorite and calcite. Apparently, 
therefore, decomposition commences with the porphyritic pyroxene. 
The glassy matrix of the andesites also suffers ready alteration, but 
the porphyritic feldspars are generally the last constituents to alter. 

The "chalky" white and chert-like rocks that form the bulk of 
the solfataric area show little variation and are essentially aggregates 
of opal and kaolin. I t is reasonably certain that a great variety of 
clay minerals is present and it is possible, as Day and Allen have 
suggested, that the separate varieties are determined by differences 
of temperature of the acid solutions. In most of the altered lavas, even 
though none of their original minerals remain, the texture is often 
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perfectly preserved, and, were it not for the absence of colored con
stituents, it might almost be thought, from a first glance at the rocks 
under ordinary light, that they were still fresh. Some specimens con
tain only opal, but in most there is a crypto- to macrocrystalline 
mosaic of opal and kaolin, the mosaic generally becoming coarser 
where it replaces the porphyritic feldspars. Precisely similar altera
tions are to be seen among the dacites forming the northern side of 
Bumpass Hell, in which all the constituents except the porphyritic 
quartz are thoroughly decomposed. 

Fig. 21. Opalized andesitc from Cold Boiling Lake, (287). Base of brown opal 
with pale pseudomorphs after feldspar. Roundish areas of pale gray opal edged with 
golden yellow opal. K, feldspar replaced by kaolinite. x 30. 

I t is of interest to note that in none of the slides examined was 
pyrite found, although it occurs in almost all the mud pots of the 
region, as Day and Allen have clearly shown. With few exceptions, 
the original magnetite remains fresh, even though the remainder of 
the lava is completely replaced. 

Many of the opalized andesites assume a coarsely vesicular char
acter. Thus, the low hills bordering the south bank of the Cold Boiling 
Lake, are largely made up of a light colored, vesicular opal, which 
looks at first sight like a rhyolitic pumice, irregularly admixed with 
strings of pale blue opal that breaks with a hackly fracture. A section 
of this rock is illustrated in figure 21. More than half consists of 
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golden yellow opal, apparently deposited concentrically in and around 
vesicles. Traces of the original microlithic texture may still be seen, 
owing to the fact that the feldspar laths are replaced by a paler opal 
than is the aphanitic base. In addition, the porphyritic feldspars are 
in many cases pseudomorphed by colorless opal and by rhombic and 
hexagonal plates of kaolinite, up to 0.002 mm. in diameter. Minute 
arrowhead twins and needles of rutile and granules of magnetite are 
sparsely scattered throughout, and chalcedony appears to be developed 
on a small scale. The pumiceous appearance of these opaline deposits 
is not an original character of the lavas but must have originated 
during the process of replacement. 

In view of the fact that much of the altered andesite within the 
Brokeoff caldera, in areas now far removed from hot spring activity, 
consists almost entirely of opal, with little or no kaolin, it may be 
supposed that solfatarism was formerly more intense so that decom
position proceeded to its end. 

PROSPECT PEAK VOLCANO 

Within the limits of the Park, there are four large shield volcanoes, 
each capped by a cinder cone lying within a central summit crater. 
These four volcanoes—Prospect and Raker peaks, Red Mountain, and 
Mount Harkness—are more or less circular in plan and measure from 
two and a half to four miles in diameter. Though steeper than the 
great shield of Mauna Loa, they may be classed on many grounds as 
volcanoes of Hawaiian type, built up exogenously from central vents 
by the gentle outpouring of fluid lavas. The topographic individuality 
of these four Lassen volcanoes is expressed on the map (fig. 2). Red 
Mountain and Raker Peak have been considerably modified by glacial 
action, while the glaciers that descended Benner Creek and Warner 
Valley have also done much to destroy the original features of the 
Harkness Volcano on its south and east flanks. Prospect Peak, how
ever, exhibits to perfection the symmetry of the original cone (fig. 22). 
If minor irregularities be ignored, its slopes are singularly uniform 
and average about 10°, being almost twice as steep as those of the 
basaltic cones that lie on the plateau to the northeast. 

All four of the Lassen Park shield volcanoes appear to be entirely 
composed of lavas, if exception be made of their summit cinder cones. 
Nowhere have pyroclastic deposits been found interbedded with the 
lavas. I t should be remembered, however, that the earlier flows are 
almost wholly concealed by those of the last eruptions, by glacial drift, 



Fig. 22. Grassy (Horseshoe Lake, Cinder Cone, and Prospect peaks. Photo. R. II. Finch. 
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and by ash explosions from neighboring vents. While the inner struc
ture of the volcanoes is thus unknown, it may be presumed, by analogy 
with deeply dissected shield volcanoes in the Pacific, such as Tahiti, 
Moorea, Haleakala, and Kauai, that the volume of tuffs and breccias 
is insignificant by comparison with that of the lavas, and that the 
cores of the Lassen shields are traversed by countless small and irregu
lar dikes, even though none reach the surface. On Prospect Peak, the 
evidence suggests that the successive lava flows were of no great thick
ness, perhaps averaging 25 feet. As far as can be judged, the lavas 
were entirely of the "block" type, never ropy or arborescent, a feature 
also characteristic of the other Lassen shields. 

Fig. 23. Section through Prospect peaks and Butte Lake. 

What was the form of the summit depression of Prospect Peak 
before the final cinder eruptions? Was it a funnel-shaped crater or a 
steep-sided caldera due to explosion, or a more or less cylindrical 
sink, like those of Kilauea, Hawaii, and Namlagira, Central Africa? 
Already, it has been noted that explosive activity seems to have played 
at most an insignificant role in the construction of the shield, so that 
the idea of an explosion crater with flaring sides may well be dis
missed. Moreover, the rim of the summit depression is finely exposed 
on its west and north sides, and consists there of blocky lava, arranged 
like rude masonry, with vertical, inner face. Immediately outside this 
rim, the blocky lava is commonly disposed in concentric ridges, as 
if it had spilled sluggishly from the vent in succeasive waves. Further 
down the slopes, the blocky flows terminate abruptly, producing crude 
terraces. The individual flows appear to be of wide lateral extent, 
suggesting that the lava poured over the crater rim at many points 
simultaneously, just as might be expected if the rim were of almost 
uniform height and the lava lake within rose at intervals to its top, 
a condition formerly common at Kilauea. Further analogies with 
the Hawaiian volcanoes may be seen at the western base of Prospect 
Peak, where the lava appears to have risen through small, radial 
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fissures, seldom more than a yard wide at the surface, bordered by 
ridges of blocky lava up to ten feet high. Other radial ridges, but 
apparently without central fissures, are plentiful on the lower northern 
flanks of the shield, and the suggestion is offered that these also are 
due to fissure eruptions comparable with those which occur repeatedly 
on the lower flanks of Mauna Loa. In addition to these ridges, many 
conical and dome-shaped block mounds, some as much as 60 feet high 
and 100 yards in diameter, suggest the piling up of viscous lava about 

Fig. 24. Junction between recent lava flows from East and 
West Prospect peaks. 

small orifices such as might form by the local widening of a narrow 
fissure. In a sense, these block mounds may be considered analogous 
to the driblet cones of more fluid lava seen at Hawaiian vents. While 
the growth of the Prospect Volcano seems thus to have been due pri
marily to quiet effusion from a summit sink slightly more than half 
a mile in diameter, its later history was characterized by eruptions 
from fissures near the base. Some of these later lavas, such as that 
represented in figure 24, are seen to have pushed upward on to the 
lavas of West Prospect Peak, the chocolate brown crusted blocks of 
the Prospect flows standing in sharp contrast with the yellow crusted 
blocks of the older lavas. 

The summit cinder cone of Prospect Peak is approximately oval 
in plan, almost a mile long and 1000 yards in diameter. On its south-
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east side, it is 600 feet high, but on the opposite side it does not rise 
more than 300 feet above the wall of the sink. Indeed, it is only on 
this lower side of the cone that the cinders do not conceal the wall of 
the sink, for elsewhere the ejecta accumulated in such amount as to 
pour over the wall and to continue for several hundred feet down the 
flanks of the shield. On the northern side of the cinder cone, occurs 
a short flow of vesicular basalt, apparently the last product of activity. 

Age of Prospect Peak.—Save on the west and northwest sides the 
lower slopes of the shield are heavily mantled by cinders of quartz 
basalt recently erupted from Cinder Cone. They are also masked in 
part by glacial debris, so that few exposures are to be seen below 
an elevation of 7000 feet. Higher up the slopes, no certain signs of 
glacial action were detected, and it is likely that the topmost lavas are 
definitely of postglacial age. A shield measuring four miles across the 
base and 1600 feet high must have taken a prolonged period to 
accumulate, and it is probable that the volcano began activity either 
during or before the glacial period. The depression on the south side 
of the shield, now followed by the Old Emigrant Trail, though largely 
infilled by cinders of quartz basalt, appears to be due essentially to 
glacial erosion. Still farther south, near Soap Lake, are heavily 
glaciated ridges of pyroxene andesite and basalt that are indistin
guishable petrographically from the lavas of Prospect Peak. The 
attitude of the flow-planes among these glaciated lavas hints at a vent 
in the vicinity of the peak and suggests that they may actually be the 
early effusions of the same volcano (see map, foil. p. 385). 

Microscopical petrography— 

For a volcano of such large proportions, the lavas are strikingly 
uniform in character, all of them being pyroxene andesites and basalts, 
differing chiefly in their degree of crystallinity, and in the total con
tent and relative amounts of their pyroxenes. In general, augite tends 
to predominate over ortho-pyroxene among the older lavas at the base 
of the shield, but throughout the upper portions hypersthene is the 
chief pyroxene. 

The lavas near the west base of the volcano, above Butte Lake 
(6100 feet) are dense, hyalopilitic basalts with the following mode: 
basic labradorite (Ab:i-An05), 51 per cent; green augite, 15 per cent; 
hypersthene, 9 per cent; brown glass, 23 per cent; and magnetite, 2 
per cent. Phenocrysts of plagioclase are generally absent, while the 
microliths average only 0.25 mm. and rarely exceed 0.5 mm. in length 
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They are quite unzoned, water clear, and multiply twinned on the 
albite plan. The augite, also, is of small proportions, seldom exceeding 
0.3 mm. in diameter, occurring as round or ragged grains that crystal
lized simultaneously with the feldspars. I t is pale green, but without 
perceptible pleochroism; Z A c, 40°; y, 1.70; 2V, circa 60° ; birefring
ence, .028, and dispersion strong, p < v. The hypersthene is only 
faintly pleochroic, appearing to be poor in iron and perhaps accom
panied by a little enstatite. Here, as in all the lavas of Prospect Peak, 
the ortho-pyroxenes exhibit a much stronger tendency to form euhe-
dral crystals than does augite. Magnetite is dispersed throughout, 
either as minute cubes and octahedra, as anhedral and arborescent 
grains, or as acicular crystallites in the glassy base. Although it 
appears to have separated from first to last, most of it is concentrated 
in the glassy residue. This deep brown glass is notably basic and may 
well have a composition not very different from that of a mixture of 
magnetite and augite in equal amounts. 

Considering the absence of phenocr3'sts and of anything approach
ing an ophitic texture, and considering also the high content of glass 
in these early lavas, it may be conceded that they were almost if not 
quite devoid of crystals when they were first erupted and that they 
cooled rapidly. 

Not all the early lavas of Prospect Peak are aphanitic and devoid 
of phenocrysts. Among the glaciated lavas near Soap Lake, referred 
to above, zoned crystals of plagioclase up to 2 mm. in length are 
abundant, their cores being in most cases of acid bytownite (Ab2„An7l) 
and their rims of basic labradorite (Abir,An05). Porphyritic hyper
sthene is also plentiful, sometimes forming glomero-granular clusters 
with the feldspars or enclosed within them. Augite, though rarely 
porphyritic, is densely crowded in the glassy base, and is again the 
dominant pyroxene. 

Referring now to the lavas found at higher levels in the volcano, 
it is generally true that the percentage and size of the pyroxene 
crystals increase and that the content of hypersthene grows at the 
expense of augite. Glass usually forms from 30 to 40 per cent of the 
total volume. The plagioclase shows no systematic change in composi
tion, seeming to vary irregularly between basic labradorite and acid 
bytownite (Ab3r> to Ab,3). Typical of the basalts midway up the flank 
of the volcano (7100 feet) is a specimen with the following composi
tion : plagioclase, 40 per cent; brown glass, 30 per cent; hypersthene, 
20 per cent; augite, 8 per cent; magnetite, 2 per cent. Zoning and 
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glass inclusions are characteristic of the porphyritic feldspars. Of 
especial interest is the fact that augite is occasionally enclosed by rims 
of hypersthene, this being a reversal of the usual order of formation. 
Figure 60a may be taken to illustrate the general texture of these 
basalts. 

Passing upward to the summit of the shield, one notices a tend
ency toward increasing vesicularity among the lavas. Finch has 
observed a similar tendency among the lavas of Mauna Loa and sug
gests that it may be due to a concentration of gas-charged magma in 
the upper parts of the volcanic conduit. Among the lavas forming the 
wall of the summit sink, the content of pyroxenes is considerably lower 
than in any of the preceding flows. The average mode of these lavas 
is: laths of labradorite and bytownite (Ab35 to Ab30), 55 per cent; 
hypersthene, 8 per cent; augite, 4 per cent; magnetite, 3 per cent; 
brown glass, 30 per cent. Whereas phenocrysts of feldspar and hyper
sthene up to a millimeter in length are plentiful, augite rarely exceeds 
0.25 mm. and is always anhedral. I t appears to be a highly ferrifer
ous variety with y, 1.72; Z A c, 43°, and strong dispersion, p < v. 
Much of the augite occurs as rims enclosing the prisms of hypersthene, 
though never wrapping round the ends. Finally, it should be noted 
that whereas hypersthene is present as inclusions within the porphyritic 
feldspars, magnetite is restricted either to the glassy matrix or to the 
feldspar and pyroxene microliths of late growth. Many of these top
most lavas are extremely vesicular, and in some the vesicles, flattened 
parallel to the flow planes, are infilled with white opal having a 
refractive index of 1.45 ± .001, suggestive of a high water content. 

I t remains now to consider the basaltic scoriae forming the summit 
cinder cone. Two specimens reveal the following percentages: basic 
labradorite and acid bytownite, 55 and 40 per cent; hypersthene, 12 
and 16 per cent; augite, 3 and 4 per cent; magnetite-charged glass, 
30 and 40 per cent. In general, these ejecta are more porphyritic than 
the underlying lavas and the pyroxenes are notably richer in iron. 
The phenocrysts of plagioclase have cores of medium to acid bytown
ite and rims of labradorite, while the microliths show a range from 
Ab14 to Ab30. Almost all the pyroxene crystallized with the second 
generation of microlithic feldspars, the magnetite separating last in 
the glassy residuum as irresolvable dust. 

Summary.—The basalts of Prospect Peak are almost uniform 
in mineralogical content and exhibit no regular variation. Speaking 
generally, however, augite is predominant among the earlier lavas 
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and hypersthene among the later. There is also a tendency for all 
the pyroxenes to become more ferriferous among the youngest ejeeta. 
The feldspars vary little from basic labradorite, and in most eases they 
crystallized simultaneously with the pyroxenes, the magnetite being 
almost restricted to the glassy matrix, for which reason the rocks are 
typically black in hand specimens. Residual olivine is extremely rare 
and amphiboles are absent. Unlike the adjacent, younger quartz 
basalts of Cinder Cone, the lavas of Prospect Peak nowhere contain 
acid inclusions such as might hint at an underlying, differentiated 
body of dacite. Evidences of solfataric activity are confined to 
deposits of opal among the topmost, vesicular lavas. 

MOUNT HARKNESS VOLCANO 

Viewed from the north, across Juniper Lake, the volcano of Mount 
Harkness is almost perfectly symmetrical and bears a strong resem
blance to the much larger shield volcano of Prospect Peak. It consists 
of two truncated cones, one within the other; a lower cone of gray 
and black lavas, approximately two miles in diameter, rising about 
800 feet above the lake, and a red, summit cinder cone, originally 
more than half a mile wide, rising 500 feet from the old crater floor. 
From other points, however, the Harkness volcano is quite devoid of 
symmetry, particularly as seen from the south. This irregularity 
appears to be due to the fact that the volcano was built on an 
extremely uneven floor which was almost horizontal to the north but 
elsewhere was deeply incised. Whereas the Harkness lavas do not 
seem to have flowed more than a mile from the vent in a northerly 
direction, they may be traced for more than two miles toward the 
south, through a vertical distance of some 3000 feet. Indeed, it is 
clear that a deep depression already existed on the present site of 
Warner Valley prior to the beginning of activity at Mount Harkness, 
and that the lavas of that volcano cascaded into it from the overlook
ing plateau. The lack of symmetry of Mount Harkness is also to be 
attributed in part to ice action, for the powerful glaciers that 
descended Benner Creek and Warner Valley seriously modified its 
eastern and southern flanks. Above 6800 feet, the top of the volcano 
was mantled by its own ice or neve, which diverged radially from the 
summit. This local ice can have had but little erosive power, for the 
summit cinder cone is almost perfectly preserved except for the effects 
of recent landslides, and the striae on the lava slopes below show that 
the ice was deflected by minor hillocks. For much of its circumference, 
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the crater rim has been obscured by sliding of cinders from the cone 
within; on the southern side of the volcano, for instance, the cinders 
have poured over the rim and continued 500 feet down the lava 
slopes below. 

The average slope of the Harkness cone is almost 15°, much 
steeper than that of Prospect Peal?. This steepness results not from 
the actual dip of the lavas, which seldom exceeds 5°, but is chiefly 
due to the fact that successive flows proceeded shorter distances from 

Pig. 25. North flank of Mount Harkness from Juniper Lake. 
Shows broad lava shield and summit cinder cone. 

the vent. Moreover, the comparative flatness of the Prospect cone 
must be attributed in part to the outpouring of lavas from fissures 
at or near its base. 

The maximum thickness of the Harkness lavas is probably less 
than 1000 feet, and if the pre-eruption surface was approximately 
like that depicted in figure 26, then the total volume of lava extruded 
was less than a quarter of a cubic mile. Compared with the other 
three shield volcanoes of Raker and Prospect peaks and Red Moun
tain, the edifice is comparatively small. 

The lava shield— 
The upper slopes of Mount Harkness, below the crater, are heavily 

mantled by great piles of loose blocks, a true Blockmeer, whereas the 
lower slopes consist of massive lavas that probably flowed with smooth 
crusts. The rock piles are unquestionably original features, due to 
the break-up of the lava during movement, and are analogous to the 
blocky flows of Cinder Cone and Prospect Peak. Many of the blocks, 
especially at lower levels are rounded or subangular, perhaps owing 
to ice action, but generally they are angular. While the majority of 
the lavas are thus of the "block" type, the latest flow is a highly 
vesiculated type, intermediate between the "block" and the " a a . " 
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This flow is the only one which can possibly be post-glacial. Its point of 
origin is concealed by the long talus of red cinders that descends the 
southern flank of the volcano, and its precise limits are partly obscured 
by a heavy growth of manzanita. 

Unfortunately, no actual contact is visible between the Harkness 
lavas and the earlier andesites forming Saddle Mountain. I t is obvi
ous, however, that it runs almost due south from Juniper Lake to 
the Warner Valley, first straight along a narrow gully on the plateau 
and then zigzagging down the steep slope toward Lee's Camp. Since 
the Saddle Mountain lavas here lie flat, the contact must be strongly 
unconformable, and the Harkness basalts must have poured south
ward into a deep valley. A similar unconformity is to be found below 
the Red Mountain lavas on the south side of Warner Valley, suggest
ing that there also the pre-eruption surface was not very different 
from the present slope of Warner Valley. On the evidence of erosion 
alone, it would seem that the volcanoes of Red Mountain and Mount 
Ilarkness are approximately coeval. 

The earliest Harkness lavas are generally pale gray, massive ande-
sitic basalts that weather to a whitish crust and are rich in conspicu
ous phenocrysts of bright yellowish green augite. Nearer the vent, 
the later lavas are usually darker, often purplish, weathering to 
pinkish crusts, and are more vesicular, whereas in the crater rim the 
flows are almost black. Finally, the cinders forming the summit cone 
are black and scoriaceous. Apparently therefore the Harkness magma 
became increasingly vesiculated as activity proceeded. 

The cinder cone— 

The eruptions that built the summit cone cannot have been violent, 
for the ejecta are rarely seen beyond the crater rim, except as glacial 
or landslide debris. The original height of the cone does not seem to 
have been more than 600 feet above the enclosing lava rim. For the 
most part, the cone consists of highly vesicular, scoriaceous lapilli, 
having an average dimension of about an inch, admixed with fine black 
tuff. On the northeast side, however, there are cliffs, up to 200 feet 
high, of coarse vent agglomerate and breccia, containing fragments up 
to ten feet in length in a fine, ashy matrix. This material may well 
represent the infilling of the conduit itself, the more so as it has been 
deeply oxidized to a bright brick red. 



Fig. 26. a, Section across the Central Plateau. 6, Section through Bonte Peak, 
Mount Harkness, and Kelly Mountain. 
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Small avalanches have modified the original form of the cone, while 
the summit crater is now only a shallow, saucer-like depression, some 
100 feet deep and 250 yards across. 

Microscopical petrography— 

Hitherto no account has been published concerning the lavas of 
Mount Harkness. Without exception, the lavas are augite basalts and 
andesitic basalts in which hypersthene is either extremely rare or 
absent. Residual, rounded grains of olivine are occasionally present, 
but hornblende and biotite have not been observed. No other volcano 
in the Lassen region contains such basic materials; indeed, no other 
lava so far analyzed from the Park contains less than 50 per cent Si02. 
The Harkness lava is also distinctive by reason of its abnormally high 
content of iron and titanium. 

For the present purpose, it will be best to describe the lavas under 
two heads—first, the pale type predominating among the earlier flows, 
and then the black type—remembering that they may occur together 
within a single flow. 

Pate basalts— 

These consist of a dense pilotaxitic felt of plagioclase laths, making 
up about 70 per cent of the bulk, pale green granules of augite, from 
20 to 25 per cent, and grains of titanomagnetite. Residual glass is 
present occasionally, but only in small amount. A typical example of 
such a lava is illustrated in figure 27b. The laths of feldspar are 
remarkably uniform in size, seldom varying much from 0.025 mm. 
long and 0.005 mm. wide. Phenocrysts large enough to be discern
ible by the unaided eye are unusual. Twinning is on the albite, and 
less commonly on the Carlsbad plan, but rarely on the pericline law. 
The range of composition is from Ab,An, to AlqAn... with medium 
labradorite predominating. Glass and dust inclusions within the feld
spars, so abundant among the more acid lavas of the Lassen region, 
are here notably few. Parallelism of the feldspar laths, indicative of 
flow, is developed in small areas only. 

The augite is seldom euhedral, save as minute mieroliths, being 
typically present as ragged grains, at best bounded by prism faces. 
Whereas the larger grains tend to be chistered together, the smaller 
occur interstitially between the feldspar laths or project into them 
as if they had crystallized simultaneously. Twinning on 100 is fre
quent. In color, the augite is pale green or pale yellow, but may be 
colorless, and all three types are admixed without order. In size, 
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although an occasional crystal may attain a length of 5 mm., most are 
less than 0.5 mm. Diopside does not seem to be present, the augite 
being distinctly ferriferous, with a birefringence of from .030 to .035 
and y, 1.72, with the extinction Z/\c, about 46°, and the dispersion 
strong. 

Titaniferous magnetite is extremely abundant throughout and for 
the most part dispersed without respect to the other constituents, as 
minute euhedral crystals or as formless granules. Individual grains 
seldom exceed 0.001 mm. in diameter, but they may be so plentiful as 
to constitute as much as 8 per cent of the bulk. In those lavas devoid 
of glass, most of the augite, magnetite, and feldspar crystallized 
together, but in some, feldspar separated alone during the earlier 
stages of solidification. Generally, the magnetite separated from first 
to last, so that it may be found within the residual olivine or in the 
interstitial glass. That the magnetite is rich in titanium is manifest 
from analysis, but alterations are almost unknown. 

In some sections minute, rounded grains of colorless olivine are 
preserved, but they never constitute even 0.5 per cent of the total 
volume. Hypersthene, suggesting a stage in the discontinuous 
reaction from olivine to augite, has not been detected. 

Vesicularity is not a common feature of these pale basalts. On 
the southwest slope of the cone however, at an elevation of 6400 feet, 
the lava is crowded with flattened vesicles, up to an inch in length, 
elongated parallel to the flow-planes, and these are mostly infilled 
with opal, perlitically cracked, with an R.I. of 1.40. 

Dark basalts— 
There is of course no sharp distinction between the pale and dark 

flows, the increasing darkness resulting from a higher content of 
augite and of magnetite-charged glass. In some of the dark flows, 
green augite makes up 40 per cent of the whole, feldspar laths about 
50 per cent, magnetite crystals 3 per cent and magnetite-charged glass 
7 per cent. The composition of the feldspar is usually the same as 
that of the pale basalts, with medium to basic labradorite predom
inating, though in some there is also acid bytownite. These feld
spars vary little from 0.5 mm. long and 0.2 mm. wide, are fresh, 
unzoned, and free from inclusions. 

In the darkest lavas, titanomagnetite is abnormally plentiful, not 
merely in the glassy matrix, but as well formed crystals, constituting 
up to 15 per cent of the bulk. Reference to the analysis of one of 
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these dark basalts shows that the content of normative magnetite is 
8.12 per cent and of ilmenite 7.60 per cent. In the same rock the 
normative pyroxenes exceed 25 per cent. In the mode, labradorite 
forms from 45 to 50 per cent of the volume, augite about 35 per cent, 
titanomagnetite 15 per cent. Clearly, in many lavas most of the 
magnetite separated late, after almost all of the feldspar, and it is 
manifest that the residual liquor from which the augite and titano
magnetite were crystallized was not merely basic but exceptionally 
rich in iron, titanium, and magnesia. In this connection, it is note
worthy that as the content of glass in these lavas increases that of the 
second generation or microlithic augite diminishes and may even be 
quite lacking. The first generation of porphyritic augite commonly 
formed before the feldspars, but it is comparatively rare. Where 
hypersthene accompanies the augite, it is generally present as minute 
euhedral prisms associated with the microlithic augite, that is inter-
sertally between the feldspars, and therefore crystallized fairly late. 
If residual olivine be preserved, it is found to be altering to idding-
site with separation of magnetite and hence appears to be highly 
ferriferous. 

Concerning the amount of interstitial glass; this varies widely 
within the same flow. Where it is absent or in small quantities only, 
its place is taken by granular augite and magnetite, but where it is 
abundant, as in the vesicular, post-glacial flow on the south side of the 
volcano, augite is rare and the glass is rendered black by diffused 
magnetite dust. Among the basaltic cinders from the summit cone, 
magnetite-charged glass may make up 40 per cent of the ejecta. An 
average content of the post-glacial lava is: laths of labradorite, 75 per 
cent; granules of pale green augite, 4.5 per cent; microlithic hyper
sthene, 0.5 per cent; and magnetite-charged, interstitial glass, 20 per 
cent. The appearance of this lava is represented in figures 27a and c, 
where it is contrasted with the pale, glass poor basalt, figure 27b. 
One may suppose that the occurrence of lavas, apparently of about 
the same composition but widely different as to texture, in the same 
flow suggests considerable variation in the rate of cooling, and that 
the intimate admixture of massive and highly vesiculated lavas at this 
volcano hints at a very irregular concentration of volatiles in the 
escaping magma. 

Chemical composition.—An analysis of the dark, augite basalt 
from the east flank of the volcano, with the norm thereof, is quoted 
below, from which it will be observed that the Harkness basalt cor-



Fig. 27. Basalts of Mount Harkncss. 

A. Recent ' a a ' flow on south slope, elevation 7150 feet (127). Granular augite and laths of acid labrador-
ite in a glass base crowded with magnetite dust. B. From west base of cone, elevation 6250 feet (68a). 
Augite and magnetite granules with laths of labradorite. Typical of pale lavas toward the base of the cone. 
C. From same flow as A. Section highly magnified to show the ill-defined margins of the labradorite, and the 
presence of augite and hypersthene in the magnetite-charged glass-base. A and B. x 25; C. X 120. 
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responds much more closely to the average composition of the Oregon-
ian plateau basalts than do the recent lavas of the northeast corner 
of the Park (anals. 35 to 37). Moreover, whereas the latter show 
MgO :PeO ratios of 0.77 and 0.82, the Harkness basalt has a ratio of 
0.43, which is the lowest MgO :FeO ratio of any of the Lassen lavas. 
Clearly, there is not in this region the fairly regular variation of the 
MgO :FeO ratios with increasing Si02 content that has been noted in 
the Katmai series by Bowen. The high CaO :alkali ratio of the Hark
ness basalt, 2.15, is, however, what might be anticipated. 

ANALYSIS 11 

Si02 47.43 
A1203 13.19 
Fe203 5.63 
FeO 7.04 
MgO 5.20 
CaO 9.39 
Na^O 2.58 
K.O 1.79 
H . O - 2.02 
H20+ 1.38 
TiO, 4.00 
P.O., 55 
MnO 12 
BaO 04 

Quartz 1.86 
Orthoclase 10.56 
Albite 21.78 
Auorthite 19.18 
Diopside 19.18 
Hypersthene 5.89 
Magnetite 8.12 
Ilmenite 7.60 
Apatite 1.34 
Normative plagioclase, 

AbuAiL-
Dark basalt, east slope of 

Mount Harkness (73). 
Analyst, Steiger. 

100.36 

The anlaysis is of further interest in that it substantiates the 
suggestion made by Fenner that the alumina curve of the Lassen 
variation diagram falls abruptly at the basic end, but lends no sup
port to his idea that the MgO curve probably rises steeply at that end, 
tending rather to confirm the curve drawn by Day and Allen. Oppor
tunity will be taken later to emphasize the fact that at the basic end 
of the series the variations in composition are wide and irregular, 
fitting ill with the notion of a well differentiated magma. This may 
be due in part, as Day and Allen have indicated, to the inclusion in 
the Lassen series of certain basalts which ought not to be regarded as 
of the same magmatic province, but this is not the full explanation. 
The Harkness basalt is of added interest insofar as it departs from 
the general rule that the Lassen lavas are poor in titanium. I t should 
be remarked, however, that analyses made by Shepherd of other basalts 
from the Harkness cone fail to reveal such a high content of titanium.20 

28 In litt., from A. L. Day, Feb. 1931. 
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RED MOUNTAIN VOLCANO 

Red Mountain lies immediately to the south of Drakesbad, at the 
head of Warner Valley, rising to a height of about 7400 feet. The 
original form of the volcano is not so well preserved as are those 
of Mount Harkness and Prospect Peak, for its sides have been deeply 
carved, not only by powerful ice streams descending from Lassen 
Peak, but also by glaciers that radiated from its own summit. I t 
measures approximately three miles in diameter and its lavas are 
traceable down the northern slopes for 1700 feet. Like the other 
shield volcanoes of the Park, it appears to have been built entirely 
by the quiet effusion of liquid lavas, until, in the closing stages of 
activity, a central cinder cone was formed in the summit crater. 
Here, however, there are no signs, as on Prospect Peak, that the 
volume of the shield was augmented by fissure eruptions at and near 
its base. 

On the evidence of erosion alone, it may fairly be supposed that 
the Red Mountain Volcano is slightly older than those of Prospect 
Peak and Mount Harkness and perhaps of about the same age as the 
andesitic cone of Raker Peak. Certainly, it is younger than the ande-
sites which border it to the north and west; indeed these had been 
deeply eroded before the eruption of the Red Mountain lavas, as a 
study of their observable contacts will indicate. Apparently the Red 
Mountain flows poured northward into a steep-sided valley among 
the earlier andesites, just as the flows of Mount Harkness cascaded 
southward into an old, pre-Warner Valley. 

The eastward limits of the Red Mountain lavas are known only 
approximately, for exposures .are poor and the underlying pyroxene 
basalts are lithologically difficult to distinguish. At the northeast base 
of the volcano, near Kelly's Camp, the lavas appear to be intruded by 
an irregular body of rhyolite (pp. 295-296). Along Hot Springs 
Creek, the Red Mountain flows are downfaulted against the andesites 
of the Flatiron Ridge, the former being well exposed in a prominent 
fault scarp from 100 to 200 feet high, evidently of recent origin. 
Another fault may be traced from near Drakesbad through the Boiling 
Lake to the Terminal Geyser. This fault has clearly been active 
within recent times, for it cuts the glacial drift and forms a rock step 
up to 20 feet high and more than 500 yards long. Diller considered 
that the basin-like form of the depression containing the Boiling Lake 
suggests the site of an ancient crater, but definite evidence for this 



Fig. 28. Section through Red Mountain. Vertical shading, solfatarized areas. 

The lavas of Red Mountain bear such a close resemblance to those 
of Prospect Peak and Mount Harkness that a lengthy account of them 
is unnecessary. Most of the flows were of the block type but many 
were extremely fluid and had smooth crusts. Especially interesting 
are the flows on the northern flank of the volcano, particularly near 
its summit. Here may be found a remarkable group of collapsed 
lava tubes, now represented by a series of north-south ridges separated 
by gullies from 10 to 50 yards in width, partly infilled with angular 
blocks through the cave-in of tubes. The surfaces of the ridges are 
beautifully polished and striated by ice action. Where the lava tubes 
are closely spaced, the intervening ridges are roughly V-shaped in 
section, due to the arching of the lava over the tubes. In many places, 
along the sides of the gullies, one can see lava stalactites hanging from 
the broken roofs of the tubes, which vary from three to ten feet in 
thickness. Proceeding across the trend of the tubes, one may count as 
many as 30 in the space of half a mile. Such a regular system of more 
or less parallel tubes appears to be an unusual phenomenon. As to the 
cause of the collapse of the tubes, two possibilities suggest themselves: 
either they collapsed owing to cracking during solidification or, more 
probably, they caved in owing to inability to support the weight of 
later glaciers. There can be no doubt that the lavas among which 
these tubes occur must have been extremely fluid, certainly much more 
so than the blocky flows with which they are intimately associated. 

On the summit of Red Mountain there is a north-south ridge, about 
600 yards long and from 100 to 150 feet high, composed of black, 
brown, and bright red cinders, scoriae, and vesicular lapilli, which is 

282 University of California Publications in Geological Sciences [VOL. 21 

assertion is lacking, and it is more likely that the lake owes its origin 
to the localization of solfataric activity along a fault zone, tending 
approximately northwest-southeast. Hot Springs Creek is likewise 
localized by a complex zone of faulting and was formerly an impor
tant center of solfataric activity, the andesites along its banks showing 
intense decomposition. 
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evidently the remains of a former cinder cone. There is, however, 
no trace either of the vent into which it rose or of the crater of the 
cone itself. The ejecta, which range in size between about an inch 
and six inches, are unconsolidated and show no stratification. Doubt
less the obliteration of the original form of the cone and the formation 
of this elliptical, craterless hill of ejecta is due to glacial action; 
precisely similar hills, elongated parallel to the direction of the glacial 
striae, may be found on the slopes of Mount Shasta. 

Microscopical petrography—• 

The lavas of Red Mountain are, for the most part, transitional in 
character between augite andesites and basalts. Here, as at the other 
shield volcanoes of the Park, there is an intimate admixture of pale 
gray, massive lava with black, vesicular lava, the two types commonly 
occurring in the same flow, their differences arising, not from varia
tion in composition, but from A'arying content of magnetite-charged 
glass. In the pale lavas there is usually little or no glass and the 
magnetite is dispersed throughout in discrete granules; in the vesic
ular lavas, on the contrary, glass is generally abundant and the 
magnetite is largely restricted to impalpable dust within it. 

Among the earliest flows are those exposed in the fault scarp on 
the south side of Hot Springs Creek. These consist of pale gray 
basalt, extremely rich in olive green crystals of augite, many more 
than 1 cm. long, and large porphyritic feldspars. Vesicular and 
fluxion structures are almost absent. Under the microscope the augite 
is seen to have the following optical properties: a —1.702; R-= 1.712; 
y = 1.725; £ A c = 52°; slight pleochroism from yellowish green, X, 
to bluish green, Z. I t occurs in two generations, namely as pheno-
crysts, often inclosed in glomero-porphyritic clusters of feldspar, and 
as microliths. Occasionally, it is associated with residual olivine and 
with microliths of hypersthene. The feldspar, which is usually un-
zoned, is dominantly medium labradorite (Ab40An<,0), and is strongly 
twinned on both the albite and pericline plans. Magnetite is scat
tered throughout, having crystallized from first to last. Glass is 
absent, the matrix consisting of microlithic feldspar and pyroxene. 

Resting on these pale basalts in the vicinity of the Boiling Lake 
and the Terminal Geyser are blue black lavas that differ chiefly in 
their content of glass and in their solfataric decay. At the Boiling 
Lake itself the basalt can be found in all stages of decomposition to 
opal and kaolin. The cream and white muds encircling the lake are 
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essentially composed of kaolinite, as indicated by analysis 13. Com
pared with the fresh basalt (anal. 12), the solfataric mud is further 
distinguished by a high concentration of phosphorus and zirconia. 
The freshest basalts hereabouts are coarsely porphyritic, carrying 
large crystals of ferriferous augite and basic labradorite. Alteration 
commences with the augite and relic olivine which are converted into 

Fig. 29. The Boiling Lake. White, kaolin muds on banks. Photo. R. H. Finch. 

serpentine and (?) talc, but the feldspars and magnetite are decom
posed only with difficulty. In some specimens the vesicles are infilled 
with calcite, but silicification is conspicuous by its absence. Along 
the fault zone of Hot Springs Creek the alterations are different, for 
there the porphyritic feldspars are commonly pseudomorphed by 
chlorite or by quartz mosaics. The pyroxenes also are replaced by 
chlorite with consequent liberation of iron ore, while the vesicles are 
infilled by concentric zones of quartz and chlorite and the glassy 
matrix appears to be converted in part to opal. An interesting feature 
of these rocks is that adjacent feldspars may show widely different 
stages of decomposition, one crystal perhaps being pseudomorphed by 
chlorite, the next by quartz and a third by calcite. 



1932] Williams: Geology of Lassen Volcanic National Park 285 

The blue black basalts that, form the bulk of the slope west of 
Little Willow Lake are characterized by their high content of brown
ish black glass. Usually this glass constitutes from 35 to 40 per cent 
of the lava, laths of basic labradorite occurring in the same amount, 
while the remainder consists of pyroxene, magnetite, and accessory 
olivine. Hypersthene and augite vary considerably in their relative 
abundance, and in most specimens a lamellar intergrowth of these 
minerals is developed, the augite growing parallel to the 010 and 110 
cleavages of the hypersthene with their " c " axes in common and 
the " b " axis of the augite corresponding to the " a " axis of the 
hypersthene. In no case was the augite observed to enclose the hyper
sthene completely, the ends of the latter always being free. This 
restriction of the augite to certain definite faces in the vertical zone 
of the hypersthene is analogous to the relations often noted between 
aegerite and acmite. Augite " jackets" around hypersthene have 
already been mentioned among other lavas in the Park, but nowhere 
are they as common as among the Red Mountain basalts. Much of 
the augite crystallized early and is thus included in the porphyritic 
feldspars, but most of it separated late and is associated with granular 
magnetite in the glassy base. Prom the fact that the augite in the 
" jackets" has a much higher R.I. than the hypersthene, it may be 
supposed to be notably rich in iron. Pyroxene phenocrysts longer than 
1 mm. are rare, most of the crystals measuring less than 0.5 mm. long, 
and the same is true of the feldspar. 

ANALYSES 12, 13, 14 

12 13 14 12 
SiO, 57.25 47.51 54.97 Quartz 10.86 
A1203 18.25 34.08 27.72 Orthoclase 6.12 
Fe,03 1.44 1.17 .88 Albite 24.10 
FeO 4.73 .52 .32 Anorthite 33.92 
MgO 4.57 .28 .20 Diopside 4.51 
CaO 8.12 .08 .39 Hypersthene 16.20 
Na,0 2.85 .21 .41 Magnetite 2.09 
KjO 99 .11 .46 Ilmenite 76 
H 3 0 - 31 1.89 2.54 Apatite 34 
HaO+ 65 11.60 9.93 Normative plagioelase, Ab)2AnM. 
TiO. 42 .65 .83 12. Basalt from Lake Tartarus (Boil-
Zr02 01 .09 .03 ing Lake). Analyst, Wheeler, 
P203 18 .81 .11 quoted in Washington's Tables, 
S 63 1.11 p. 409. 
MnO 11 tr. 13. Solfataric mud from Lake Tar-
BaO 05 .05 .03 taxus. 
SrO 08 n.d. n.d. 14. Solfataric mud from the Devil's 
Li20 tr. tr. tr . Kitchen. 

Analyst, 13 and 14, Wheeler. 
100.01 99.68 99.93 
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Among the basalts near the summit of the volcano and in the ejeeta 
of the cinder cone, oxidation is far advanced, so that the rocks appear 
brick red owing to an abundance of hematite and limonite. Among 
these latest lavas, also, vesicles are pronounced and in a few flows they 
are infilled with opal. 

Essentially, then, the lavas of Red Mountain are hyalopilitic 
pyroxene basalts, with approximately equal amounts of augite and 
hypersthene, of blue black color, and distinctly vesicular, associated 
with pale gray, usually non-vesicular, pilotaxitic basalts in which 
large phenocrysts of green augite are the dominant ferromagnesian 
constituent. None of the lavas appears to contain quartz, hornblende, 
or biotite, nor does there seem to be any regular differentiation from 
top to bottom of the cone despite its great size. 

THE RAKER PEAK VOLCANO 

Raker Peak, formerly known as Divide or Barrier Peak, lies in 
the angle between the headwaters of Hat and Lost creeks, at the north
eastern foot of Lassen. Looking at the mountain from the north, it 
appears as an almost perfect cone (fig. 30), but from the east the 
symmetry is destroyed (fig. 32). The reason for this difference is 
that the original andesitic cone has been intruded on its south side 
by a large, steep-walled dome of dacite. A conspicuous gully runs 
in a northwest-southeast direction across the mountain following the 
contact of the dacite with the andesite, the white rocks of the dome, 
with their scanty cover of conifers, standing out conspicuously against 
the brown weathering lavas of the cone with their thick cover of 
brush. There is good reason to suppose that glaciation has had com
paratively little effect on the forms of the dome and cone in their 
upper parts though their bases have suffered considerably. 

The andesitic cone— 
The Raker Peak cone rises from 1200 to 1500 feet above the valleys 

of Hat and Lost creeks, its original angle of slope diminishing grad
ually from 10° at the summit to about 5° at the base. At present, the 
andesites of this volcano may be seen over an area of some six square 
miles, but their southern limits are concealed beneath the mud flows 
and dacites of Lassen Peak. Eastward, however, they probably ex
tended no more than two miles from the vent onto the black andesites 
of the Central Plateau. The flanks of the cone are almost entirely 
mantled by glacial debris, derived chiefly from Lassen Peak and 
vicinity. A few ridges of andesite project through this debris, and 
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radiate from the summit in a manner that suggests them to be separate 
flows. The bulk of the cone consists of lava, free from pyroclastic 
admixture. Here, as on Prospect Peak, Mount Harkness, and Red 
Mountain, pyroclastic ejecta appear to be confined to a summit cinder 
cone. Here, as there, the preceding activity was of Hawaiian type, 
namely a quiet outpouring of liquid lava from a central vent. 

Fig. 30. Telepliotograph looking south from Prospect Peak to Baker (middle 
distance) and Lassen (to left) peaks; Chaos Crags to right. Note dacite dome form
ing the slope of Baker Peak, to left of the andesite cone. Photo. B. H. Finch. 

Speaking generally, it may be said that the earliest flows are 
more platy and less massive than the later, and that the topmost lavas 
are the most vesicular, a succession analogous to that at the other three 
shield volcanoes. Without exception the lavas are pyroxene andesites 
and differ only in the relative proportion and total amount of the 
pyroxenes. In no case has olivine been recognized among them. 
Macroscopically, they are characterized by bright grass green, or, less 
commonly, dark brown granules of pyroxene, often more than 2 mm. 
long, but the matrix varies in color from pale gray to deep red or 
black, according to the content and state of the iron ores. At certain 
horizons, the lavas contain porphyritic feldspars, but generally the 
plagioclase is microlithic. Occasionally, rose pink prisms of hyper-
sthene can be detected by the unaided eye. Contrasted with the earlier 
lavas, which are dominantly pale gray, the latest flows are deeply 
oxidized, red, and almost "c indery" in appearance. " A a " structure 
is, however, absent, while the "block" lavas, so typical of the Pros
pect and Harkness volcanoes, are extremely rare. As far as can be 
judged the Raker Peak andesites flowed with more or less smooth 
crusts. 
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Microscopical petrography— 

Considering first the pale gray lavas that are exposed along the 
eastern base of the cone, where they have recently been quarried for 
road metal, these consist essentially of minute laths of labradorite 
showing a rude trachytoid texture, granules of augite and hyper
sthene, and a sprinkling of magnetite in a glassy or feldspathic 
matrix. Occasionally, interstitial glass may be lacking, its place being 
taken by granular pyroxene and magnetite. The feldspars seldom 
exceed 0.25 mm. in length or 0.05 mm. in width and are always fresh. 
They vary in composition between Ab,0An-0 and Ab.i0An70 in different 
specimens, but in most the range is only from Ab4r, to Ab40, that is 
from acid to medium labradorite. Generally, the largest pyroxene 
crystals are of augite, while the hypersthene is typically present as 
subhedral prisms in the groundmass. This tendency for the ortho-
pyroxenes to show better crystal outline than the augite is universal 
among the Lassen lavas. Both the augite and hypersthene appear 
to be varieties poor in iron; the former probably approaches diopside 
in composition, while the latter rarely shows perceptible pleochroism, 
and in some cases is accompanied by a few crystals of enstatite. These 
characters are reflected in the high MgO :FeO ratio of the specimen 
analyzed and in its high content of lime. A micrometric analysis of 
this specimen reveals the following: labradorite laths (Ab40 to Ab30), 
51 per cent; augite, 18 per cent; hypersthene, 5 per cent; magnetite, 
2 per cent; and interstitial glass, 24 per cent. Another lava from the 
same flow reveals a widely different content, thus: labradorite, 59 
per cent; augite, 22 per cent; hypersthene, 15 per cent; enstatite, 
2 per cent; and magnetite, 2 per cent. 

Some of the earlier flows on the northern flank of the cone are 
notably porphyritic, both the feldspars and pyroxenes commonly 
attaining lengths of more than a millimeter. In these rocks, the por
phyritic feldspar may be zoned from Ab45 in the core to Ab5- at the 
rim, and may be partly infilled with glassy inclusions. Ferriferous 
augite (y = 1.71), may here be developed almost to the exclusion of 
hypersthene, and ragged phenocrysts of hornblende are occasionally 
preserved as paramorphs in magnetite. Brown and colorless glass 
locally constitute a third of the bulk of many specimens. 

In all the above, crystallization appears to have commenced with 
the porphyritic augite, followed by a simultaneous crystallization of 
the second generation of augite with the hypersthene and feldspar. 



Fig. 31. Baker Peak pyroxene andesites. A. Gully southwest of summit (238). Andesine and augite in a glassy matrix. 
B. Quarry near Hat Creek (205). Laths of andesine-labradorite and granules of augite, hypersthene and enstatite in a 
feldspathic base. Large phenoeryst of augite. C. Bidge southwest of summit, elevation 7250 feet (239). Mieroliths of 
labradorite and granules of augite in a brown to black, vesicular, glass base, x 30. 
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Magnetite separated throughout, but is concentrated particularly in 
the glassy matrix. 

Considering next the lavas from about the summit of the peak, 
there is a greater variety of structural types. Phenocrysts of medium 
labradorite are often plentiful, well zoned, and charged with inclu
sions of brown glass and dust (fig. 31a). Here again it is noteworthy 
that augite is the only pyroxene to occur as large phenocrysts and 
that the hypersthene is restricted to the groundmass. Many of these 
topmost lavas and the cinders forming the summit cone are excep
tionally rich in deeply colored glass, so that they resemble tachylites 
(fig. 31c). Clear microliths of basic labradorite (Ab3r,An05), rarely 
longer than 0.2 mm., and irregular granules of pyroxene, almost 
wholly of augite, up to 0.5 mm. in length, lie scattered haphazard in 
a vesicular base of chocolate brown or black glass, clouded with mag
netite dust. The refractive index of the brown glass, 1.55 ± .001, 
suggests basicity (about 55 per cent Si02) and richness in iron. The 
hypersthene, also, is much more pleochroic and apparently richer in 
iron than in the earlier lavas. In a few specimens the vesicles are 
infilled with opal, but evidences of marked solfataric activity are 
notably rare at this volcano. 

ANALYSIS 15 

Quartz 8.22 
Orthoclase 7.20 
Albite 25.68 
Anorthite 28.36 
Diopsido 9.67 
Hypersthene 17.91 
Magnetite 1.16 
Ilmenite 1.22 
Apatite 34 
Normative plagioclase, 

Ab45An0. 
Augite andesite, quarry on 

left bank of Ha t Creek, 
east flank of Raker Peak 
(240). 

Analyst, Steiger. 

From the slides examined, it cannot be affirmed that the lavas of 
Raker Peak exhibit any regular or striking process of differentiation. 
I t is true that ortho-pyroxenes appear to be relatively more abundant 
in the earlier flows, and that they seem to be more ferriferous in the 
later, but the differences are slight and there are many exceptions to 
the generalization. In all, augite is by far the dominant ferromag-
nesian constituent. Compared with the lavas of Prospect Peak and 

SiO* 57.85 
A1:03 16.71 
Fe : 0 3 88 
FeO 4.93 
MgO 6.07 
CaO 8.30 
Na-0 3.04 
K%6 1.18 
H 2 0 - 16 
H=0+ 32 
TiO, 60 
P2Os 13 
MnO 09 
BaO 02 

100.28 
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Mount Harkness, those described above are poor in magnetite. Iron 
ores are indeed singularly scarce among the earlier flows, only becom
ing essential constituents in the topmost lavas where they are largely 
restricted to the glassy residuum. The absence of apatite in any of 
the specimens studied is significant. There can be no doubt that the 
lavas of the whole Lassen province are distinctly poor in phosphorus, 
a feature to which Day and Allen first drew attention. 

Fig. 32. Raker Peak from the southeast. In foreground, part of 1915 mudflow. 
Left side of peak, dacite dome; right side, andesite cone, surmounted by cinder cone. 

Chemical composition.—The analysis of the pale gray andesite 
from the east base of Raker Peak, of which a mierometrie analysis has 
already been given, is interesting as showing a higher content of MgO 
than any other lava in the district. I t is also distinctive by reason 
of its high content of CaO and comparative poverty in alkalis. Indeed 
the deficiency in alkalis is more pronounced than in any other andesite 
from the Lassen region. Had analyses been made of lavas from the 
higher part of the cone, there can be no doubt that they would have 
revealed a much higher proportion of Fe203 owing to their content 
of magnetite. 

The dacite dome— 

On its southwest side, the andesite cone is intruded by a large 
body of dacite, splendidly revealed in the long line of cliffs overlook
ing the head of Lost Creek. Figure 32 shows how distinctly the dome 
shape of this intrusion is to be seen from the east. The passer-by 
cannot fail to be struck by the remarkable columnar structure devel
oped in these cliffs of dacite. They recall the famous Obsidian Cliff 
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at Yellowstone Park. Here also the columns stand vertically, or 
almost so, and their forms become more irregular toward the top. 
Upon closer inspection, the dacite is seen to be strongly banded (fig. 
33), the flow-planes lying horizontally for the most part, but, halfway 
up the cliffs, form a great swirl with a horizontal axis, so that the 
planes bend completely over themselves. Though distinct throughout, 
the banding generally becomes more pronounced in the upper parts 

Fig. 33. Banded dacite with hornblendic inclusions, Raker Peak dome. 

where the dacite becomes even platy. Possibly this accentuation of 
the banding is to be attributed to a greater concentration of volatiles 
at the top of the dome during protrusion. On fracture, the banding 
is emphasized by differences of color, some layers being purple, others 
gray or black. 

Next to the columnar structure and banding, the most conspicuous 
feature of the dacite is the abundance of its dark inclusions. At first, 
indeed, the impression one gains is of a well bedded agglomerate. 
Most of the inclusions vary from an inch to a foot in length; rarely 
do they exceed a yard. They are generally subangular or angular, 
of dark gray or purple color, and tend to weather out readily from 
the enclosing, paler dacite. Except at the southern end of the dome, 
they show no definite orientation; there they stand vertically, that is 
parallel to the margins of the protrusion. Toward the top of the 
dome, their number and size diminish. 
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The dacite is invariably rich in glass, and though it may reveal 
bubbles of microscopic size, it is never vesicular as seen in the field, 
nor does it exhibit any appreciable differences of crystallinity from 
the margins inward. Possibly the absence of vesicles may be con
nected with an original poverty in volatiles, for even the glass is not 
unusually rich in water. 

Form and internal structure of the dome— 

Although the actual contacts between the dacite and the andesite 
are nowhere exposed, mapping suggests that they are steeply inclined 
and locally vertical. Moreover, at the southern end of the dome, close 
to the highway, the flow-planes roll over from their normal horizontal 
position to the vertical. Again, the dips of the adjacent andesites are 
in many places reversed against the dacite, as if the former had been 
upturned by the rise of the dome. Lastly, since the andesitic cone 
has been but little modified by erosion, it is reasonable to suppose that 
the shape of the later dacite dome is also not very different from that 
which it originally possessed. That being the case, and granted that 
the southern face of the dome protruded above the flank of the older 
cone, it must be supposed that the present line of cliffs overlooking 
Lost Creek is merely due to the accentuation of a previously steep 
face by erosion. I t may be doubted that the original face was ever 
more than 200 or 300 yards south of those cliffs. As for the base of 
the dome, it must lie at no great depth, since the dacite only displaced 
the andesite for a short distance from its margins and shows no evi
dence of having reached the surface by assimilation. Perhaps the 
floor on which it rests is approximately flat and the dome has a mush
room shape, fed from below by a narrow conduit. 

We have already noted that almost everywhere the banding of the 
dacite is horizontal, bending over to vertically close to the margins. 
I t should now be added that at the top of the dome the flow-planes are 
again either vertical or steeply inclined. By analogy with the surfaces 
of other domes of the Lassen region, it is probable that the original 
summit of the Raker Peak dome was thickly covered with blocky 
detritus due to fracturing of the lava during emplacement. 

The available evidence suggests that the internal structure of the 
dome is marked by a concentric banding or Ziviebelstruktur such as 
would inevitably result from endogenous expansion (fig. 38). The 
squeezing of viscous magma through a narrow aperture tends natu
rally to yield such a structure as Reyer has demonstrated. There is 



294 University of California Publications in Geological Sciences [VOL. 21 

here no suggestion of the fan structure of the flow planes that typifies 
all the other domes of the surrounding country. 

Among volcanic domes from other parts of the world, none bear 
a closer resemblance to that of Raker Peak than those of Ascension 
Island, described by Daly.27 There small, steep-sided domes of 
trachyte were protruded through the flanks of basaltic cones. On 
Ascension the rise of the trachyte domes was usually heralded by the 
explosion of breccias, but the Raker Peak dome does not seem to 
have been preceded by any such pyroclastic activity. In a general 
way, the latter dome, in its relation to the andesitic cone of Raker 
Peak, shows similarity to the dome of Lassen Peak itself, situated on 
the flank of the andesitic volcano of Brokeoff. 

Microscopical petrography of the dacite—• 

A colorless, vesicular, perlitic glass makes up from 45 to 60 per 
cent of the rock. Its refractive index (1.499-002) suggests it to 
be extremely acid. In this glass lie abundant corroded crystals of 
plagioclase, up to 2 mm. long, generally crowded with glassy inclu
sions. A few of the crystals are unzoned and have the composition 
of medium oligocla.se (Ab7SAn22), but most are marked by strong 
oscillatory zoning with a range from Ab00 to Ab7r,. Together, the 
feldspars constitute about 30 per cent of the bulk. Rounded and 
fractured phenocrysts of quartz comprise about 2 per cent of the 
whole, while the remainder includes hornblende and biotite with acces
sory magnetite and apatite. The hornblende is normally pleochroie 
from pale yellowish green, X, through yellow green, Y, to olive green, 
Z; a = 1 . 6 5 5 ; y = 1.676; ZAc = 15°. The biotite is usually pleo
chroie from pale yellow or brown to black and is pseudo-uniaxial. 
Occasionally, however, both these minerals appear to have suffered 
reheating, for some of the hornblende crystals are of the basaltic 
variety and some of the biotite flakes are reddened, have a large 2V 
and show intense dispersion, p<f . Rare grains of colorless augite 
are to be seen inside the hornblende prisms and in the glassy matrix, 
but hypersthene has not been detected. 

Chemically, the Raker Peak dacite is of interest as being the most 
acid of all the Lassen dacites (anal. 26, p. 365). At the same time, it is 
lower in alumina and magnesia than the other dacites, and has the 
highest FeO :MgO ratio of any lava in the Park. 

27 Dalv, R. A., The geologv of Ascension island, Proc. Am. Acad. Arts and 
Sci., vol. 60, pp. 23-38, 1925. 



1932] Williams: Geology of Lassen Volcanic National Park 295 

Basic inclusions in the dacite— 

Like the inclusions in the pre-1915 dacite of Lassen Peak, all the 
inclusions in the Raker Peak dacite are essentially composed of horn
blende, basic plagioclase, magnetite, and glass. They may be divided 
into two types, viz., those with green and those with basaltic horn
blende. In all, the texture is similar to that illustrated in figure 59a. 
The green hornblende does not differ from that in the enclosing dacite 
except that, instead of occurring in stumpy prisms, it is usually 
acicular, some crystals measuring 2 mm. in length and only 0.1 mm. 
in breadth. The basaltic hornblende is pleochroic from pale green to 
deep russet and extinguishes straight, but it fails to show the resorp
tion borders of magnetite typical of the hornblende crystals in the 
Lassen Peak inclusions. Possibly this absence of resorption and the 
preservation of green hornblende is to be attributed to rapid cooling 
of the enclosing dacite, solidification taking place before the break
down of the hornblende had proceeded far. In a few instances grains 
of colorless augite occur in the cores of the hornblende prisms. Bio-
tite is exceptional and where present is pleochroic from pale yellow 
to deep reddish brown and has a 2V of about 20°. The plagioclase, 
which is developed to the same amount as the hornblende, namely 
about 40 per cent, is unzoned medium to basic labradorite, occasionally 
with dusty cores. Most of it crystallized at the same time as the horn
blende, but some of it commenced to form earlier. In size the laths 
vary little from 0.25 mm. long by 0.05 mm. wide. Interstitial glass, 
lightly studded with granular magnetite, makes up 20 per cent of the 
inclusions, its color varying from yellow to brown. Apatite is a 
constant though minor accessory. 

The apparent absence of pyroxene-rich inclusions in the Raker 
Peak dome suggests that crystallization in the upper parts of the 
magma reservoir was slow but far advanced prior to eruption. 

RHYOLITES 

At the northeast base of the Red Mountain cone, in the hills that 
lie between Kelly's Camp and the Terminal Geyser, there are many 
exposures extending over an area of about a third of a square mile, 
of white, glassy lavas. Somewhat similar lavas are to be seen at 
intervals along the northern slope of Grassy Swale. These lavas differ 
markedly from all others of the Lassen region, but unfortunately, 
their precise relations are in doubt. The Grassy Swale lavas lie near 
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the contact between the black andesites of the Central Plateau and the 
pale flows of Saddle Mountain, but whether they are older or younger, 
intrusive or extrusive is unknown. The white lavas near Kelly's Camp 
lie in an area of intense solfataric activity, between Warner Creek and 
the fault zone connecting the Boiling Lake with the Terminal Geyser. 
Eastward, they pass beneath the alluvial meadows of Warner Valley; 
southward, their limits are masked by glacial debris. In other direc
tions, it is also a matter of no small difficulty to decide upon their 
boundaries, for the adjacent andesites and basalts are themselves so 
bleached and altered by hot springs that they appear to merge into 
the white lavas by insensible gradations. Locally, indeed, it has only 
been possible to estimate the contacts by microscopic examination. If 
the limits of the lavas are considered vague, their attitude is no less 
obscure. In places, they are well banded, the flow-planes lying hori
zontally or rolling at low angles, but throughout most of their expos
ure they are quite devoid of any such structure and are characterized 
by closely-set joints of haphazard trend. It is therefore impossible to 
make out their relations. The absence of any similar white lavas in 
the vicinity or of a source other than local, and the manner in which 
the andesites and basalts are irregularly cut by the white lavas, incline 
one to the view that they represent part of a domical protrusion. If 
such is the case, the site of the dome at the base of the Red Mountain 
cone is analogous to that of all the other Lassen domes, namely on the 
flanks of older andesitic cones. The rarity of definite structures in 
such a glassy lava, explicable on this hypothesis, would be difficult to 
account for on the assumption that it is merely part of a once extensive 
lava flow, for all the other glassy lavas of the Lassen region are typified 
by their conspicuous banding. 

Even at a distance, the outcrops of the white lavas stand out 
prominently. On closer inspection, they resemble massive quartz por
phyries, or, where phenocrysts are few, porcellanites. Their crusts 
are usually ' ' chalky'' in appearance, or are mottled in green and white 
by streaks of chloritic matter. In some places, they are stained with 
malachite and purplish copper oxides; elsewhere, they are coated with 
bright red films of iron oxide, particularly along joints. Because of 
the close spacing of the joints, the rocks break with a hackly fracture. 
Vesicles are rare and banding is generally absent. The bulk of the 
rocks consists of glass, often crowded with spherulites that weather 
out into prominence where the lavas have been most subjected to 
solfataric action. 
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While the field evidence is thus admittedly weak, it seems best for 
the present to regard the white lavas as intrusive into the andesites 
and basalts, that is, as part of a dome whose original form has been 
entirely destroyed by erosion. 

Microscopical petrography— 

Considering the rocks under the microscope, they would be 
described as glassy rhyolites and dacites, according to the nature of 
the phenocrysts, whether quartz or plagioclase. Of the six sections 
examined, none contain phenocrysts of both these minerals, though 
a fuller collection might reveal such transitional types. Certainly, it 
would be impossible in the field to draw any sharp line of separation 
between the dacites and rhyolites. Possibly, the presence or absence 
of quartz is to be attributed here, as in the dome of Mont Pelee, to 
variation in the rate of cooling and in the content of volatiles of an 
otherwise homogeneous magma. It seems that the dominant rocks are 
glassy dacites (shastaites) with phenocrysts of acid to medium ande-
sine, and that these are developed particularly in the northern part 
of the mass. These rocks will therefore be described first. 

A characteristic dacite is that exposed at the base of the hills 
immediately behind Kelly's Camp, near the trail to the Geyser. I t is 
a pale greenish to white, dense lava, studded with glassy crystals of 
plagioclase. Indeed, about 30 per cent of the rock is made up of 
deeply corroded, embayed, and zoned phenocrysts of andesine (Ab70 

to Ab„0), mostly about a millimeter long, associated with a few smaller 
phenocrysts of orthoclase (fig. 34fr). The andesine crystals exhibit 
both pericline and albite lamellation, their cores are distinctly more 
basic than their rims, and they usually carry abundant inclusions of 
glass and gas, as if they had crystallized rapidly under low pressure, 
a feature common to most of the Lassen dacites. Occasional prisms 
of hornblende and flakes of biotite, partly or wholly replaced by 
chlorite, are scattered sparing^ throughout. The matrix is entirely 
devoid of flow-structure, and consists of devitrified glass, now repre
sented by a micrographic-granular intergrowth of untwinned feldspar, 
supposedly soda-orthoclase, and quartz, the whole stippled with mag
netite dust and specks of chloritic matter. Some calcite and pyrite 
grains are also present. In this matrix lie clusters of fibrous spher-
ulites, wholly made up of soda-orthoclase, the fibers elongated along 
their fast direction. Generally, the fibrous structure is best developed 
at the periphery of the spherulites and passes inward to the nuclei 
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where the feldspar has a microgranular texture. In other spherulites, 
the fibers commenced growth from the faces of feldspar phenocrysts. 
Occasionally, the radial structure is accentuated by a sympathetic 
arrangement of black, rod-like crystallites of unknown character. 
Individual spherulites rarely exceed a millimeter in diameter, but a 
few measure 2 mm., and they are generally closely packed so as 
mutually to interfere. 

In the absence of chemical analyses, it is of course impossible to 
be sure of the amount of orthoclase in the matrix of this lava, but 
the high content of andesine seems to warrant classifying the rock as 
a hornblende-mica hyalodacite. Probably, its bulk composition is not 
very different from that of the Lassen Peak and Chaos Crags dacites. 
Glassy, but non-spherulitic lavas are plentiful in the higher, northern 
parts of the mass. In these, the size and number of the andesine 
crystals are much smaller than in the lava just described, and in some 
specimens phenocrysts are entirely absent, so that the rocks may be 
referred to as cryptofelsites. They are micro- and cryptographic gran
ular intergrowths of quartz and orthoclase, stippled with chlorite and 
iron ores. Under crossed nicols, the base breaks up into irregular 
mosaics, the separately distinguishable parts varying from 0.25 to 
0.50 mm. in diameter. This "pa tchy" polarization appears to result 
from devitrification. Where affected by hot springs, the rocks are 
deeply kaolinized and are crowded with large grains of magnetite. 

Strongly contrasted with the above, are certain alkalic, salic, and 
quartzose rhyolites (alaskose) which outcrop in the crags immediately 
to the north of the Terminal Geyser. These rocks are peculiar by 
reason of their abundant negative spherulites of soda-orthoclase, often 
making up half of the bulk. Between the spherulites is a microgranu-
lar-graphic intergrowth of orthoclase and quartz, the latter predom
inating. In places, this intergrowth passes into mosaics of pure quartz 
and chlorite. Where the glass is not devitrified it has an R.I. of 
1.524, which is higher than might be anticipated from the analysis 
of the lava. Of chief interest, however, is the fact that in these rocks 
there are no phenocrysts of feldspar, but abundant porphyritic quartz. 
The bizarre, corroded forms and the cracking of these quartz crystals 
are represented in figures 34 a and c. Rare grains of hornblende and 
biotite are partly pseudomorphed by titanomagnetite and occasional 
prisms of apatite are to be seen. 
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Fig. 34. Spherulitie dacite and rhyolites from near Kelly 's Camp, Warner Valley. A and C, glassy rhyolites, with 
corroded crystals of quartz and resorbed crystals of hornblende and biotite, partly or wholly replaced by titaniferous 
magnetite. Negative spherulites of orthoclase in a crypto- to micrographic granular matrix of quartz and orthoclase. B, 
glassy dacite, similar to A and B except for presence of zoned crystals of medium to acid andesine, and absence of porphy-
ritie quartz, x 30. 
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Concerning the lavas of Grassy Swale, it need only be said that 
they duplicate the characters of the rocks briefly described above, 
being transitional between hornblende-mica dacites and rhyolites, 
often spherulitic and always rich in extremely acid glass (R.I., 1.489 
± . 0 0 2 ) . 

Chemical composition— 

Hillebrand analyzed a lava collected from ' ' a short distance north
west of Willow Lake, near the Geyser," and refers to it as a light 
gray rhyolite with occasional phenocrysts of quartz and feldspar in 
a granular groundmass of the same. I t is reasonably certain that this 
specimen came from the same locality as the spherulitic rhyolite men
tioned above, though it differs in the presence of porphyritic feldspar. 
The analysis is noteworthy for its high content of alkalis, the norma
tive feldspars amounting almost to half the total content. I t is also 
distinguished by its poverty in lime and magnesia. Somewhat similar 
rhyolites occur outside the Park limits in Deer Creek Meadows. 

In brief, it may be concluded that the supposed domes of Grassy 
Swale and the Terminal Geyser consist of glassy rhyolites and dacites 
with "felsites" of transitional character, all of which are probably 
more acid than the lavas that constitute the other domes of the Lassen 
region. 

ANALYSIS 16 

Si(\, 74.24 Quartz 42.30 
A130, 14.50 Orthoclase 27.80 
Fe,,0., 1.27 Albite 25.15 
FeO 67 Anorthite 56 
MgO 25 Corundum 5.41 
CaO 11 Hypersthene 60 
Na»0 3.00 Magnetite 1.39 
K , 0 3.66 Ilmenite 46 
H.O- Hematite 32 
H.O+ 2.04 Apatite 34 
TiO, 20 Normative plagioeiase— 
P 2 0 , 07 Ab^ArL,,. 
MnO 06 Rhyolite. Near Willow Lake. 
BaO 18 Analyst, Hillebrand, quoted 
SrO tr . in U. S. G. S. Bull. 148, 
SO, 03 p. 192, 1897. Also Wash-

ington's Tables, p. 63. 
100.28 

THE PRE-LASSEN DACITE PLOWS 

At some period toward the close of activity at the Brokeoff Vol
cano, or perhaps after the volcano had ceased to erupt andesites from 
its central crater, a new vent was opened on its northeast flank from 
which was erupted a series of flows of fluid dacite. This parasitic 
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vent lay on or near the present site of Lassen Peak but there is now 
no visible trace of it beneath the later protrusions of viscous daeite. 
Judging from the dips of the daeite flows, it would seem that the vent 
was located approximately beneath the southern flank of the present 
Lassen Peak, but there has been considerable tilting and faulting in 
the vicinity, and it may be that the crater actually lies beneath the 
summit of the peak, the peak itself representing a plug dome or 
crater-filling. 

Since the contacts between the daeite flows and the andesites of 
the Brokeoff cone are nowhere to be seen, there is no means of deciding 
whether the new vent was opened by pyroclastic explosions or by a 
quiet process of Assuring. No basal tuffs have been observed and the 
lowest of the exposed daeite flows is devoid of andesitic inclusions. 

As might be expected from the location of the new vent, the dacites 
which were erupted from it flowed chiefly toward the north, extending 
as far as Manzanita Lake to the northwest and to the junction of Hat 
and Lost Creek valleys to the northeast. A few flows were directed 
southward, and possibly one of them extended as far as Black Butte 
four miles from Lassen Peak. The area at present occupied by these 
daeite flows,- to which the term pre-Lassen dacites may be applied, is 
about ten square miles. Formerly they may have covered more than 
twice this area, for they are almost entirely concealed in the region 
immediately to the north of Lassen Peak where they are mantled by 
thick deposits of later daeite tuffs, by the recent domes of the Chaos 
Crags, and by mud flows from Lassen Peak itself. 

Reference to the map (foil. p. 385) shows a series of radiating flows 
of the pre-Lassen dacites. All these lavas are glassy and character
ized by strong flow-structure, and some flows, particularly toward 
their source, exhibit beautiful columnar structure. In marked con
trast to the dacites of the later domes, most of these are practically 
devoid of basic inclusions. When struck with the hammer they gen
erally break with a dull thud and expose a pale gray, minutely 
vesicular interior, but on the surface they are usually glistening and 
black owing to a thin superficial film of glass. 

The oldest of these pre-Lassen dacites are to be seen to the west of 
Manzanita Lake whence they extend southward for two miles toward 
Loomis Peak and westward toward Viola. Within the area depicted 
on the map, these flows dip to the west and southwest at angles of 45° 
or more, but elsewhere the dip flattens rapidly, and it is not improb
able that this local steepening of the dip is related to recent tilting. 
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Lithologically, the Manzanita Lake lavas differ from the later daeites 
only in their greater development of spherulitic structures. 

The best exposed of the pre-Lassen dacite-flows is that which runs 
northeast from "the Saddle," past Paradise Meadows, and along the 
eastern margin of the "Devastated Area." This flow is about three 
miles in length and averages a little more than half a mile in breadth, 
but its snout is buried beneath the glacial drift of Dersch Meadows. 
A stumpy flow branched from this main stream toward Upper Kings 
Creek Meadow and stopped abruptly with a steep front about 150 
feet in height. The dacite forming these two flows is so vesicular in 
places that it resembles a banded pumice. Except near Shadow Lake, 
the dips rarely exceed 10° away from the vent; there, however, the 
dips reach 20°, probably owing to tilting caused by the protrusion of 
the White Mountain dome. Both flows pass westward beneath the 
great talus banks of Lassen Peak. Thereabouts the northern margin 
of the flows is determined by an arcuate fault, whereby the columnar 
habit of the rocks is fully revealed in a line of high cliffs. Probably 
this faulting is genetically related to the protrusion of the Lassen 
dome. Lithologically, these daeites are typified by the abundance of 
large phenocrysts of glassy feldspar, prisms of hornblende, many half 
an inch in length, and flakes of brown biotite. 

Somewhat similar gray and black, banded daeites occur in a flow 
on the northern flank of Lassen Peak, descending to Lost Creek. On 
the south side of Crescent Crater they are inclined at high angles and 
are locally vertical, suggesting that they have been upturned against it. 

A fourth flow is traceable along the southwest flank of Lassen 
Peak, encircling Eagle Peak, a dome of dacite protruded through it, 
and terminating at the Crescent Cliffs. At the latter locality, the lavas 
carry plentiful hornblendic inclusions and are exquisitely banded in 
purple and gray. Figures 35 and 41 illustrate the strong columnar 
jointing of these daeites. The steep, west face of the flow has the 
appearance of a recent fault scarp. 

The last of the pre-Lassen daeites, and for that reason, the one 
which most closely resembles the lava of Lassen Peak itself, forms the 
upper part of Loomis Peak. Were it not for the prominence of its 
flow-banding and the development of columnar structure, it would 
indeed be difficult to distinguish the Loomis from the Lassen Peak 
daeites. Both are pale gray, pink weathering lavas, rich in por-
phyritic feldspar, hornblende, and mica, with lesser amounts of pyrox
ene and quartz, set in a glassy matrix. Both are abnormally charged 
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with basic, chiefly hornblendic inclusions, usually of subangular form, 
some of which attain a yard in length. At the summit of Loomis Peak, 
these inclusions may actually constitute half the bulk of the rock. 
On the broad and even dip-slope of the peak, the dacite, owing to the 
ready liberation of the feldspars from the glassy groundmass, weathers 
to a deep, sandy, and gravelly soil, but on the eastern face of the 
peak, in the cliffs overlooking the head of Manzanita Creek, the lavas 

Fig. 35. The dacite dome of Eagle Peak, protruded through columnar 
pre-Lassen dacite. Lassen Peak in background. 

are revealed to a thickness of about 1000 feet, where they rest on black 
dacites that appear to correspond to those of the Crescent Cliffs. At 
the western base of Loomis Peak, at an elevation of about 7000 feet, 
the dacites overlie a poorly exposed flow of vesicular, glassy, augite 
basalt, heavily charged with large phenocrysts of basic labradorite 
and bytownite. Nothing else is known regarding this basalt whose 
source doubtless lies beyond the limits of the Park. 

Finally, a flow of black, vesicular, glassy dacite, carrying both 
pyroxenic and hornblendic inclusions, is exposed on the western flank 
of Black Butte, near the head of Mill Creek. The maximum thickness 
of this flow is 150 feet, but it thins rapidly to the south, in which 
direction it dips at an angle of about 10°. If this dacite was erupted 
from the pre-Lassen crater, it is clear that the eruption must have 
occurred before the downfaulting of the Brokeoff caldera and must 
have been followed by the last outpourings of andesite from the 
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Brokeoff vent. For the present, however, the matter must remain in 
doubt. Associated with this dacite, are cream colored dacite tuffs and 
tuffaceous silts, possibly laid down in water. 

Microscopical petrography— 
It will be best to consider the lavas in their proper age-sequence 

commencing with those about Manzanita Lake and to treat the basic 
inclusions separately. 

Manzanita dacites 
No lavas in the Lassen region are more strongly banded or richer 

in spherulites than these. Nodules and lithophysae are, however, 
absent. Indeed it is worthy of note that despite the extensive develop
ment of glassy lavas in the Lassen area nodular flows find no place. 
The approximate content of a typical Manzanita dacite is as follows: 
glass, 60 per cent; phenocrysts of andesine, 25 per cent; hornblende, 
10 per cent; and biotite, 5 per cent. Accessory constituents include 
orthoclase, hypersthene, magnetite, and apatite, and very rarely 
quartz. The glass is streaked in shades of gray and is crowded with 
hair-like trichites, possibly incipient needles of feldspar and horn
blende, accentuating the lines of flow. That the glass is distinctly acid 
is suggested by its refractive index, 1.488 ± .002, which corresponds 
to that of an acid rhyolite. The spherulites appear brown by trans
mitted light and white by reflected light, and though occurring singly 
up to 5 mm. in diameter, they are generally gathered in irregular 
clusters, as illustrated in figure 36 6. They are too dense for accurate 
identification, but appear to be cryptographic intergrowths of quartz 
and feldspar; some exhibit a radial structure due to the alignment 
of dark trichites, while others also display a rudely concentric banding 
that results from local segregation of iron pigment. Generally, how
ever, the spherulites are devoid of structure, appearing merely as 
yellow and brown "blotches" in the paler base. Occasionally the 
flow-lines of the dacite pass uninterruptedly through the spherulites 
which are scattered irrespective of the phenocrysts. 

Of the porphyritic constituents, andesine is by far the most plenti
ful. The dominant variety has the composition Abri5An45, but the 
complete range of the feldspars is from acid andesine to acid labra-
dorite. Many of the phenocrysts are strongly zoned, but in general 
zoning is less pronounced than in the dacites of the later domes. In 
size, the crystals seldom exceed 1 mm. and most are very finely twinned 
on the albite plan. Compared with the feldspars in the domical dacites, 
these are poorer in glassy inclusions and are somewhat less corroded. 



Fig. 36. Hyalodacites from Loomis Peak and Manzanita Lake, with basic inclusion from former. A. Horn
blende dacite, summit of peak (271a). Corroded phenocrysts of medium andesine rich in glass inclusions, 
green hornblende and accessory hypersthene and magnetite in a glass base charged with trichites. Crystal 
cluster near top is part of a basic 'secretion. ' B. Spherulitic dacite, one mile south of Manzanita Lake (268). 
Porphyritic hornblende and andesine. C. Basic inclusion from A (271). Phenocrysts and microliths of basic 
andesine, with intersertal granules of hornblende and augite and accessory hypersthene in a glassy matrix, x 26. 
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Poorly terminated prisms of hornblende are dispersed haphazard, 
or, like the feldspars, may be gathered in glomeroporphyritie clusters. 
The mineral is either greenish or yellowish, the former predominating. 
While the green hornblende shows a pleochroism from pale yellowish 
green, X, through yellow green, Y, to dark greenish brown, Z, and has 
an extinction angle, ZAc, of 10°, the yellow hornblende is pleochroic 
from gold, through brown to russet, and extinguishes straight. Pre
sumably the latter has suffered reheating. Both types may enclose 
small flakes of brown biotite. Where mica is abundant, pyroxene is 
absent. 

The scarcity of hypersthene and general absence of augite in the 
Manzanita dacites distinguishes them from the later flows, and it is 
likely that if they were analyzed they would be found to be richer in 
silica, alumina, and alkalis. According to Iddings' classification, they 
would probably fall among the unguaites rather than among the 
shastaites, despite the fact that oligoclase is not the dominant feldspar. 
Many of the later dacites, particularly those of Lassen Peak, are 
transitional into andesites, and it is frequently a matter of no small 
difficulty to decide whether a given section belongs to the one type or 
the other, even though the sections be taken from closely adjacent 
parts of the dome. 

Flow east of the devastated area 

Fresh, colorless glass makes up from 50 to 75 per cent of the bulk. 
I t is invariably cracked perlitically and charged with crowds of trich-
ites, while occasionally minute, negative spherulites of quartz and 
feldspar may be distinguished. Plagioclase is again the chief pheno-
cryst ranging from medium andesine to basic oligoclase (generally 
Ab0t- to Ab70). A few crystals are 5 mm. long, but almost all are merely 
chips strewn along the flow-planes. Fracturing of the feldspars is 
indeed one of the most striking features of these lavas, for even the 
smallest fragments are cracked. In addition, the feldspars are always 
rounded by corrosion, and zonally arranged inclusions of glass are 
ubiquitous. Small prisms of hornblende may also be enclosed within 
the feldspars. 

Green and brown hornblende each form about 2 per cent of the 
rock, and generally appear to be free from the effects of reheating, 
though a marginal separation of magnetite may be seen occasionally. 
Pyroxene varies in amount up to 5 per cent, well formed crystals of 
hypersthene predominating over ragged granules of pale green augite. 



Fig. 37. North-south section through Lassen Peak and the Brokeoff caldera. 
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Even in a single section, it is often possible to note a few horn-
blendic "c lo t s" made up of laths of brownish green hornblende and 
of basic andesine in a glassy base. These lesser clots merge indefi
nitely into the enclosing lava, whereas the larger inclusions occur as 
discrete bodies, sharply defined, suggesting that they were already 
almost in the solid state before they were picked up by the dacite, 
perhaps representing fragments torn from the marginal crust of the 
magma reservoir during extrusion. The minute hornblendic clots, on 
the other hand, may represent early crystallized material that was 
floating in the magma immediately prior to expulsion. 

Flow ivest of the Devastated Area 

Isolated exposures of black, glassy dacite occur on the flanks of 
Crescent Crater and between it and the Chaos Crags, seeming to 
indicate a flow parallel to that just described. Two micrometric 
analyses of these dacites reveal the following results: 

Per cent Per cent 
Glass base 70 60 
Plagioclase 22 30 
Hypersthono 4 5 
Hornblende 2 3 
Biotite 0.5 0.5 
Magnetite 1 1.5 
Augite 0.5 

The glass base is strongly banded in black and gray owing to unequal 
segregation of iron ore dust and is locally spherulitic. Most of the 
plagioclase phenocrysts have the composition Ab70An30 but the range 
is from basic oligoclase to medium andesine. Orthoclase has not been 
recognized, though the possibility of its occurrence as a minor acces
sory is not denied. All the feldspars are intensely cracked, and most 
are rounded and embayed by corrosion. Even in the same section, 
however, certain crystals of feldspar are water clear and devoid of 
glassy inclusions, while others are almost completely filled with glass 
and dust. A few feldspars are 5 mm. long and most exceed 1 mm. 
Unlike the plagioclase in the Manzanita dacites, these are often either 
untwinned or singly twinned on the albite plan, pericline twinning 
being rare. 

Hypersthene occurs in poorly terminated prisms or as ragged 
granules, seldom more than 0.5 mm. long and 0.1 mm. broad, and to 
judge from its marked pleochroism the mineral is distinctly ferrifer
ous. The hornblende is either the ordinary green variety or the 
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reheated basaltic type as in the Manzanita flows. The biotite is gen
erally red brown and the augite pale green. Porphyritic quartz is 
wanting. 

Except that the plagioclase is more basic in the Lassen daeites, 
the rocks bear a general resemblance to the hypersthene daeites of 
Santorini. 

Crescent Cliffs flow 
The daeites of this flow differ from those previously described in 

the fact that biotite is the dominant ferromagnesian constituent, 
locally making up 7 per cent of the bulk, while hornblende rarely 
forms more than 2 per cent. An interesting feature of the biotite in 
these lavas is that within a single specimen some flakes have a 2V of 
only 3° while others have a 2V of 15°. Both varieties seem to have 
suffered reheating, for they are invariably bordered by magnetite. 
Apparently separation of magnetite may begin before the optic axial 
angle is seriously widened. Apparently also closely adjacent flakes of 
biotite may suffer to a very different degree from reheating. Usually, 
about half the Crescent Cliff lava consists of an acid, colorless glass 
and 40 per cent is composed of chips and rounded phenocrysts of 
andesine, comparatively poor in glassy inclusions, and only slightly 
zoned. From the manner in which the small fragments of feldspar 
are strewn along the flow-planes, even in specimens taken from Eagle 
Peak near the vent, it is probable that the crystals were already 
fractured prior to eruption. 

One other feature calls for notice. Occasionally small, rounded 
crystals of quartz are to be found in the Crescent Cliffs dacite, but 
they are extremely rare, especially if their number be compared with 
that in the daeites forming the later domes. Lacroix observed that 
the lavas in the core of the dome of Mont Pelee were rich in quartz, 
while those in the quickly-chilled carapace were devoid of that min
eral, but in that case the formation of quartz resulted from the action 
of mineralizers under pressure upon already consolidated rocks. 
Among the Lassen daeites the case seems to be different, for the quartz, 
both in the flows and in the domes, appears to be porphyritic, that is, 
it crystallized directly from the magma. Presumably the dacite of 
the flows was much more fluid than that forming the steep-sided 
domes and it is likely that the greater fluidity of the flows was due 
to a higher content of volatiles. Certainly it cannot be attributed to a 
higher temperature, for the phenocrysts show less evidence of reheat
ing than do those of the domical daeites, nor can it be referred to differ-
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ences in composition, which are probably very slight. I t may be that 
the greater development of porphyritic quartz in the lavas of the 
domes is to be explained by the more advanced crystallization of the 
magma before extrusion and to a slower rate of cooling. 

Loomis Peak flow 
The black, columnar dacites were succeeded, as before mentioned, 

by lavas that differ from those of Lassen Peak chiefly in the promi
nence of their flow-banding. From the earlier dacites, they are dis
tinguished principally by their high content of basic inclusions and 
by their pink color, due to deeper oxidation. Again glass is the dom
inant constituent, forming from 55 to 60 per cent of the whole, with 
porphyritic andesine next in abundance, constituting 30 to 35 per cent, 
in rounded, glass charged crystals up to 4 mm. long (fig. 36 a). The 
hornblende is olive green to brown and has an extinction angle, 
Z A c of 14°. Some prisms are bordered by magnetite and contain 
minute inclusions of brown biotite. Hypersthene is sparingly devel
oped, generally in clusters, suggesting early segregations. Biotite is 
extremely rare and though bordered by magnetite in most instances, 
is pseudo-uniaxial. Augite and olivine are absent though they are 
common in the basic inclusions to be described below. 

Black Butte flow 
This is a hornblende-mica dacite similar in most respects to the 

pre-1915 dacite of Lassen Peak. Both the hornblende and mica are 
partly or wholly resorbed, and the smaller crystals are generally para-
morphed by magnetite; moreover, the accessory pyroxene is also 
largely replaced by magnetite. Large, zoned phenocrysts of andesine, 
rich in inclusions of glass, gas, and fluorite are plentiful, and rounded 
grains of quartz are rarely wanting. The matrix consists of glass 
crowded with magnetite dust and microlithic andesine. 

Basic inclusions in the dacites— 
In general, these become increasingly common in the younger flows, 

reaching their maximum development in the dacite domes and in the 
post-Lassen dacites that form Crescent Crater. They vary in size 
from ill-defined clots only visible under the microscope to sharply 
bordered nodules a yard or more in length, and all are characterized 
by their fine diabasic or lamprophyric textures, by their calcic nature 
and vesicular structure. In Lacroix's classification they would be 
termed enclaves homoeogenes, generally plesiomorphic and rarely 
allomorphic. Indeed, they present close analogies to the enclaves so 



Fig. 38. Three sections through Lassen Peak and vicinity. 
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fully described by Lacroix from Mont Pelee and by Brouwer from the 
Ruang dome in the Sangi Islands and the Galunggung dome of Java. 
Like the latter inclusions, those of the Lassen region appear crystalline 
in hand specimens but are seen under the microscope to contain an 
abundance of interstitial glass. 

That the inclusions represent early crystallizations from the 
magma is suggested at once by the fact that they never contain biotite 
or acid plagioclase, being composed rather of the earlier members of 
the reaction series. "Without discussing the matter further at this 
point, it may be said that the inclusions differ from the enclosing 
dacites chiefly in their higher content of alumina, iron, and lime, and 
lower content of alkalis. Speaking broadly, they may be divided into 
two types, namely those having hornblende and those having augite 
as their dominant ferromagnesian constituent. Again, it is generally 
the case that among those dacites rich in hornblende and mica, the 
inclusions are hornblendic, while among the dacites that carry much 
pyroxene, the inclusions are essentially augitic. There are, however, 
many exceptions to these generalities. Wide variation in the char
acters of the inclusions are only to be expected, for it can hardly be 
doubted that in local parts of the magma reservoir the conditions of 
crystallization were very different. Local concentration of volatiles 
or slight differences of temperature and rate of cooling would thus 
lead to the formation of different crystal assemblages. Moreover, the 
nature of the inclusions would be largely determined by the stage 
to which crystallization and reaction had advanced in the magma 
prior to eruption. Conceivably, augite-rich clots might have been 
developed in parts of the magma and for various reasons have escaped 
further reaction with the melt, but nowhere did the augite crystals 
grow to large dimensions before they were enclosed by rims of horn
blende. Elsewhere hornblende was developed to the entire exclusion 
of augite. 

Bowen has pointed out experimentally that if a crystallizing 
solution be stirred 
the later member grows as separate crystals and one can see under the microscope 
these crystals growing larger while the crystals of the earlier member grow smaller 
(pass into solution). The cause of the difference between stirred and unstirred 
masses is no doubt the fact that stirring brings in small crystals of the later 
member from the colder marginal parts of the solution where crystallization is 
farther advanced and these crystals act as nuclei for the growth of crystals of the 
later member. In the absence of these nuclei the later member precipitates 
rapidly from the layer of solution immediately surrounding (and saturated with) 
the earlier member, which layer is supersaturated with the later member. 
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Hence Bowen28 concludes that 
the likelihood of corona formation should increase with rapid cooling-, for under 
such conditions there is less opportunity for nuclei of a later member of a reaction 
series to be brought in (by convection currents, gravity or otherwise) from 
adjacent parts of the crystallizing mass Per contra, slow cooling tends 
to . . . . give separate crystals of the later member rather than zones of the 
later member about the earlier. 

From this evidence, it may be postulated that the magma from 
which the Lassen inclusions were formed had undergone slow cooling 
for a considerable period and that it had probably been influenced to 
some degree by stirring, for pyroxene-rich inclusions are scarce by 
comparison with those of hornblendie character. In the ease of those 
inclusions devoid of hornblende, it may be supposed that crystalliza
tion had not proceeded far before the magma was extruded and 
quenched, a suggestion borne out by the fact that the augite is only 
developed as minute granules and is accompanied by feldspars that 
are much smaller than those in the hornblendie inclusions. Inclusions 
rich in olivine or hypersthene are absent; indeed where the former is 
present it is accompanied by augite without the intermediate hyper
sthene, possibly due in part to the richness of the inclusions in lime 
and alumina. I t is noteworthy also that the augite is generally a pale 
green, ferriferous variety. 

We may now proceed to a discussion of the microscopic features 
of the inclusions. A typical specimen, collected from the biotite-rich 
dacite of Crescent Cliffs, has the following composition: laths of 
plagioclase, 45 per cent; brown hornblende, 30 per cent; glass base, 
30 per cent, and the remainder, magnetite. Its texture corresponds 
almost exactly with that of the hornblendie inclusions in the dacites 
of the Chaos Crags and Raker Peak (fig. 59a). Feldspar and horn
blende crystals interpenetrate haphazard, suggesting simultaneous 
formation. The former rarely exceed 1 mm. long and vary from 
0.5 mm. to 0.1 mm. in breadth. Generally they are only twinned 
singly on the albite plan, but man}' are untwinned. In composition, 
they range slightly about medium labradorite. The hornblende is 
characteristically developed as ragged, aeicular crystals, either bor
dered or wholly replaced by magnetite, their size being like that of 
the feldspars. The pleochroism is: 

X ¥ z 
pale green gold red brown 
pale greenish yellow gold deep russet 

2 8 Bowen, N. L., The evolution of the igneous rocks (Princeton Univ. Press, 
1928), p . 58. 
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Extinction is straight and the birefringence about .050, conforming to 
basaltic hornblende. The interstitial glass is colorless or pale brown 
and appears to have had little corrosive effect on the crystals of feld
spar and hornblende. 

An inclusion, somewhat similar to the above, though finer-grained, 
has been depicted elsewhere29 from the black dacite at the ' ' Saddle.'' 
In this occur a few rounded grains of augite up to 0.5 mm. in diam
eter, enclosed by reaction rims of brown hornblende, and also a minute 
grain of olivine, surrounded first by augite and then by hornblende. 
Here also may be found rare prisms of hypersthene. Noteworthy, 
too, is the occurrence of green hornblende with an extinction, Z/\c 
of 10°, accompanying the brown, basaltic variety, and of occasional 
stumpy phenocrysts of labradorite differing from the normal acicular 
feldspars in their high content of glass. Lacroix30 has described 
inclusions of this general type among the trachytes of Mont Dore. 

Contrasted with the hornblendic inclusions are those rich in augite 
which may be found among the dacites of Loomis Peak. In these, 
glass may constitute more than half the bulk, basic andesine and acid 
labradorite microliths make up 25 per cent, and the remainder con
sists of olive green granules and needles of hornblende, pale green 
granules of augite, and magnetite. With the exception of a few zoned 
phenocrysts of basic andesine, the feldspar crystals, as in all the 
inclusions, are of remarkably uniform dimensions, though here they 
measure only 0.1 mm. by 0.025 mm. They are oriented in all direc
tions and are cut capriciously by the acicular hornblende. Some 
residual olivine and a few prisms of hypersthene are also present, 
but the latter is far subordinate in amount to the augite, whereas in 
the enclosing dacite the reverse holds true. Magnetite crystallized 
from first to last. The texture of these augite-rich inclusions is illus
trated in figure 36c. 

I t will be seen from the above descriptions, that in the inclusions 
the hornblende usually develops in slender prisms, elongated parallel 
to the vertical axis. In the enclosing dacites, on the contrary, the 
mineral is characteristically present in short, stumpy crystals. More
over, in the former the brown basaltic variety predominates, whereas 
in the dacite the normal green type is typical. Marginal separation 
of magnetite is also best developed in the inclusions, though no cases 
have been noted comparable to those studied by Lacroix among the 

20 Williams, H., op. cit., p. 392, 1931. 
oo Lacroix, A. Les enclaves des roches volcardques, pp. 339-69. 
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inclusions of the Pelean lavas, namely the conversion of the horn
blende into "c indery" masses of olivine, augite, and magnetite. 
Possibly the reheating of the Lassen inclusions was less intense than 
in the case of the Pelean specimens and presumably there was also less 
reaction between the hornblende and the adjacent feldspars. Writing 
of the andesites that form the domes of Ruang and Galunggung in the 
East Indies, Brouwer31 remarks that where hornblende is present in 
the inclusions it is likewise partly or wholly resorbed. At Ruang and 
Galunggung, olivine and amphiboles are the characteristic minerals 
of the inclusions, while augite and hypersthene are typical of the 
andesites, from which Brouwer deduces that the magma beneath these 
volcanoes must have crystallized in the presence of considerable vola-
tiles so as to yield a dioritic or gabbroid crust, beneath which lay hotter 
and more fluid material capable of forming plagioclase, hypersthene, 
and augite. On eruption, the underlying magma carried with it frag
ments of the microgranular and coarse-grained roof. For him, there
fore, the pyroxene andesite was derived from the hotter parts of the 
magma, where the pressure and the content of volatiles were less than 
in the hornblendic, marginal parts of the reservoir. The brown am-
phibole of the Ruang inclusions, like that of the Pelean inclusions, is 
commonly resorbed in such a way that pyroxene and feldspar are 
developed along its rims, but at Lassen this reaction has not been 
observed. A feature common to all the inclusions, however, is the 
paucity of zoning in the feldspars, compared with its abundance in 
the feldspars of the enclosing lavas. Perhaps slow crystallization of 
the marginal parts of the magma permitted complete reaction between 
the feldspars and the melt, and it is also probable that freer move
ments of the growing feldspars within the interior of the magma 
reservoir facilitated the development of oscillatory zoning. 

Summary concerning the pre-Lassen dacites.—The lavas erupted 
from the pre-Lassen crater were extremely fluid, gas-rich flows and 
are characterized by a high content of glass. Porphyritic quartz is 
extremely rare but large, zoned crystals of plagioclase are always 
plentiful. Most of the dacites have hornblende and mica as their 
chief ferromagnesian constituents but in some hypersthene predom
inates. Basic inclusions, though present in all the flows, become 

31 Brouwer, H. A., Sur les domes volcaniques des voleans actifs de l'Arehipel 
Malais, Zeitschr. fur Vulkanologio, vol. 6, pp. 37-46, 1921. Also Geologisehe 
Onderzoekingen op de Sarigi-Eilanden en op de Eilanden Ternate en Pisang, 
'Sgravenhage Landsdrukkerij, 1921. Also Crystallisation and resorption in the 
magma of the volcano Ruang (Sangi Islands), Proe. kon. Akad. v. Wetensch., 
Amsterdam, vol. 23, p. 561, 1920. 
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increasingly common among the later lavas, until in the topmost dacite 
they may constitute half the bulk. Essentially, these inclusions con
sist of resorbed, basaltic hornblende, labradorite, magnetite, and glass, 
but a few also contain much augite. Apparently, they represent frag
ments torn from the crust of the magma reservoir by the rising dacite 
and perhaps their greater number in the later flows implies more 
advanced crystallization prior to extrusion. Finally, it is deserving of 
emphasis that the pre-Lassen daeites resemble those of Lassen Peak 
itself more and more closely as one passes upward from their base, a 
phenomenon that lends support to the supposition that Lassen repre
sents the upheaved crater-filling of the vent from which the pre-Lassen 
daeites were erupted. 

LASSEN PEAK 

The great dome of Lassen Peak towers conspicuously above the 
cluster of minor domes on its south and northwest sides; elsewhere 
its slopes sweep down with diminishing angle to the valleys of Hat 
and Lost creeks. Approximately, the mountain has the form of a 
truncated pyramid owing to the enormous banks of talus which 
encompass it. Photographs alone serve to give an adequate concep
tion of the magnitude of these rock-slides, some of which have a fall 
of more than 3000 feet (fig. 39). Although the steep-sided core of 
the mountain probably covers only about one square mile, the apron 
of talus extends over twice that area. Here and there, especially on 
the south and east flanks, high crags of solid dacite rise through the 
talus, but these are of small proportions compared with the volume 
of loose detritus. In this respect, as in many others, the dome of 
Lassen Peak is strikingly reminiscent of the famous Puy de Dome 
of the Auvergne, and to a lesser degree it recalls the dome of Mont 
Pelee as seen from the valley of the Riviere Blanche. I t must be 
emphasized at once that the great talus banks encircling Lassen are 
almost if not entirely due to the fracturing of the dome during its 
actual emplacement. Possibly pyroclastic eruptions contributed to 
their development, but if so the explosions must have been compara
tively mild for no dacitic ejecta are to be found strewn about the 
adjacent region. 

No geologist can ascend Lassen Peak or spend even a short time 
on its flanks without being impressed by the almost complete lack of 
any definite or regular structure within its solid portions. From a 
genetic point of view, this is surely the most significant feature which 
the mountain presents. Mont Pelee and the Puy de Dome are like-



Fig. 39. Southeast flank of Lassen Peak, showing the great banks of talus. Photo. 15th Photo. Section, Air Corps, 
U. S. Army, Crissy Field, San Francisco. 
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wise almost structureless; so also are most of the minor domes of the 
Lassen region. It may therefore be affirmed at the outset that Lassen 
Peak represents a viscous protrusion of lava through an old vent. 

Excluding the products of the 1915 eruptions, the exposed parts 
of the mountain consist of a pale gray or pink hornblende-mica dacite, 
with more or less pyroxene, abnormally rich in dark, purplish inclu
sions. I t requires careful search to detect traces of flow-banding, 

Fig. 40. The smooth cliffs on the south side of Lassen Peak. 
Height of cliffs, about 500 feet. 

and it is not possible, except in a few places, to recognize any uniform 
orientation of the dark inclusions. Locally a crude banding is sug
gested by sub-parallel layers alternately rich and poor in inclusions, 
or by streaks of auto-brecciated lava. The latter consists of dacite 
crowded with angular fragments of similar material, and suggests the 
upwelling of fresh magma between blocks that had already solidified, 
a process which Lacroix describes as having occurred on a large scale 
during the rise of the dome of Mont Pelee. Whatever the cause of 
the obscure banding in the Lassen dome, the flow-planes either lie 
horizontally, dip outward at low angles at the margins, or, more com
monly, dip inward, the angle of dip generally increasing toward the 
core of the protrusion. At a distance, however, the rocks might well 
be mistaken for coarse, unbedded volcanic breccia, or even for granite 
heavily charged with basic inclusions. 
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If the flow-structure be considered vague, the joint system is no 
less obscure. I t is true that vertical joints predominate far over all 
others, but the orientation of the joint-planes appears to be quite 
haphazard, just as it is in the domes of White Mountain and the 
Chaos Crags. In the smooth, high cliffs on the south side of Lassen, 
a familiar landmark to climbers ascending from Lake Helen (fig. 40), 
the joint-planes are slightly convex outward. At first, the cliffs rise 
vertically from the talus, but upward they bend and slope toward the 
summit so that, if viewed in profile, they appear to bulge. A brief 
examination suffices to convince one that the smoothness of these 
cliffs is not attributable to glacial polishing, for the faces are striated 
and fluted vertically. Proof is impossible, but the impression one 
gains is that these are original faces of the dome, and that their 
smoothness and fluting may be the result of friction and polishing of 
the solid or almost solid crust of the mass as it was propelled to the 
surface. In other words, these smooth cliffs are similar in mode of 
origin to the polished face of the spine that rose from the summit 
of the Pelee dome and to the abraded faces of the Metcalf dome of 
the Bogoslof Islands. Indeed, we may suppose, as did Jaggar32 from 
his study of the Metcalf dome, that the dome of Lassen Peak rose 
through a more or less circular orifice, "squeezed out, like paste from 
a tube, in a semi-plastic condition." To a certain extent, it grew 
endogenously, that is by expansion from within, and in a measure it 
was built up by sluggish outpouring of lava through countless fissures 
in its upper crust. Perhaps, during its growth, the summit bristled 
with evanescent spines, pushed upward in a virtually solid state and 
continually crumbling to augment the encircling banks of detritus. 
All these were part of the modus operandi in the ease of the Pelee 
dome; they were also processes witnessed during the recent growth of 
the dome of Santa Maria in Guatemala. Both these last named domes 
rose into old craters. In discussing the pre-Lassen dacite flows, it 
was pointed out that their dips suggest a vent on or near the site of 
Lassen Peak. Moreover attention was drawn to the fact that the latest 
of the pre-Lassen flows, that forming Loomis Peak, differs from the 
dacite of Lassen itself only in the prominence of its flow-banding. 
For these reasons, it is inferred that the Lassen dome also represents 
a crater-filling. If this is so, then the volume of the solid core of the 
dome elevated above the old crater wall must be about half a cubic 

3= Jaggar , T. A., Technology Review, vol. 10, pp. 1-37, 1908. Also in Bull. 
Am. Goog. Soc, vol. 40, pp. 385-400, 1908. 
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mile and its height some 2500 feet, and if to this solid core we add 
the volume of the talus and the deposits of old mud flows from Lassen 
Peak, the total amount of daeite protruded from the crater approxi
mates a cubic mile. 

I t may be said that the above-mentioned criteria are inadequate 
to prove the supposed mode of origin of Lassen Peak. But while 
admitting the inconclusive nature of the evidence, it is difficult to 
conceive of any other process that will satisfactorily explain the for
mation of this almost structureless pile of daeite surrounded by out
wardly dipping flows of similar composition. As to the force neces
sary to build up such a large, steep-sided protrusion, we must suppose, 
as Day and Allen have already done in seeking a cause for the rise 
of the 1915 lava into the summit crater of Lassen, that it was pri
marily the crystallization and consequent increase in vapor tension in 
a subjacent body of magma. Manifestly, the daeite of the dome was 
poor in volatiles compared with the fluid, pre-Lassen dacites; it was 
the dryness of the melt that made it so viscous. Nevertheless, gases 
were present in considerable amount and their upward streaming may 
have been a contributing factor to the rise of the mass. Certainly, 
there is no evidence that the rise of Lassen Peak was in any way 
owing to tectonic disturbances, that is, to a sort of compensatory 
upwelling of magma to balance some change of load in the adjoining 
region. 

On a priori grounds, it may be supposed that the core of Lassen 
Peak remained viscous long after the margins had solidified, and that 
this inner portion is probably more vesicular and contains more gas 
than the peripheral parts. I t may be that during the rise of the dome 
there was throughout an ill-defined, central conduit. The activity 
of 1914—1915, to be described in the sequel, merely consisted of the 
reheating and uplift of the conduit lining into the summit crater. 
In effect, therefore, the recent activity was a miniature copy of the 
rise of Lassen Peak itself into the pre-Lassen crater. 

There is ample evidence that the formation of Lassen Peak was 
attended by extensive mud flows, much larger in extent than those 
which accompanied the rise of the lava in 1915. These earlier mud 
flows issued entirely from the northeast flank of the dome and fol
lowed the same course as the major flows of 1915, namely along Hat 
and Lost creeks. Indeed, the deposits of some of these old mud flows 
are fully revealed in moraine-like mounds on the banks of the latter.33 

33 Illustrated in fig. 26 of Loomis' book, op. cit., 1926. 
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From the condition of preservation of tree trunks buried in these 
deposits and recently unearthed by stream erosion, Finch34 believes 
that in addition to those of 1915 there must have been one or more 
mud flows from Lassen within the last 500 years. The lack of bedding 
and the chaotic assemblage of large and small blocks in a gravelly 
or sandy matrix give the deposits a strong similarity to morainic 
detritus, but much of the material is considerably water-worn. Large 
mud-flow deposits are also to be seen to the east of the "Devastated 
Area" of 1915, as indicated on the map (foil. p. 385). 

One other feature of Lassen Peak calls for mention. On its 
southeast side, the long talus banks terminate against a crescentic 
ridge of dacite blocks, possibly piled up against the rim of the pre-
Lassen crater or along a concentric fault scarp. 

Compared with the rate of growth of such strato-volcanoes as the 
Brokeoff cone, built up by repeated eruptions from a central vent, 
that of volcanic domes is phenomenally rapid, as witnessed by the 
history of Mont Pelee and Santa Maria.35 By analogy with the 
observed rate of protrusion of these two domes, the surprising con
clusion is reached that Lassen Peak itself may have attained its pres
ent elevation within a period of about five years, provided, as seems 
likely, that the uplift was a continuous process and not interrupted 
by long periods of quiescence. 

The eruptions of 1914-1915— 

The admirable memoir by Day and Allen and the well illustrated 
account by Loomis concerning the recent activity make it unnecessary 
to do more here than summarize the main events. 

Condition of the crater prior to the eruptions.—The following is 
an excerpt on this subject from Day and Allen's report: 

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 
enclosing parapet which faced north was never free from snow. 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 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 

3* Finch, R. H., Volcano Letter, No. 237, July 11, 1929. 
35 Sapper, K., Die vulkanische Tatigkeit in Mittel-Amerika im 20. Jahrhundert. 

Zeitschr. fiir Vulkanologie, vol. 9, pp. 156-203, 1926. 
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of 40 feet or more each 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. 

Viewed from the west, the notch in the crater rim was most pro
nounced (fig. 41) ; the notch on the east rim was, however, compara
tively small. The diameter of the original crater bowl was about 
1000 feet. 

Pyroclastic explosions.—Activity commenced on May 30, 1914, 
with a short and mild eruption. On the following day a new vent, 
measuring 25 by 40 feet, was found to have been formed a few hun
dred feet northwest of the old crater lake. Two lateral fissures, each 
about 100 feet long, extended from this new vent in a more or less 
east-west direction. Apparently these were not due to the explosions 
themselves, but, according to Finch, they were on the line of an old 
superficial fracture. Day has pointed out that since the initial explo
sions were not of catastrophic character—as would certainly have 
been the case had vapor tension within the volcano gradually increased 
until the mountain could no longer withstand it—the resistance of the 
volcano to internal pressure may have been weakened from without, 
possibly by an earthquake. That no available record exists of such 
an earthquake is not to deny its occurrence. Once the cracks were 
formed, water was permitted to descend into the volcanic hearth in 
considerable quantities, and thereby an inert, undercooled magma was 
gradually revived, viscosity was diminished in the still fluid parts, 
crystallization was promoted, and therewith a rapid increase in vapor 
tension. Such is the process envisaged by Day. As more and more 
of the magma was thus brought into contact with descending water, 
so the intensity of the explosions continued to increase. The tem
perature of the explosions was never high; at no time during the first 
year of activity were red-hot rocks erupted, and most of the ejecta 
were even too cold to melt the snow upon which they fell. " I t would 
almost seem," writes Day, "as though the explosions of the first 
summer were altogether of the steam-boiler type without the partici
pation of fresh lava or more than insignificant quantities of the more 
active chemical ingredients." During the first year, there were more 
than 150 explosions, most of them mild, so that by March 1915 the new 
crater had been enlarged to a diameter of about 1000 feet. Some 
of the ejecta were blown to the southward as much as 15 miles, but 
the majority was scattered in a northeasterly direction, most of it 
in the form of dust. 



Fig. 41. Lassen Peak from tlie west prior to the 1914 eruptions. Shows the summit notch prior to rise of new lava. In middle 
distance, flow of columnar, pre-Lassen dacite. On right, dacite dome of Eagle Peak. Photo. M. E. Dittmar. 
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The eruption of lava and the mud flows of May 1915— 

During the winter of 1914-1915, the accumulation of snow on the 
mountain was unusually large, and it was possibly the spring melting 
of this snow that was the trigger action for the eruptions of May 1915. 
About May 16 or 18, a mass of black lava was seen to rise into the 
western notch in the crater rim over which it spilled on May 19 in the 
form of a tongue 1000 feet long. This was the first appearance of 

Fig. 42. Crater of Lassen Peak, October 11, 1914. 
Photo. B. F . Loomis. 

glowing lava since the activity began. What was happening mean
while on the east side of the mountain is not clear, but on the night 
of May 19 a devastating mud flow poured down the valleys of Hat 
and Lost creeks, carrying with it 20-ton boulders for a distance of 
five or six miles (figs. 43, 44, and 45). Three days later a second 
mud flow occurred in the same vicinity, accompanied by minor mud 
flows on the north and west flanks of the volcano. At the same time 
a terrific horizontal blast or nuee ardente of "moderately high tem
perature, heavily charged with dust and rock fragments,'' issued from 
the northeast flank of the cone, causing still further havoc along the 
upper reaches of Hat and Lost creeks (compare figs. 456 and c). 
So violent was this blast that trees situated many miles from the 
summit of Lassen Peak were uniformly felled so that their trunks 
were aligned in the direction of the onrushing cloud. Accompanying 
this horizontal blast, columns of steam and ash rose vertically from 
the crater of Lassen to a height of more than five miles. 
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Fig. 43. Looking northeast from Lassen Peak across the devastated area. 
B.M., Badger M t ; D.P., Divide (Baker) Peak; W.P., West Prospect; H.C., 
Hat Creek; P.P., Prospect Peak. 

Fig. 44. Log and rock jam in Lost Creek left by the great mudflow of 
May 19, 1915. Photo. B. F . Loomis. 
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What was the cause of the mud flows of May 19? Day attributes 
them to the melting of snow by a downward blast of steam, by rain, 
and hot ashes. Loomis and Finch, however, deny the occurrence of 
a hot blast on May 19. Moreover, Finch asserts, from experience of 
the pisolitic mud rains that attended the eruptions of Kilauea in 
1924, that had there been a heavy fall of rain on May 19 it would 
probably have been little warmer than ordinary rain. Besides, the 
melting of the superficial snow either by rain or by hot ashes might 
not precipitate an avalanche and mud flow, for the underlying snow 
would absorb the water like a sponge and thus prevent any run-off. 
Finch therefore puts forward an alternative hypothesis.30 From a 
careful study of a photograph, not available to Day when he wrote, 
taken by Loomis on the afternoon of May 22, a few hours before the 
second great mud flow, Finch is convinced that a long stream of lava 
had poured through the northeastern notch in the crater rim just 
as it did through the western notch. "The lava flow could easily have 
melted the snow down to the ground and have sent a stream of warm 
water under the snow lower down the slope. An avalanche mixed 
with hot rock could have been started in this way and might have 
produced a flood of the magnitude observed." When the horizontal 
blast of May 22 occurred the tongue of lava was torn away so that 
now only its roots are to be seen (fig. 45c). The course of this blast, 
as already noted, was approximately along the course of the earlier 
mud flow, but its swath was wider with the result that much fresh 
snow was melted and minor mud flows resulted. It will be seen from 
the foregoing that Finch admits the origin of the later mud flows, 
both those that descended Hat and Lost creeks and those on the north 
and west flanks of the volcano, to be the melting of snow by steam, 
rain, and ashes, but that he assigns the great mud flow of May 19 to 
the influence of a lava flow the occurrence of which is not admitted 
by Day. In support of Finch's conception, it should be stated that the 
amount of black lava detritus in the mud-flow deposits of Hat and 
Lost creeks is exceedingly large, and that if it were replaced inside 
the present crater of Lassen Peak, on top of the black lava which now 
fills it to the brim, it would form a dome of large proportions. But 
since no observer witnessed such a dome of lava on the summit of 
the mountain, there is only one other possible place from which the 
detritus could have come, namely from a lava tongue such as Finch 

so Finch, B, H., Volcano Letter, Nos. 224 and 266, April 11, 1929 and Jan. 30, 
1930. 
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Fig. 45. Lassen Peak from the northeast, a. Looking across Jason Meadow, 
1910. 6, Same viewpoint on May 22, 1915, after the great mudflow. 

Note tongue of lava near summit, c, Same viewpoint, 1925, 
showing changes subsequent to first great mudflow. 

Photos. B. F. Loomis. 
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has postulated. Coupling this evidence with the Loomis photograph, 
the case for a northeast lava flow seems almost proved. 

What was the temperature of the erupted lava? To this query 
Day has offered a carefully weighed reply. Considering the absence 
of any notable change in the character of the biotite in the dacite, he 
infers that " the lava could not have been heated above 850° C at 
any time after it approached the surface." Moreover, since "under 

Fig. 46. Minor mudflows on the west flank of Lassen Peak. 
Photo. B. F . Loomis. 

laboratory conditions 850° C seems the lowest temperature at which 
the material could be deformed without considerable fracturing," he 
does not consider that there was ever a true lava stream. At the 
temperature of red heat, the dacite must have been solid, not liquid. 

This lava of 1915 [he states] does not seem to have been a new magma erupted 
through an old conduit. I t seems more like an old conduit lining, which had been 
fissured and reheated by a fresh influx of juvenile gases from below until finally 
it acquired sufficient mobility to allow it to be forced upward by pressure 
I t seems probable that the upward movement of the crater plug may have been an 
abortive attempt at spine formation, but the power behind it was released pre
maturely through a weak spot in the eastern crater wall. 

The evidence seems convincing that the superficial parts of the lava 
as now exposed were not hot enough to permit of flow, but this does 
not preclude the possibility that the deeper parts of the lava were 
sufficiently viscous to enable the whole to move as a body under the 
influence of gravity. Manifestly, unless the western notch in the 
crater rim had been very materially widened and deepened before the 
lava rose into the vent, the dacite could not have reached its present 
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position without some downward movement. Similarly, if Pinch is 
correct in his supposition that a long tongue of lava was exposed on 
the northeast flank of the volcano prior to the hot blast of May 22, 
and unless the old notch on that side of the crater rim had also 
been greatly extended, then there, too, the lava must have moved for 
a considerable distance down the mountainside. But consider the 
alternative point of view. Consider a more or less cylindrical inner 
plug of lava, with a solid crust but viscous in depth, rising toward 
the fissured summit of a truncated cone. I t can hardly be denied that 
under those conditions and under the influence of attendant explo
sions, there was ample opportunity for enlargement of the old summit 
notches in the crater rim, thereby exposing the inner plug of black 
lava silhouetted against the sides of the cone like long tongues. This, 
as it seems to me, is Day's conception of what occurred. But if black 
lava really was exposed far down the northeast slope of Lassen from 
May 19 to 22, as seems probable, it must have been in the form of a 
superficial flow and not merely the face of an inner plug, for after 
the hot blast of May 22 the black tongue disappeared. 

Decline of activity, 1915-1917.—After the disastrous eruptions of 
May 1915, the energy of the volcano was largely spent and activitj' 
subsided. For two years, however, steam and ash eruptions recurred 
at irregular intervals, culminating in a burst of violent explosions in 
May and June, 1917, when, as Day observes, "considerable quantities 
of snow, accumulated during the previous winter, were again avail
able." The effect of the activity of these last two years was largely 
to modify the form of the crater by the development of new vents. 
Judged by the low temperature of the recent eruptions and the type 
of explosions, it can hardly be doubted that Lassen Peak is a "dying 
volcano," far advanced toward complete extinction. 

Pyroclastic ejecta.—During the first year of explosions, the ejecta 
consisted entirely of the debris of rocks that were already solid prior 
to eruption, that is fragments of old dacite. Indeed the activity 
was merely a clearing of the volcanic throat. During the eruptions 
of May 1915, however, much fresh magma was erupted in the form 
of pumice and bread-crust bombs, although this material, according 
to Day and Allen, was also solid at the moment of ejection. Since 
the reader may find a detailed account of the characters of these 
ejecta in their report, it will be enough to indicate here the distri
bution. The larger bombs are naturally restricted to the immediate 
environs of the volcano, most of them lying on the northeast side. 
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The finer pumice and dust, on the contrary, were carried long dis
tances by the wind, covering a vast area under a pale gray mantle. A 
small proportion fell on the south side of the mountain, but by far 
the greater bulk was scattered in a northeasterly direction. The whole 
of Raker Peak was veneered; so also was the entire Central Plateau 
north of Grassy Swale and Horseshoe Lake. Even on the summit 

Fig. 47. Deposit left by the great mudflow in the devastated area. 

of Prospect Peak, eight miles northeast of Lassen, there were found 
fragments of a block of pumice that must have measured six inches 
in diameter when complete. How far beyond the limits of the Park 
in this direction the tuff extends was not determined, but doubtless for 
many miles. Little tuff is to be seen, however, east of the depression 
containing Butte and Snag lakes. 

Petrographi) of the Lassen dacites— 

The pre-1915 dacites.—The bulk of Lassen Peak consists of a pale 
gray or pinkish, highly porphyritic lava that tends to crumble when 
struck owing to an abundance of interstitial, intensely fractured glass. 
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On an average, this glass, which is cloudy with magnetite dust and 
microliths of plagioclase, makes up about a third of the bulk. In 
no case has it been observed to be either spherulitic or perlitic, the 
cracks which traverse it running haphazardly in all directions. 
Rounded phenocrysts of feldspar, commonly more than 5 mm. long, 
usually comprise 50 per cent of the whole. These are rich in inclu
sions of glass and gas and many exhibit oscillatory zoning from basic 
to acid andesine. Of the remaining constituents, brown basaltic 
hornblende is usually predominant, with brown biotite, granules of 
pale green augite, and rare prisms of hypersthene next in amount, 
while in a few specimens there is also a little porphyritic quartz. 
Presumably the pyroxene crystallized late, with the microlithic feld
spar, while the hornblende and biotite, which both show marked 
tendency to resorption and the development of magnetite rims, 
separated with the porphyritic feldspar, possibly before extrusion of 
the magma. 

Reference has already been made to the fact that the old lavas 
of Lassen Peak are abnormally charged with dark, basic inclusions, 
and elsewhere an illustrated account has been given of their petro-
graphic characters.1"7 Essentially, these inclusions are composed of 
resorbed basaltic hornblende, labradorite, magnetite, and interstitial 
glass. In the field, they are seen to be extremely vesicular,37" much more 
so than the enclosing dacite, and in some the vesicles appear to be lined 
with tridymite. From 40 to 50 per cent of a typical inclusion consists 
of laths of labradorite, which, in contrast to the oscillatory-zoned 
feldspar phenocrysts in the dacite, are either unzoned or have a broad, 
basic core surrounded by a thin acid rim. In individual inclusions, 
the dimensions of these labradorite laths are fairly uniform; in some 
they measure 1 mm. long, in others only 0.1 mm. Basaltic hornblende 
generally makes up about 40 per cent of the bulk, and is either partly 
or wholly replaced by magnetite, or by a granular intergrowth of 
magnetite and augite, the unaltered parts having a rich pleochroism 
from pale green to russet. Some inclusions also contain minute 
clusters of pale green augite granules or accessory flakes of semi-
resorbed biotite. The residue consists of clear, pale brown glass, 
devoid of the magnetite dust typical of the glass in the enclosing lava, 
and occasionally a small amount of interstitial quartz. 

37 Williams, H., The dacites of Lassen Peak and vicinity, California, and their 
basic inclusions, Am. Jour. Sci., vol. 22, pp. 385-403, 1931. 

370 The structure corresponds to the "diktyta .xi t ic ," a term recently introduced 
by R, E. Fuller: The geomorphology and volcanic sequence of Steens Mountain in 
southeastern Oregon, Univ. of Washington, Publ. in Geol., vol. 3, p. 118, 1931. 



332 University of California Publications in Geological Sciences [VOL. 21 

That the basic inclusions are the products of early crystallization 
from the dacitic magma seems beyond question. They appear to 
represent fragments of the basic, hornblendic crust of the magma 
reservoir that were almost entirely solid when they were torn from 
their place by the upwelling of the dacite. On this hypothesis the 
wholesale resorption of the hornblende is attributed to the sudden 
change of temperature-pressure conditions consequent upon transport 
to the surface. 

The 1915 dacite.—Easily recognizable in the field from the pale 
colored old lavas of Lassen, is the glistening, black dacite protruded 
into the crater in 1915. The characters of this lava have already been 
described in detail by Day and Allen and have been illustrated by 
the writer. Like the old dacite, the new material is strongly porphy-
ritic. Up to 60 per cent consists of a dirty gray glass, stippled with 
magnetite dust, specks of pyroxene and microlithic feldspar, and, as 
Day and Allen have shown, the refractive index of the glass varies 
from 1.485 to 1.500 within short distances. About 30 per cent of the 
rock is composed of rounded and fractured phenocrysts of plagio-
clase, some of which are clear and unzoned, others are filled with dust 
or have clear rims, but the majority exhibit marked oscillatory zoning. 
Moreover, as Day and Allen have demonstrated, the outermost zones 
are notably more basic than the neighboring inner zones. The unzoned 
crystals are of medium to acid andesine, but the complete range is 
from acid oligoclase to acid labradorite, and the phenocrysts are 
almost invariably more basic than the microliths. Here then is a lava 
in which both the glass and the feldspar reveal a wide range of com
position. I t is noteworthy that many of the larger crystals of fedspar 
are rich in inclusions of fluorite, for it has been shown that the 1915 
lava was unusually charged with fluorine. Next to the feldspar, pyrox
ene is the most important mineral, hypersthene and diopsidic augite 
together making up about 5 per cent of the whole. Clearly these con
stituents separated with the microlithic feldspars. Biotite, of earlier 
crystallization, is always present in small amount, and has usually 
suffered more or less resorption and reddening, with a consequent 
increase in the optic axial angle. Olivine, with or without coronas of 
hypersthene, and resorbed basaltic hornblende are constant accessories, 
while rounded granules of quartz up to 2 mm. in diameter are seldom 
wanting. Summing up their study of this recent lava, Day and Allen 
conclude: 
As a volcanic product it represents material which is in anything but a state of 
equilibrium, judging from the condition of the biotite, the nature of the plagioelase 
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phenocrysts, and the variable composition of the glass. Physically also it has 
suffered a great amount of shattering and movement. I t is just the kind of mass 
which would be expected from an old conduit lining and plug, slowly forced upward 
after being shattered and locally heated by ascending gases or otherwise. 

The foregoing petrographic description applies to the massive 
dacite in the summit crater of Lassen Peak. Accompanying this lava, 
there is other, pumiceous dacite on the surface of the plug, which 
analysis reveals to contain less gas and more ferric iron. This pumice
ous variety was found by Day and Allen to contain a lighter colored 
and more uniform glass than the normal dacite; otherwise it differs 
in no important respect. Finally the "streaked pumice," erupted in 
May 1915, consists chiefly of granules of olivine and pyroxene with 
microlithic plagioclase in a highly vesicular glass which varies in color 
in adjacent bands according to its content of magnetite dust. Biotite 
and quartz occur only in minute amount. Mineralogically, all the 
above products of the 1915 eruptions differ from the old Lassen dacites 
in their lower content of hornblende and biotite. 

Just as the earlier dacites are crowded with basic inclusions, so 
are the lavas of 1915, but the inclusions in the latter never carry horn
blende while those of the former, as already noted, generally contain 
up to 40 per cent by volume of that mineral. The inclusions in the 
1915 lava appear pale greenish gray in hand specimens and are dis
tinctly vesicular (fig. 48). Viewed with the microscope they are seen 
to be composed of acicular and stumpy prisms of hypersthene and 
granular green augite, well formed crystals of magnetite, and laths of 
feldspar in a clear, pale brown glass. Phenocrysts of acid andesine, 
up to 3 mm. long are plentiful, and, like the phenocrysts in the inclu
sions of the old Lassen dacites, they are either unzoned or have a thin 
acid rim enclosing a broad, basic core. The microlithic feldspar ranges 
in composition from medium to basic andesine and separated with the 
pyroxene. Occasionally, traces of residual olivine may be detected, but 
both hornblende and biotite appear to be absent, and no quartz was 
observed in any of the specimens examined. None of the ferromag-
nesian constituents exhibit the resorption characteristic of those in 
the earlier inclusions. I t may be that the absence of hornblende and 
biotite in the 1915 inclusions is to be attributed to the low water-
content of the magma to which Day and Allen first drew attention. 
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Fig. 48. Fragment of a pumiceous dacite bomb erupted from Lassen Peak, 
June 22, 1915. Contains large basic inclusion. Photo. J. S. Diller. 
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LAVAS AND ASHES OF LASSEN PE A K 

17 18 19 20 21 22 23 24 25 
Si02 68.32 69.51 68.20 62.94 63.21 64.16 63.86 66.45 64.52 
AL03 15.26 15.75 16.98 18.14 17.15 16.87 16.07 16.19 16.77 
Fe",02 1.66 3.34 3.75 n.d. 1.30 1.46 1.56 2.66 1.19 
FeO 1.26 n.d. n.d. 3.82 3.00 2.77 2.31 1.12 2.82 
MgO 1.32 2.09 2.07 3.06 2.96 2.60 2.11 1.86 2.60 
CaO 3.26 1.71 4.33 6.28 5.23 4.96 4.94 4.55 5.09 
Na-O 4.27 3.89 2.98 3.83 4.12 4.09 3.59 4.06 3.78 
K ,6 2.81 3.34 1.52 1.22 2.10 2.29 1.91 2.03 2.09 
H 2 0 - n.d. n.d. n.d. n.d. .04 .05 1.47 .39 .12 
H,0+ 1.37 .56 .44 .60 .31 .13 .81 .68 .51 
TiO 31 .41 .48 .55 .45 .39 .59 
P„Os 12 tr. .10 .16 .12 .12 .16 .12 
MnO 04 .07 .08 .05 .10 .06 
BaO 07 .07 .07 .03 n.d. .04 
SrO tr. n.d. .02 
LL,0 tr. tr. 
ZrO, .02 tr. .04 .01 
S .03 .02 .84 .09 .02 
F .02 

100.07 100.19 100.27 100.40 100.27 100.22 100.16 100.74 100.34 

17 18 19 20 21 22 23 24 25 
Quartz 24.12 15.18 17.28 21.78 23.22 19.08 
Orthoclase 16.68 20.02 8.90 6.81 12.23 13.34 11.12 11.68 12.23 
Albite 36.16 33.01 25.15 32.49 34.58 34.58 30.39 34.06 31.96 
Anorth 14.18 8.62 21.41 28.63 22.24 21.13 21.96 20.29 22.52 
Corundum 2.75 1.53 
Diopside 86 2.26 1.63 1.36 2.55 1.57 
Hypersthene 3.43 10.00 8.57 6.75 3.40 9.04 
Magnetite 2.32 1.86 2.09 2.32 2.78 1.62 
Hmenite 61 1.16 1.06 .91 .76 1.06 
Apatite 34 .34 .34 .34 .34 .34 
Hematite .80 

Normative plagioelase: 17.—Ab^Am,,. 18.—Ab.0Anm. 19.—AbMAn,„. 20.—AbMAn„. 
21.—AbMAn3u. 22.—Ab02AnM. 23.—AbMAn,2. 24.—Ab^An,,. 25.—Ab.,„An„. 

17.—Reddish-gray hornblende dacite, near the timber line, west base of Lassen 
Peak. Analyst, Hillebrand, quoted in U.S. Geol. Surv. Bull. 150, p. 218, 
1898. Also Washington's Tables, p. 231. 

18.—Gray dacite, Lassen Peak. Analyst, Chatard, quoted ibid., also W.T., p. 759. 
19.—Reddish dacite, Lassen Peak. Analyst, Chatard, quoted ibid. 
20.—' ' Andesi te , ' ' Lassen Peak. Analyst, Shinier, quoted in Am. Jour. Sci., vol. 26, 

p. 225, 1883. Also W.T., p. 765. 
21.—Pyroxene andesite (daeitie). Dense, glassy variety from the crater of Lassen 

Peak, eruption of 1915. Analyst, Aurousseau, quoted in Day and Allen, 
op. cit., p. 41, 1925. 

22.—Pyroxene andesite (dacitic). Pumieeous variety from the crater of Lassen 
Peak, eruption of 1915. Analyst, Aurousseau, quoted ibid. 

23.—"Andesitic a s h , " Lassen Peak. Eruption of September, 1914. Analyst, 
Wheeler, quoted in W.T., p. 259. 

24.—"Andesitic a s h , " Hat Creek mud flow, eruption of 1915. Analyst, Shepherd, 
quoted in Day and Allen, op. cit., p. 41, 1925. 

25.—Dacite, Lassen Peak. Eruption of May 22, 1915. Analyst, Steiger. 
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Chemical composition of the Lassen dacites and their inclusions— 

Below are quoted four analyses of the old lavas from Lassen Peak 
and five analyses of the products of the recent eruptions, from which 
it will be seen that there is a wide range in composition. Both chem
ically and mineralogically, the rocks appear to be transitional between 
andesites and dacites, and there does not seem to be any systematic 
difference between the old and new materials. The 1915 dacite, as 
already mentioned, was found by Day and Allen to be low in water 
and high in fluorine. The total gas content of the dense lava, expressed 
in cc/gm. at 1200° C and 760 mm., was calculated by them to be 10.6; 
that of the pumiceous lava 7.8 and that of the bread-crust variety, 9.5. 

The halogens run higher in the pumiceous and bread-crust varieties, that is, in 
the modifications supposedly most subjected to reheating in the conduit. Hydrogen 
seems to be definitely higher in the original, dense andesite, and, in a general way, 
it might bo said that the supposed reheating has been accompanied by some slight 
oxidation of the volatile matter. The principal gases were H 20, CO., and F. 

Of the basic inclusions only two analyses are available and both 
of these are of hornblendic inclusions from the pre-1915 lavas (p. 866). 
They differ from the enclosing dacite in their lower content of silica 
and alkalis and in their higher content of alumina, iron, and magnesia. 
Probably, with rare exceptions, all of them are rich in lime although 
it will be noted that in the two analyses appended the content of CaO 
is 8.36 and 2.84. Apparently the inclusion low in lime differs from 
all those described in this report, but unfortunately its exact proven
ance is unknown. Except for their high content of alumina, pre
sumably a reflection of their abundance in hornblende and basic 
plagioclase, the inclusions fit closely upon the curves of the Lassen 
variation diagram, and analysis therefore supports the conclusion that 
they are normal differentiates from the dacitic magma, as Diller long 
ago suggested. 

CRESCENT CRATER 

At the head of Lost Creek, near the base of Lassen Peak, rises a 
conspicuous lava cone with a deep, cylindrical vent. Apparently the 
vertical walls of the vent have been breached on the northeast side, 
as may be seen in the telephotograph (fig. 30). That the cone is at 
least younger than some of the pre-Lassen dacites is manifest from 
the fact that the latter are upturned against the outer face of the 
cone on its south side, but what its relation is to Lassen Peak itself 
remains unknown. It may well be of about the same age. 

The cone, which is scarcely more than half a mile in diameter, is 
steep-sided and is entirely made up of flows of pink and gray dacite, 
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heavily charged with purplish, basic inclusions. Lithologically the 
dacite most closely resembles the last of the pre-Lassen dacites, that of 
Loomis Peak, though it only differs from the lava of Lassen itself in 
the prominence of its flow-banding, which either lies horizontally or 
dips outward from the vent at angles of up to 10°. The inclusions 
usually measure between an inch and three inches in length, but a few 
exceed six inches in length; most of them are rounded or subangular 
and lie flat along the flow-planes. Stumpy flows of pale gray, banded 
dacite, also rich in basic inclusions, appear to have poured from the 
cone in a northeasterly direction toward Lost Creek. 

Microscopical petrography— 

The texture of the Crescent Crater lavas is typically andesitic. 
In some specimens, the base is feldspathic and polarises patchily, 
enclosing swarms of andesine microliths poicilitically, while in others 
the base is glassy. Phenocrysts of medium to basic andesine are plenti
ful and are occasionally accompanied by others of acid labradorite, 
many of them showing oscillatory zoning. Among the ferromagnesian 
constituents, pale green augite (y = 1.71) predominates, occurring 
intersertally as ragged granules up to 1 mm. long; strongly pleochroic 
hypersthene comes next; there is also a small amount of basaltic horn
blende, largely paramorphed by magnetite, and residual grains of 
serpentinized olivine. Quartz is apparently absent. Possibly the rocks 
should be termed andesites rather than dacites, but without analysis 
exact definition is impossible, and provisionally, considering their 
similarity to the lavas of Lassen Peak, they may be referred to as lime 
dacites (shastaites). 

Little need be said concerning the basic inclusions, for they resem
ble those already described from the lavas of Lassen and Loomis peaks. 
Both hornblendic and pyroxenic types are present. One specimen of 
the former has the following percentage composition: basic andesine 
and acid labradorite phenocrysts, 10 per cent; andesine microliths, 
40 per cent; basaltic hornblende, almost wholly replaced by magnetite, 
25 per cent; pale brown, interstitial glass, 20 per cent; brownish green 
augite, 4.5 per cent; and olivine, 0.5 per cent. In the pyroxenic inclu
sions, hypersthene is extremely rare, and the augite appears to be 
diopsidic. Olivine, partly converted to iddingsite, is always plentiful, 
and granular magnetite is dispersed throughout, some of it primary 
but most of it secondary after resorbed hornblende. The textures of all 
these inclusions is perhaps best termed lamprophyric. 
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DOMES AND FLOWS OF DACITE SOUTH OF LASSEN PEAK 

Lassen Peak is separated from the dip-slopes of the Brokeoff Vol
cano by a belt of pink and gray, massive dacites that appears to com
prise a series of domes and short, stumpy flows. Possibly the flows 
are merely tongues that issued from the domes, but the lack of con
tacts, owing to an abundance of talus, makes their precise relations a 

Fig. 49. The daeite domes of Mount Helen, left, and Bumpass Mountain, right. 

matter of doubt. At least five domes seem to be present, namely 
Bumpass Mountain, Mount Helen (the eminence immediately east of 
Lake Helen), Eagle Peak, Vulcan's Castle, and an unnamed hill that 
rises a quarter of a mile north of Lake Helen, near where the Lassen 
trail leaves the highway. Of these the largest is Bumpass Mountain, 
which extends in an east-southeast direction for almost two miles and 
measures nearly a mile in width. Along its margins the Bumpass 
Mountain dome generally exhibits a concentric banding and jointing 
that either stand vertically or dip inward at low angles, but the core 
of the protrusion rarely shows flow-structure and appears superficially 
as a chaotic jumble of large angular blocks, through which rise frac
tured pinnacles of solid daeite. The general appearance of the dome 
is thus similar to that of the Chaos Crags and White Mountain pro
trusions. Here, as there, the daeite is rich in basic inclusions. On its 



1932] Williams: Geology of Lassen Volcanic National Park 339 

south side, the dome of Bumpass Mountain plunges steeply into the 
hot-spring valley of Bumpass Hell, the northern wall of which is 
entirely made up of opalized dacite whereas the southern wall consists 
of decomposed andesites belonging to the Brokeoff cone. Although 
there is no surface indication of a fault through Bumpass Hell, the 
probability is that the solfatarism is localized by a minor fracture. 

Fig. 50. Banded edge of a dacite dome, south of Lassen Peak. 

Except that its summit is less fractured than that of Bumpass 
Mountain, the Mount Helen dome differs in no important respect; the 
same is true of Eagle Peak, a mass of almost unhanded, inclusion-rich 
dacite, hardly distinguishable from that of Lassen Peak, which appears 
to have been protruded through the black, columnar, pre-Lassen 
dacites (fig. 35). The unnamed dome referred to above, is of interest 
because of the vertical or steeply-inclined inward dip of its marginal 
banding and the unhanded character of its core (fig. 50), for these 
features point clearly to its mode of origin as a steep-sided protrusion. 
Lastly, Vulcan's Castle may represent a deeply denuded dome sur
rounded by short flows of similar composition; there, however, the 
evidence is obscure. 

Nothing definite can be said concerning the age relations of this 
cluster of domes, except that they all appear to be pre-glacial, and 
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that all, save perhaps Bumpass Mountain and Mount Helen, have suf
fered extensively from erosion. Presumably even the last two are 
older than the dome of Lassen Peak; nevertheless, it is likely that all 
of them rose after the cessation of liquid effusions from the pre-Lassen 
crater. 

Microscopical petrography— 

Most of the pink dacites appear in the field to simulate the pre-
1915' dacite of Lassen Peak and are likewise characterized by horn-
blendic inclusions. The gray dacite of Bumpass Mountain is, however, 
quite distinct. This is a coarsely porphyritic dacite containing many 
phenocrysts of oscillatory-zoned andesine up to 5 mm. in length, com
monly infilled with glass. Hypersthene is the predominant ferromag-
nesian constituent, occurring in stout prisms, often more than 1 mm. 
long; pale green augite is next in abundance; then brown biotite, 
partly or wholly replaced by magnetite or by a mixture of magnetite 
and augite; and lastly, basaltic hornblende which has suffered the same 
type of resorption as the biotite. Phenocrysts of quartz, commonly 
more than 2 mm. long, are unusually plentiful, and where the rocks 
are intensely opalized, as in Bumpass Hell, these are the only con
stituents which persist. The matrix of the dacite is made up of 
colorless glass, microlithic feldspar, and magnetite dust. 

DOME OP WHITE MOUNTAIN 

About two miles southeast of Lassen Peak, at the head of King's 
Creek, rises the impressive ridge of White Mountain, so-called from 
the pale gray color of its lavas. The ridge is some two miles long, 
extending in a more or less east-west direction as a broad arc concave 
toward the north. Its summit stands about 1200 feet above the gentle 
slope to the north, most of the ridge rising above 8000 feet in 
elevation. 

Here and there, a few crags of "sol id" rock may be seen, but by 
far the greater part of the mountain is heavily mantled by blocky 
talus slopes that sweep upward even to the summit ridge (figs. 51 
and 52). I t is as if the whole mountain represented the spoil banks of 
some gigantic quarry. Clearly, this abnormal development of talus 
is not a simple product of weathering, but is an original feature, due 
to the fracturing of the glassy lava during its emplacement. I t is 
indeed the same feature that one sees at the Chaos Crags or on Lassen 
Peak, but here developed still more, so that the actual sides of the 
dome are almost completely hidden. Elsewhere, I have compared this 
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blocky surface to that observable on the domes of Santa Maria (Guate
mala), Mont Pele, Santorini, Bogoslof, Tarumai (Japan), and Nova-
rupta (Alaska), and have suggested that beneath the loose jumble of 

Fig. 51. Par t of the summit ridge of White Mountain, 
allowing blocky surface. 

Fig. 52. Western end of White Mountain, showing mantle 
of talus extending to summits. 

debris, the lava is probably brecciated and passes downward gradually 
into massive, unbroken dacite. 

There is little that can be said of the internal structure of the White 
Mountain dome, or indeed of the form of its solid core. In other 
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domes, there is occasionally a close relation between the structure and 
the present topography, but here no such apparent relation exists, not 
only because of the great banks of talus, but because the shape of the 
dome has been seriously modified by glaciers that radiated from its 
summit. Limits of the dome, as expressed on the map (foil. p. 385), are 
largely arbitrary. Almost certainly the original sides of the dome 
were steep, and possibly they were almost vertical, as suggested by 
the attitude of the " l ager" joints at the northern margin of the 
protrusion. Flow-banding is generally absent, and is, at best, obscure, 
just as it is in the dome of Lassen Peak. Indeed, when viewed from a 
short distance, the lava of "White Mountain might well be mistaken 
for a massive granite. At the western end of the dome, near " the 
Saddle," the flow-planes dip inward at low angles, but farther within 
the mass they become increasingly steep, and at 400 yards from the 
margin they are generally vertical or dip at high angles to the west. 
I t seems, therefore, that here, as in most of the other domes of the 
Lassen region, the flow-planes gradually flatten toward the periphery 
and hint at an abortive attempt at lateral spread. 

Vesicular textures are restricted to the margins of the dome, where 
the lava is locally almost pumiceous. Jointing is everywhere pro
nounced, especially in the upper parts of the mass, but the joint-
planes, though seldom departing much from the vertical, are of quite 
irregular trend. Lithologically the lava is a dense, pale blue gray rock 
studded with abundant opaque, white phenocrysts of feldspar, com
monly exceeding 5 mm. in length. Occasional prisms of hornblende 
can be detected with the unaided eye, but, as noted below, most of the 
ferromagnesian constituents are resorbed and replaced by magnetite. 
By ordinary weathering, the lavas develop pinkish or plum colored 
crusts, but deeper oxidation, due probably to steam ascending along 
joints, has converted the pale gray matrix to a brick red, an alteration 
that is most intense in the upper and marginal parts of the dome. 
Probably steam continued to rise long after the upward growth of 
the dome had ceased. 

In places, especially toward the western end of White Mountain, 
the lava has been bleached and converted into opal or a mixture of 
opal and kaolinite, presumably owing to the action of acid fumes. This 
alteration may only affect thin crusts or it may spread over broad 
zones, many yards in width, of irregular trend. Many of the joint-
planes are lined with opal, or are smeared with thin coatings of sul
phur, while others are covered with brilliant red iron oxides. Glan-
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geaud38 has noted similar effects of fumarolic activity at the Puy de 
Dome, Auvergne, where, however, magnetite was found also on the 
fissure walls; Friedlaender mentions the occurrence of sulphur and 
sulphates in the fissures of the dome of Tarumai in Japan, and Lacroix 
observed extensive opalization in the dome of Mont Pelee. 

Lastly, it should be noted that the lava of the White Mountain 
dome, like that of most of the Lassen domes, is exceedingly rich in 
basic, hornblendic inclusions, locally making up 20 per cent of the 
bulk. Most of the inclusions are between an inch and three inches 
in length, but a few measure a foot long, so that their average dimen
sion is considerably less than that of the inclusions of the Chaos Crags 
and Lassen Peak dacites. Only exceptionally are the inclusions 
rounded, and, as far as can be judged from the scattered exposures, 
their orientation and distribution are quite irregular. 

Except for the abundance of basic inclusions and the paucity of 
flow-banding, the lavas of White Mountain do not differ materially 
from those that form the Flatiron Ridge and the whole region to the 
south, and for this reason it is assumed that White Mountain repre
sents the upheaved crater-filling or plug dome of the vent from which 
the latter were erupted. 

Petrography of the domical lavas.—Essentially, the lavas of White 
Mountain are hornblende andesites or dacites, similar in their main 
features to the lavas of Lassen Peak. An average content, expressed 
in percentages, is as follows: pale gray, dusty glass, 30 per cent; 
microliths of feldspar, 30 per cent; phenocrysts of feldspar, 20 per 
cent; resorbed hornblende, 15 per cent; resorbed biotite, 2 per cent; 
magnetite, 1 per cent; and accessory pyroxenes and quartz, 2 per 
cent. The porphyritic feldspar occurs as rounded crystals, including 
much glass and exhibiting strong oscillatory zoning. The microscope 
shows that this feldspar ranges in composition from Ab65 to AbM, while 
the microliths are chiefly of medium andesine. The hornblende is 
either euhedral or subhedral and crystallized with the porphyritic 
feldspar. Traces of the original mineral are hard to find, almost all 
the crystals having been replaced by magnetite, or by magnetite-augite 
intergrowths, owing to resorption. The biotite is likewise resorbed, but 
generally to a less extent. Original pyroxenes constitute at most 6 per 
cent of the volume, hypersthene predominating far over augite, but 
in most specimens they form less than 1 per cent of the whole, appar-

38 Glangeaud, P., La Chaine des Puys, Bull, des Services de la Carte geol. de 
la Prance, vol. 22, p. 192, 1913. 
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ently crystallizing late with the microlithic feldspar and showing no 
signs of decomposition. In a few instances, the interstitial glass is 
replaced by a graphic feldspathic matrix, stippled with minute gran
ules of pyroxene and trichites of feldspar. Accessory grains of quartz, 
up to 2 mm. in diameter, are seldom wanting and it is of interest to 
note that they never exhibit the coronas of augite typical of the quartz 
crystals in the basic inclusions. No analyses of the lavas are available 
and it is therefore doubtful if they should be regarded as andesites 
or dacites. Certainly the amount of porphyritie quartz is less than in 
most of the domical lavas of the Lassen region. 

Basic inclusions.—Little need be said concerning these, for they 
resemble in all respects the hornblendic inclusions to be described 
from the dacites of the Chaos Crags. The chief type consists of laths 
of medium to basic labradorite (40 per cent), irregular rods and 
granules of magnetite after basaltic hornblende (40 per cent), a little 
primary magnetite, and the remainder a clear, pale brown glass. Both 
the feldspar laths and resorbed hornblende crystals measure approxi
mately 0.5 mm. by 0.1 mm., but a few phenocrysts of feldspar, zoned 
from a core of acid bytownite to rims of medium labradorite, reach a 
millimeter in length. Pyroxene appears to be entirely absent. 

DOMES NORTH OF THE CHAOS CRAGS 

A series of irregular hills stretches northward from the Chaos 
Crags to the eastern base of Table Mountain. Although these hills 
are almost entirely covered by glacial drift and by dacite tuff, their 
topographic forms and the petrographical characters of their rocks 
suggest them to be volcanic domes. The northernmost hills (elevation. 
6663 feet) fall steeply to the valley of Lost Creek and their summit 
is littered with great piles of angular blocks through which protrude 
fractured monoliths of dacite, closely resembling the top of the Chaos 
Crags. Banding is rarely developed and its orientation is haphazard. 
Contrasted with the dacites of the later dome of the Chaos Crags, 
these are notably poor in basic inclusions, but otherwise they differ 
only in their higher content of pyroxene and corresponding paucity 
of hornblende. 

Lithologically the dacites of these hills are characterized by their 
high content of vesicular glass. They appear black on the surface, 
but fracture reveals them to be of a pale gray tint and almost pum-
iceous within, the relation of the thin, superficial film of black glass 
to the pale, coarsely vesiculated interior probably being the same as 
that observed in "bread-crust bombs." 
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Under the microscope, the lava of "6663 hi l l" is seen to have the 
following content: phenocrysts of oligoclase and acid andesine, 30 per 
cent; colorless glass, with microliths of plagioclase, 65 per cent; horn
blende, 2 per cent; hypersthene, 2 per cent; and biotite and magnetite, 
1 per cent. The porphyritic feldspars are noteworthy for their oscil
latory zoning, a narrow zoned rim enclosing a more basic unzoned 
core, and also for their abundant inclusions of glass. Among the 
dacites forming the hills to the south (elevation, 7241 feet), a typical 
example consists of rounded phenocrysts of acid to basic andesine, up 
to 3 mm. in length, showing oscillatory zoning and spongily infilled 
with glass (40 per cent) ; microliths of andesine (25 per cent; color
less glass (25 per cent) ; faintly pleochroic hypersthene prisms, up to 
1 mm. long (3 per cent; euhedral, green hornblende (2 per cent) ; 
and accessory magnetite, apatite, and biotite. The latter occurs in 
flakes up to 2.5 mm. in diameter and may be partly replaced mar
ginally by augite and magnetite, the unaltered mica being slightly 
reddened, 2V = 15°, strong dispersion, P < v, and y —1.70. 

Basic inchtsions.—As mentioned above, these are rare. One speci
men, apparently typical, consists of laths of basic andesine, almost all 
about 0.015 mm. by 0.003 mm. in size, with a few phenocrysts of 
labradorite up to 3 mm. long, these together constituting half the 
volume. The larger feldspars are richly infilled with glass and dusty 
inclusions, usually arranged zonally. About 12 per cent of the inclu
sion is made up of acicular green and brown hornblende, generally 
less than 0.25 mm. long, the brown varieties extinguishing, Z A c , from 
0° to 5° but without resorption borders of magnetite. Prisms of 
hypersthene and granules of pale green augite together comprise about 
8 per cent, the former predominating, while the residue is composed of 
colorless glass and minute cubes of magnetite. 

DOMES OF MORGAN AND BOY SCOUT HILLS 

The main protrusions of dacite in the Lassen region lie on the 
northeast flank of the Brokeoff cone. There are, however, two con
spicuous domes at the southern base of the cone, between which runs 
the old road leading from Mineral into the Park. On Diller's map, 
Morgan Mountain is indicated as dacite, but the adjacent Boy Scout 
Hill is not distinguished from the andesites of the Brokeoff series. 
Beyond the limits of the area here under discussion, but within two 
miles of Morgan Mountain, Diller mapped two other bodies of dacite, 
and these may also represent domical protrusions. If such be the case, 
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then there are four domes lying approximately along an east-west 
line at the southern foot of the Brokeoff cone. 

Morgan Mountain and Boy Scout Hill rise abruptly from the 
gentle dip-slope of Brokeoff, but their original forms have been radi
cally modified by glacial action, and it is impossible to make out their 
precise relations to the surrounding lavas. The summits of both domes 
are composed of structureless dacite, irregularly jointed, and devoid 
of flow, and the upper flanks of Morgan Mountain are largely con
cealed by blocky talus. Toward the margins of the domes, the dacites 
are locally well banded, the flow-planes dipping inward at low angles 
or rolling haphazard. Petrographically the rocks bear a general resem
blance to the pre-1915 lavas of Lassen Peak. A typical specimen from 
Boy Scout Hill consists of microlithic oligoclase and phenocrysts of 
andesine in a glassy base. Partly rounded, bipyramidal crystals of 
quartz, up to 2 mm. in length, are sparingly present. Perromagnesian 
constituents are unusually rare, including deep brown biotite and 
basaltic hornblende, largely resorbed and replaced by magnetite, with 
occasional granules of augite and a few prisms of hypersthene. Basic 
inclusions, though not as abundant as in the lavas of Lassen Peak, 
are nevertheless common, the dominant type having the following 
content: laths of basic andesine and acid labradorite, 65 per cent; 
colorless glass, 15 per cent; granular augite, 10 per cent; hypersthene, 
5 per cent; magnetite, 3 per cent; olivine and basaltic hornblende, 
2 per cent. Hornblendic inclusions are here the exception. 

Judged solely by their extensive denudation, it seems that these 
domes are among the oldest in the region. 

CHAOS CRAGS AND CHAOS JUMBLES 

In an earlier contribution published in this Bulletin,39 I have 
described the salient features of the great dacite domes of the Chaos 
Crags and of the avalanche-like deposit known as the Chaos Jumbles 
which resulted from the partial collapse of one of these domes. It 
seems desirable, however, for the sake of completeness, to summarize 
once more the history of these recent eruptions and to take this oppor
tunity of adding some further observations. Certainly the Chaos Crags 
and Jumbles must be considered one of the most spectacular and 
instructive phenomena in this whole region, for the structures here 
displayed throw much light on the more obscure history of some of the 
older domical protrusions. 

so Williams, Howel, op. oit., pp. 241-63, 1928. 
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That the Chaos Crags were formed by one of the latest eruptions 
of the Lassen area was already known to the Whitney Survey. They 
were visited by Brewer and King in 1863, when it was learned that 
from 1854 to 1857 the crags "were constantly emitting large quanti
ties of steam and gases." Brewer writes in his diary:40 

There are four of these cones, the highest over 9,000 feet, with its top red and 
burned. This is the one said to have been active in 1857. [Probably the northern, 
later dome.] We examined but one of these—all have their bases blended, only 
their tops are distinct. This one was perhaps 8,500 feet, the top about two miles 
across in either way, and entirely of broken rocks, mostly loose, but here and there 
a pinnacle of rock two or three hundred feet above the main mass. These rocks 
are angular bowlders, of all sizes up to 50 feet or more in diameter, thrown 
together in the wildest confusion These mountains have been thrust up 
from beneath, and the rocks crushed by the gigantic natural forces. 

Particularly significant is the last remark. Noting the absence of any 
summit crater Brewer supposed that the crags had been elevated from 
beneath, an idea that accords well with our present conception. 

A few years later, Richthofen accompanied King to the crags and 
described the lavas as "nevadites" or granitic rhyolites, from their 
superficial likeness to plutonic rocks. More recently, Diller concluded 
that "Chaos" was formed about 200 years ago, an estimate since 
corroborated on the evidence of vegetation. Excepting the products 
of the 1914—1915 eruptions of Lassen Peak and the quartz basalt flow 
of Cinder Cone, the dacites of the Chaos Crags are therefore the 
youngest lavas of the region. 

The history of the activity, like that of many volcanic domes the 
world over, is divisible into three phases; first a series of pyroclastic 
eruptions, then the protrusion of viscous magma as steep-sided 
domes, and lastly the partial destruction of these domes by renewed 
explosions. 

Pyroclastic eruptions 

I t seems that the present site of the Chaos Crags was formerly 
occupied by a series of tuff and lapilli cones, disposed approximately 
along a north-south line, as if due to the opening of a fissure at the 
northern base of Lassen Peak. Only a part of one of these cones is 
now to be seen, in the col separating the Chaos Crags from Lassen 
itself (fig. 54), but the distribution of tuff over the surrounding 
country makes it evident that there were at least two others. The 
ejecta from these cones are thickly scattered over an area of some ten 

40 Brewer, W. H., op. cit., pp. 466-67, 1930. Extracted with the consent of the 
Editor, Yalo University Press. 



Fig. 53. Looking south across Lake Reflection toward Chaos Crags and Lassen Peak. The lake occupies a hollow in the hummocky Chaos 
Jumbles. The earlier dacite dome of the Chaos Crags is seen to the right of and partly 

surrounding the later dome. Photo. B. F. Loomis. 
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Fig. 54. The Chaos Crags viewed from the north slope of Lassen Peak. In the foreground, the ruined cone of dacite tuff and lapilli. 
Beyond, the two dacite domes, showing blocky crusts and great talus banks. Photo. J. S. Diller. 
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square miles, beyond which they thin out indistinctly. Along the 
banks of Manzanita Creek, near the vents, the tuff is 120 feet thick, 
consisting for the most part of dacite fragments, resembling sand in 
coarseness, with abundant bombs and blocks up to a foot in length. 
Even at Manzanita Lake, about three miles from the source, the tuff 
contains bread-crust bombs up to three feet in length, and bombs six 
feet long may be found in profusion two miles from the craters. Many 
of these bombs are very fragile, so that they must owe their preserva
tion either to having fallen in loose, fine tuffs, or to the fact that they 
were borne along in dust clouds, somewhat after the manner of the 
Pelean nuees ardentes. Unfortunately, wherever the tuffs are deeply 
entrenched, slides have obscured the sections, and it is impossible to 
make out any stratification. Presumably if the tuffs were the products 
of Pelean explosions they would show but little bedding; it is more 
likely, however, that they were deposited from the air in much the 
same way as ordinary Vulcanian tuffs and that they were rudely 
sorted by gravitation. The gradual thinning of the marginal ejecta 
supports this suggestion. Toward the vents, the amounts of sand-like 
tuff diminishes, until on the slope of the ruined cone the ejecta consist 
almost entirely of angular blocks of dacite from six inches to a foot 
in length. The crater of this cone is about 200 yards in diameter and 
has a maximum depth of 60 feet (fig. 54). 

At the close of this explosive episode, the entire northeastern flank 
of Lassen Peak, extending as far as Table Mountain and onto the 
plateau above Viola, was blanketed by a thick and hummocky, gray 
cover of dacite tuff, lapilli, and bombs. The entire vegetation had been 
destroyed. 

Judging solely from the nature of the cracks on the surfaces of 
the bread-crust bombs and from the absence of any notable decomposi
tion of the biotite, it may be assumed that the temperature of these 
eruptions was comparatively low, perhaps less than 750° C. 

Dacite protrusions.—How long an interval elapsed between the 
pyroclastic eruptions and the rise of the dacite domes it is impossible 
to say, but by analogy with the observed history of many recent pro
trusions it may be supposed with some confidence that the interval 
was short, possibly not more than a few weeks or months. Each of the 
two domes was originally more or less circular in plan and a mile in 
diameter, the later, northern one rising 1800 feet above the tuff field 
at its base. No words can convey an adequate picture of the confused 
piles of great, angular blocks littered over the surface of these domes 
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or of the bristling pinnacles and stacks that project above them. Enor
mous banks of angular talus, many of them more than 1000 feet high, 
encircle the domes, merging indefinitely into the hillocks of lapilli 
below. Both domes consist of hornblende-mica dacite, characterized 
by abundant glass, but whereas the earlier, southern protrusion is 
distinctly banded, the later is almost wholly devoid of structure. 

The southern dome 

Viewed more closely, the earlier dome is seen to be more or less 
crescentic in outline and partly encloses the later, and the suggestion 
has been made that this crescentic form may be attributed to the par
tial collapse of the dome following an explosive eruption at its north
ern base. In other words, the dome may formerly have been more or 
less cylindrical. Subsequently the northern mass of dacite rose, also as 
a cylindrical body, and in its turn suffered a partial breakdown as a 
result of the blasting of craters at its northern base. Elsewhere I have 
emphasized the similarity between this sequence of events and that 
described by Jaggar41 among the Bogoslof Islands of Alaska. I t may 
also be compared with the phenomenal growth of the Santiago plug 
dome, on the southern flank of Santa Maria, Guatemala, described by 
Sapper and Termer.42 There, in 1902, a large crater was formed near 
the base of the great cone of Santa Maria by violent explosive erup
tions. A cubic kilometer of ash was scattered over the adjacent coun
try. After a period of almost complete quiescence, a dome of viscous, 
glassy andesite was protruded in this new crater in 1922, expanding 
rapidly in height and diameter during the next three years. At cer
tain stages during its growth it appeared that two domes were present 
and that they developed side by side. From 1925 to 1929 there was 
again a period of comparative calm, but in November of the latter 
year, renewed explosions took place from the southern flank of the 
combined dome, whereby some 5 million cubic meters of ejecta were 
thrown out and a wide fissure was formed on the side of the protru
sion, through which yet another body of viscous magma rose to the 
surface. This alternation of explosion and protrusion appears to show 
a close relationship genetically with that here under discussion. 

4 1 Jaggar, T. A., The evolution of Bogoslof volcano, Bull. Am. Goog. Soc, 
vol. 40, pp. 385^00 , 1908. 

42 Sapper, K., Die vulkanischc Tatigkeit in Mittelamerika im 20. Jahrhundert, 
Zeitschr. fur Vulkanologie, vol. 9, pp. 158-200, 1926. 

Sapper, K., and Termer, F., Der Ausbruch des Vulkans Santa Maria in Guate
mala vom 2.-4. Nov., 1929, ibid., vol. 13, pp. 73-101, 1930. 
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The initial pyroclastic explosions at the Chaos Crags had been 
essentially the eruption of frothy, gas-charged magma that had 
accumulated at the top of an underlying reservoir; the upwelling of 
the gas-impoverished residuum in a viscous state was responsible for 
the formation of the domes. If the banding of the earlier dome is 
examined, it will be found to be more or less vertical over almost its 
entire extent but to dip inward at low angles at the margins. This 
structure is represented in the diagrammatic section, figure 38; it 
may be termed for convenience, a fan structure. Precisely similar 
flow-banding has been described by Fenner in the dome of Novarupta, 
in the Valley of Ten Thousand Smokes, Alaska, where it is said to be 
due to a kind of exfoliation, comparable with that produced experi
mentally by Iieyer in squeezing viscous substances through a narrow 
orifice. Tanakadate48 has also observed this structure, which he likens 
to that in the eye of a dragonfly, in the plug dome of Tarumai, Japan. 
There, however, the divergent structure is accentuated by a radial 
jointing. At Tarumai, the size of the vent through which the dome 
rose is known to have been small, but that of the vents through which 
the Chaos domes were extruded is a matter of conjecture. Considering 
the fact that each of the domes covers a square mile, it seems most 
improbable that the vents were even approximately of the same dimen
sions. I t may be that the dacite rose through a series of narrow con
duits that had earlier served as channels for the explosion of the 
tuffs. In any case, the lava, once at the surface, was so viscous by 
reason of its fairly low temperature, its poverty of volatiles, and sud
den chilling, that it was unable to flow laterally for more than a short 
distance but accumulated about the source. Conceivably, the lava that 
was first expressed built a kind of levee which further restricted the 
spread of the later flows, so that they were soon constrained to move 
vertically. Certainly there is no indication of any flattening of the 
flow-planes in the core of the domes such as might be expected in a 
body that grew endogenously, by expansion from within. Before the 
vertically moving lava could spill laterally, it had solidified to a glass 
and fractured conchoidally into the superficial heap of blocks. 

The rock piles which form such a distinctive feature of these domes 
are not disposed haphazardly. This is especially true in the case of 
the earlier protrusion, where they are arranged in crescentic ridges, 
parallel to the margins, the innermost ridges standing higher than the 

•i-1 Tanakadate (Simotomai) H., Two types of volcanic dome in Japan, Proc. 
Fourth Pacific Science Congress, Java, vol. 2b, pp. G95-704, 1930. 
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outer, presumably because flow continued longest in the interior.44 

Viewed from the west, they appear as a series of terraces inclined 
toward the north at low angles. While the size of the blocks varies 
considerably, most exceed a foot in length, many exceed ten feet, and 
a few even attain a length of 30 feet. The fracturing resulted from 
strains set up in the glassy daeite by the onward urge of fresh magma 
below and from the tremors caused by violent explosions of steam. 
Under the microscope the glass is seen to be riddled with elongate 
bubbles and to be traversed by innumerable cracks. Naturally, there
fore, the daeite is peculiarly amenable to fracture, so that blocks are 
still forming continually under the ordinary influences of the atmos
phere. I t cannot be doubted that the enormous banks of talus which 
encompass the domes are also for the most part original features, due 
to the crumbling of the flanks of the rising masses. The domes rose, 
as it were, through their own debris, exactly as the domes of Pele, 
Tarumai, and Santa Maria are known to have done. The reader has 
but to compare the photographs reproduced here and in earlier reports 
on the Chaos domes with those illustrating Sapper's work on Santa 
Maria to be assured of the surprising similarity of these protrusions. 

Petrographically the daeite of the earlier of the Chaos domes is 
distinguished from that of the later, not only by the conspicuousness 
of its flow-banding, but also by the paucity of its basic, hornblendic 
inclusions, and by its gray color due to freedom from oxidation. 
Locally, especially along its contact with the later dome, the earlier 
daeite is extremely vesicular, and may indeed resemble a shredded 
pumice. 

The northern dome 
Made up dominantly of a pinkish or reddish daeite, highly charged 

with purplish, hornblendic inclusions, this dome is characterized espe
cially by its lack of definite structure. Here and there a faint vertical 
banding may be detected, but the notable feature is the prevalence of 
irregular joints throughout. Again, the surface is thickly mantled by 
blocky detritus, through which project great, fractured monoliths, 
representing miniature spines of Pelcan type. At first sight, the rocks 
resemble coarse breccias, owing to the differential weathering of the 
pale matrix and the purplish inclusions. The latter are mostly from 
an inch to three inches long, but a few exceed a foot in length. They 
are distributed without order and show no common orientation even 
locally. In many cases, the oxidation of the iron in the dacites of this 

•" This is illustrated in an earlier description, op. oit., p. 316, 1929. 
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dome has been so thorough that the rocks are pink for several inches 
beneath their crusts. Moreover, the hornblende and biotite, which 
are usually green or brownish green in the unaltered gray dacite, 
appear red or black on the surfaces of the blocks, presumably due to 
reheating and oxidation by steam. One other feature calls for men
tion. The upper surface of the earlier dome is more or less convex 
and highest in the center; that of the later protrusion is somewhat 
concave, an irregular depression lying within an almost continuous 
line of crags. I t may be that this depression resulted from a sagging 
of the summit due either to reduction of pressure from below or to 
simple contraction of the interior on cooling, a sagging comparable 
with that observed during the later stages of growth of the Tarumai 
dome, Japan. 

Explosive eruptions and formation of the Chaos Jumbles 
It will be recalled that the Santiago dome of Santa Maria was 

partly destroyed after emplacement by explosions from its southern 
flank. These explosions were accompanied by a hot mud flow which 
inundated a zone 10 kms. long and up to 1.5 kms. wide. Destructive 
as the explosions were, much more devastating were the results that 
attended the explosions following the rise of the Chaos domes. The 
later, northern dome had been elevated 1800 feet above the country 
to the north; it was made up of an intensely fractured, glassy dacite 
and rested on a floor of loose lapilli and tuff. Much of it was therefore 
in a precarious position, especially at the margins where even the 
slightest shock must inevitably have precipitated an avalanche. At 
the northern base of the dome, there are two deep, crateriform depres
sions, around which there may be found small deposits of opal and 
sulphur. These depressions appear to have been formed by explosions 
of phreatic type. Day and Allen attributed the rise of the plug into 
the crater of Lassen Peak in 1915 to high vapor pressure in a cooling 
magma below, while Shepherd and Merwin have invoked a similar 
agency to account for the rise of the spine of Mont Pelee. Likewise, 
we may suppose that the domes of the Chaos Crags owed their eleva
tion to crystallization in a subjacent magma, and we may postulate 
that the subsequent explosions from the base of the later dome were 
due to the sudden release of the vapor pressure, just as the nuees 
ardentes were released from the base of the Pele spine. Alternatively, the 
explosions may have been due to the percolation of meteoric waters into 
the heated interior, as in the case of the Kilauea eruption of 1924. What
ever the cause of the explosions, their immediate effect was suddenly to 
remove the support beneath the northern face of the dome. About 150 



1932] Williams: Geology of Lassen Volcanic National Parle 355 

million cubic yards of dacite blocks were thus hurled onto the tuff 
sheet below. The avalanche or rock stream then rushed northward, 
doubtless at tremendous speed, for such was its momentum that the 
debris rose 400 feet up the opposite slopes of Table Mountain, almost 
two miles distant from the craters, terminating there with a steep, 
moraine-like front. In this way an area two and a half square miles 
in extent was thickly covered by angular detritus and comminuted, 
sand-like dacite. Elsewhere, I have suggested that rains accompanied 
the steam explosions and that the old tuff sheet must have been partly 
converted into mud, thereby increasing the mobility of the avalanche. 
In its advance, the material behaved almost as a fluid; it was, as it were, 
" a solid sea of mud and rocks," similar to the great avalanche that 
accompanied the explosions of Bandai-san, Japan, in 1888.*° The 
debris surged forward in huge waves, still visible as long ridges con
cave toward the craters, some of them as much as 120 feet in height. 
At Bandai-san, the average speed of the flood was 48 miles per hour; 
that of the Jumbles avalanche must certainly have been as great. 

Perhaps the most remarkable feature of the Chaos Jumbles is the 
sharpness of its boundaries. On almost all sides, it ends abruptly in 
steep, moraine-like mounds, locally more than 100 feet in height. The 
limits of the 1915 mud flows from Lassen Peak, though distinct in a 
few places, are nowhere as well defined, presumably because of the 
higher water-content during movement. Locally, the 1926 mud flow 
of the Tokachidake Volcano, Japan, and the 1929 mud flow of the 
Santa Maria dome, Guatemala, are also bordered by moraine-like 
ridges, suggesting a high degree of consistency in the material during 
emplacement. Sekiya and Kikuchi, writing of the avalanche from 
Bandai-san, remark that " n o one could help being struck by the sin
gular way in which the advancing stream of rock and earth seemed to 
have suddenly stopped, showing a vertical or nearly vertical face, a 
few meters high." Once a terminal ridge had been formed, later 
detritus, on account of increasing friction, was unable to override it, 
but served merely to increase its height. It is noteworthy, too, that 
in some places, the marginal ridges of the Chaos Jumbles are almost 
wholly composed of fine, gravelly or sandy deposits, in marked con
trast with the coarse, bouldery detritus of the interior, and it is sig
nificant that a similar concentration of fine materials has been observed 
among some of the rock streams of the San Juan Mountains of Colo
rado. Apparently, the lateral ridges at the Jumbles were formed at 

« Sekiya, S., and Kikuchi, Y., The eruption of Bandai-san, Jour. Coll. Sc 
Imp. Univ. Tokyo, vol. 3, pp. 91-172, 1890. 
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an early stage during flow, so that they acted as levees confining the 
later waves of coarse debris. 

Another feature of the Jumbles calls for notice, namely the occur
rence on its surface of tumulus-like mounds varying from about ten 
to 100 feet in height. These are analogous to the blocky cones which 
formed such a striking spectacle on the avalanche deposit of Bandai-
san. Those were 
found to be disintegrated crumbling rocks, so affected by the agency of the heated 
steam and corroding gases as to have lost their compactness During and 
after their swift descent down the mountain sides, these rock masses have crumbled 
away, and the debris, falling around their bases, has assumed a conical shape by 
forming taluses around them. 

The tumuli on the Jumbles occasionally reveal a large central block, 
about which the smaller blocks seem to have been dammed. Doubtless, 
the rock stream stood at a higher level during movement than now, 
and it may be that the small stones settled on the flanks of the larger 
boulders as soon as flow had ceased. 

Exactly how much water was present in the Chaos Jumbles flow, 
it is impossible to say, but that most of the material behaved after the 
manner of a dry rock stream cannot be doubted. If rains accompanied 
the initial steam explosions, as seems probable, then there may well 
have been a muddy base, though this need have been no more than 
a few inches thick. The fact that a thin layer of fine sandy tuff may 
be found below the upper blocky portion of the deposit lends some 
support to this idea. Almost everywhere, however, there is a confused 
admixture of coarse and fine1 materials, completely devoid of any 
stratification (fig. 58). There is no marked increase in the size of 
the larger blocks as the flow is traced toward its source. All that can 
be said is that the sand-like fraction increases in amount toward the 
distal ends of the deposit. 

As might be expected, the avalanche caused certain modifications 
in the pre-existing drainage, just as that of Bandai-san did. Here, as 
there, lakes were formed by the damming of streams and by the 
accumulation of water in the hollows of the deposit. Manzanita Lake 
is merely the result of the damming of the stream that descends from 
the northern slope of Lassen Peak, while Lake Reflection, illustrated 
in figure 53, is but the largest of many pools that lie in deep depres
sions on the Jumbles. Stumps of trees may still be seen at the bottom 
of Manzanita Lake and Mr. Loomis recalls that about 50 years ago 
they were protruding above the surface of the water. Manifestly, 
they could not have maintained that attitude for any long period, for 
they were covered to a depth of 20 feet. 



Fig. 55. Aerial photograph of the Chaos Crags, looking south. Shows the great talus banks, the blocky, fractured character of the 
summits, and the moat between the two domes. Photo. 15th Photo. Section, Air Corps, U. S. Army, Crissy Field, San Francisco. 
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Fig. 56. Part of the north dome of the Chaos Crags. On the left, part of the south dome separated by a deep moat. 
Photo. 15th Photo. Section, U. S. Army, Crissy Field, San Francisco. 
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Age of the Chaos Jumbles— 

It is only necessary to compare the barren appearance of the 
Jumbles with the brush- and wood-covered hills that surround it, to 
be convinced of the recency of the avalanche. Over most of its extent, 
the stony wilderness is merely relieved by a sprinkling of young coni
fers, while even at the margins the oldest trees are not more than 

Fig. 57. Pumiceous northern edge of the earlier dome of the Chaos Crags. 

about 180 years of age. If, therefore, an additional 20 years is allowed 
to enable the trees to obtain roothold, the age of the Jumbles is 
approximately 200 years. 

Lastly, if it be asked why no remains of charred trees are to be 
found within the Jumbles itself, similar to those commonly seen in the 
1915 mud flows of Lassen Peak, at Bandai-san, and in the deposits 
about Santa Maria, the answer must be that the tuff explosions which 
preceded the rise of the Chaos Crags had already destroyed all the 
vegetation in the vicinity, and that the Jumbles avalanche moved over 
a bare floor of tuff and pumice. 
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Fig. 58. Roadcut through the Chaos Jumbles, near Manzanita Lake. 
Photo. R. H. Finch. 
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Petrography of the dacites— 

Under this heading are included not only the lavas of the domes 
but also the dacite tuffs erupted previously. Their chief characters 
have already been discussed by Hague and Iddings who first demon
strated their true nature to be dacitic and not rhyolitic as Richthofen 
had supposed. Essentially the rocks are hornblende-mica hyalodaeites. 
About 40 per cent consists of pumiceous glass, riddled with tubular 
bubbles, and intensely fractured, with a refractive index of 1.510. 
The analysis of this glass, quoted below, shows it to be extremely acid 
and to contain most of the potash of the dacite. Scattered through the 
glass, and also making up about 40 per cent of the rocks, are large, 
broken phenocrysts of plagioclase, ranging in composition from 
medium andesine to basic oligoclase (anal. 30), many of the crystals 
as much as 5 mm. long. Some of the feldspars are untwinned but 
most of them show strong lamellation on both the albite and pericline 
plans. Contrasted with the dust-filled feldspars of the basic inclusions, 
these are generally water clear or are spongily infilled with glass and 
pink fluorite. Moreover while the feldspars in the inclusions are either 
unzoned or reveal a gradual transition from a basic core to an acid 
rim, the feldspars of the enclosing dacites often exhibit pronounced 
oscillatory zoning. 

Considering next the ferromagnesian constituents, these include 
biotite, horblende, hypersthene, and augite, stated in their order of 
importance. The biotite occurs in flakes up to 3 mm. in diameter, is 
of a pale brown color, and pseudo-uniaxial in most cases, but excep
tionally it is reddened and has a rim of magnetite due to resorption. 
A few flakes, though apparently reheated and exhibiting a pleochroism 
from orange to deep russet, remain pseudo-uniaxial, while one or two 
crystals are entirely pseudomorphed by granules of magnetite and 
augite. 

The hornblende is generally greenish or brownish, the latter pleo-
chroic from pale yellow brown, X, to deep brown, Z; a = 1.667; 
7 = 1.683; Z Ae = 2° to 10°. In some slides the mineral is quite 
unaltered though adjacent to resorbed biotite, while in others a kernel 
of basaltic hornblende is enclosed by a rim of magnetite and augite. 
Occasionally the hornblende show-s a marginal development of acicular 
hypersthene. Most of the crystals separated with the feldspar so that 
their edges mutually interfere. 

Pyroxenes amount at most to about 1 per cent of the bulk, con
sisting of faintly pleochroic hypersthene prisms and irregular gran-
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ules of pale green augite. Manifestly these minerals were the last to 
separate, commencing to form only as the hornblende and mica were 
beginning to suffer resorption. Finally, magnetite is sprinkled 
throughout and apatite is an important accessory. 

Basic inclusions in the dacites— 

These are rare in the turfs erupted prior to the rise of the domes 
and are far more abundant in the later protrusion than in the earlier, 
being extremely plentiful in the avalanche debris of the Chaos Jum
bles. Almost without exception, they are hornblendic and resemble 
the inclusions of the Raker Peak and pre-1915 dacite of Lassen Peak. 
In the field they appear as purplish, pinkish, or dark gray nodules, 
generally two or three inches in length, but occasionally more than a 
yard long, of subangular form. Reddish brown needles of hornblende, 
or black pseudomorphs in magnetite, and laths of feldspar are gen
erally discernible to the unaided eye, but the interstitial glass, which 
actually makes up 20 per cent of most specimens, is seldom recognized. 

The dominant types are illustrated in figure 59. Considering first 
the finer grained examples, figure 59 o; these consist of a closely 
packed "trachytoid" felt of plagioclase laths, almost all measuring 
0.5 mm. by 0.1 mm., irregularly traversed by granules and rods of 
magnetite after hornblende. Only rarely can traces of original basaltic 
hornblende be detected. Large phenocrysts of feldspar are absent, 
and the laths, which are either untwinned or simply twinned on the 
albite or Carlsbad plan, range from medium to basic andesine. Cut
ting haphazard across both the feldspars and the interstitial glass are 
resorbed crystals of basaltic hornblende, almost entirely paramorphed 
by magnetite, which is itself superficially altered to hematite thus 
imparting a deep red color to the inclusions. Accompanying the 
resorbed hornblende are partly resorbed flakes of deep brown biotite, 
but these are rare. 

The second type of inclusion (fig. 59 a) is of coarser texture and 
the hornblende is less resorbed. Approximately this consists of equal 
amounts of plagioclase and basaltic hornblende, and about 10 per cent 
of yellowish brown glass. The larger feldspars are rich in dusty inclu
sions and are strongly zoned from cores of acid bytownite to rims of 
basic andesine. Where it has not been replaced by magnetite, the 
basaltic hornblende is pleochroic from olive green to reddish brown, 
and extinguishes straight. Referring to the resorbed hornblende in 
the basic inclusions of the East Indian lavas, Brouwer observed that 



A B 
Fig. 59. Basic inclusions in the (Incite from Chaos Crags. A. Deep red-brown basaltic hornblende, partly or 

wholly replaced by magnetite, with andesine phenocrysts in a feldspathic, partly glassy base. B. Andesine laths 
showing flow-structure, irregularly crossed by prisms of hornblende, almost wholly converted to magnetite. 
Subsidiary glass base, x 36. r. 
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the mineral was bordered by a thicker rim of magnetite where it was 
in contact with the interstitial glass than where it abutted against 
crystals of feldspar, but this relationship does not obtain in the pres
ent instance, where the magnetite rims appear to vary in thickness 
irrespective of the adjacent constituents. 

In some of the homblendic inclusions, the hornblende is quite free 
from resorption. In such cases, the mineral is not developed as acicular 
prisms but as minute, irregular granules, often enclosing colorless 
pyroxene, and it may well have crystallized after extrusion. Other 
hornblendic inclusions carry large, corroded phenocrysts of quartz 
surrounded by coronas of pale green augite, and occasionally these 
quartz-bearing inclusions also contain granules of forsterite, up to 
1 mm. in diameter, largely decomposed to serpentine. Hypersthene is 
extremely rare. 

Finally the homblendic inclusions are accompanied by a few that 
have pyroxene as their dominant ferromagnesian constituent. One 
example, from the northern base of the later dome, has the following 
percentage composition: laths of basic plagioclase, 55 per cent; augite. 
17 per cent; hypersthene, 13 per cent; quartz, 5 per cent; magnetite, 
3 per cent; hornblende, 2 per cent; and pale brown glass, 5 per cent. 
The pyroxenes commenced to crystallize early and are to be found 
within some of the porphyritic feldspars, but they continued to sep
arate after the latter. The hornblende is for the most part basaltic, 
though a few crystals have brown cores and green rims, while others 
are partly replaced by granular magnetite and augite. 

Chemical composition of the inclusions.—Hillebrand analyzed a 
basic inclusion from the Chaos Crags together with the enclosing horn
blende-mica daeite (analyses 28 and 33). The inclusion "consists 
chiefly of plagioclase and hornblende, with some olivine and clear 
glass," and thus represents the dominant type both of the Chaos 
Crags domes and the domes of Lassen and Raker Peaks. Compared 
with the daeite, the inclusion is low in silica and alkalis but is notably 
richer in all the other principal oxides, especially in lime, iron, mag
nesia, and alumina, owing to its high content of hornblende, magnetite-
and basic plagioclase. Nevertheless, except for the high alumina per
centage, the analysis fits well on the variation diagram of the Lassen 
series and leaves little doubt that the inclusion represents a normal 
differentiation product. 
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DACITES OTHER THAN THOSE OF LASSEN PE A K 

26 27 28 29 30 31 

SiO 70.93 69.36 68.72 63.81 65.77 76.75 
ALO, 14.31 16.23 15.15 17.07 21.51 12.32 
Fe.,0, 1.30 .88 1.16 2.11 
F e b 1.26 1.53 1.76 2.15 tr. 1.36 
MgO 94 1.34 1.28 2.28 
CaO 3.24 3.17 3.30 4.97 5.72 1.18 
Na.O 4.30 4.06 4.26 4.08 5.92 3.55 
K , 6 2.76 3.02 2.78 1.96 .83 3.98 
H 2 0 - 16 ] , , CA 
H.O+ 65 .45 .74 1.03] 
TiOa 26 .31 .38 
P 20 5 12 .09 .10 
MnO 06 .11 .09 
BaO 05 .07 .04 
SrO .03 .03 
Li02 tr. tr. 

100.34 100.04 99.76 100.10 100.09 99.68 

26 27 28 29 

Quartz 28.02 24.60 23.70 18.96 
Orthoclase 16.12 17.79 16.68 11.68 
Albite 36.16 34.06 36.16 34.58 
Anorthite 11.68 15.85 13.62 22.24 
Corundum .51 
Diopside 2.91 2.38 1.36 
Hypersthene 1.83 5.51 4.22 5.75 
Magneti te 1.86 1.16 1.62 3.02 
Ilmenite .46 .61 .76 
Apati te 34 .34 

Normative plagioclase: 26, Ab^Am^; 27, A b ^ n ^ ; 28, AbT^An,,; 
29, Ab6iAn3,. 

26. Hornblende-mica dacite, Raker Peak (237a). Analyst, Steiger. 

27. Hornblende-mica dacite, Chaos Crags. Analyst, Shinier, quoted in Am. 
Jour. Sci., vol. 26, p . 232, 1883. Also Washington's Tables, p. 229. 

28. Hornblende mica dacite, east end of Chaos Crags. Analyst, Hillobrand, 
quoted in U.S. Geol. Surv. Bull. 150, p. 218, 1898. Also Washington's 
Tables, p. 231. 

29. Daci te(?) , " w e s t side of old crater rim near the Thumb (Pilot Pinnacle), 
at the head of Mill Creek." Analyst, Hillebrand, quoted in U. S. Geol. 
Surv. Bull. 148, p . 194, 1897. Also Washington's Tables, p . 259. 

30. Porphyritic feldspar from dacite B. Analyst, Shimer, op. eit. 

31. Residual glass from same. Analyst, Shimer, op. cit. 
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BASIC INCLUSIONS IN DACITES OF THE DOMES 

32 33 34 32 33 34 
Si02 55.14 53.35 58.97 Quartz 7.74 4.80 
Al2Oa 19.10 19.22 18.60 Orthoclase 6.12 6.12 13.34 
Fe202 6.16 3.28 5.94 Albite 30.92 24.63 26.20 
FeO 54 4.48 n.d. Anorthite 32.53 36.14 14.18 
MgO 4.23 4.86 6.89 Diopside 6.48 9.18 
CaO 8.36 9.76 2.84 Hypersthene.... 7.60 12.00 
Na,0 3.71 2.89 3.05 Magnetite 46 4.64 
K 2 6 1.04 .99 2.24 Ilmenite 1.06 1.06 
H..O+ 91 .77 1.35 Hematite 5.92 
Ti02 52 .56 Apatite 34 .34 
P205 18 .10 Normative plagioelase: 
MnO 11 .15 32. Ab5SAn42. 
BaO tr. t r 33. Ab„AnM. 
SiO 07 .03 34. Ab„AnM. 
Li20 tr. tr . 32. " S e c r e t i o n " in daeitc of Lassen 

Peak. Analyst, Hillebraml, 
100.07 100.44 99.88 quoted in TJ. S. Geol. Surv. 

Bull. 150, p. 218, 1898. Also 
Washington's Tables, p. 535. 

33. " S e c r e t i o n " in dacite of Chaos 
Crags. Analyst, Hillebrand, 
quoted in U. S. Geol. Surv. 
Bull. 148, p. 194, 1897. Also 
Washington's Tables, p. 535. 

34. " S e c r e t i o n " in dacite of Lassen 
Peak. Analvst, Chatard, quoted 
in TJ. S. Geol. Surv. Bull. 148, 
p. 193, 1897. Also Washing
ton 's Tables, p. 981. 

EBCENT BASALTS 

Just beyond the extreme northeast corner of the Park, east of the 
high ridge that borders Butte Lake, occurs a broad sheet of post
glacial basalt. This basalt is merely the edge of the great flood of 
recent lavas that extends northward from the Lassen region toward 
Longs and Fall River mills, from which rise many low shield vol
canoes such as Black and Bogard Buttes. Some of these basalts, for 
instance, that which abuts on the road between Butte Lake and the 
Bogard Ranger Station, are probably not more than about 1000 years 
old, if one may judge by the steepness of their fronts and their free
dom from decomposition. Moreover, this is an area of extensive fault
ing of recent origin, for it is cut by fault scarps that have as yet 
scarcely been modified by erosion. The post-glacial flow between the 
two Prospect Peaks is mentioned hereafter, and Finch has recorded 
the occurrence of post-glacial lavas extending southward from Tama
rack Peak and again at Hat Creek Valley. All these appear to be 
pyroxene basalts of uniform character, resembling in their mineralog-
ical content the Oregonian plateau basalts. Most of the flows were 
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extremely fluid and are many miles in length, and some, including the 
Hat Creek flow, are dotted with small Schollendome and riddled with 
lava tubes. Those within the limits of the Park, however, were more 
viscous and are characteristically of the block type. 

The basalts now to be described are limited toward the west by a 
recent fault of considerable magnitude that trends in a general north-
northwest direction, just east of Butte Lake. The old, glaciated, pale 
gray andesites which border the lake are thus thrown down several 
hundred feet toward the east, and are there almost entirely concealed 
by the recent basalts. I t is clear that the vents of the gray andesites 
also lie beneath these post-glacial flows. In many places, the margins 
of the latter are steep, attesting to their recency, while their dips, 
generally northward at 2° or 3° point clearly to a source not far to 
the east of the Park. 

Lithologically the basalts are dense, aphanitic, and glassy rocks, 
highly vesicular and seldom containing crystals large enough to be 
recognized by the unaided eye. Instead of being "blocky," as are 
the basalts of the two Prospect Peaks, there are massive lavas that 
have more or less smooth crusts, passing locally into " a a " surfaces. 
Examined under a microscope, they are seen to consist of a trachy-
toid felt of labradorite and bytownite microlitbs, ranging in length 
from 0.05 to 1 mm., with intersertal granules of pale green augite and 
magnetite-charged glass. Feldspar makes up from 50 to 60 per cent 
of the bulk, augite 10 to 20 per cent, the remainder being magnetite 
and glass. Well formed crystals of magnetite are confined to the 
least glassy types, but it is normally present as irresolvable dust that 
crystallized after almost all of the pyroxene and feldspar. In some 
specimens, augite and feldspar crystallized simultaneously, but in most 
the augite separated later. The mineral rarely shows crystal faces 
and seldom exceeds a length of 0.02 mm. I t is distinctly diopsidic. 
Olivine is a rare accessory constituent and appears as rounded grains 
up to 0.75 mm. in diameter, of early crystallization, and notably rich 
in magnesium. Considering the fact that in the least glassy types, the 
interspaces between the feldspar laths are almost wholly occupied by 
magnetite and augite, it is likely, as Washington has suggested in the 
case of the plateau basalts, that the interstitial glass of these lavas is 
a basic one, having a composition not very different from that of an 
augite-magnetite mixture. Since the bulk of the magnetite crystal
lized after the augite, it is apparent that we have here another illus
tration of the general rule upon which Fenner has lately laid much 



*« Washington, H. S., Deccan traps and other plateau basalts, Bull. Geol. Soc. 
Am., vol. 33, pp. 765-804, 1922. 
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emphasis, namely the increase in the FeO :MgO ratio during; the later 
stages of crystallization of basalts. In this connection, the magnesian 
character of the early-crystallized olivine is noteworthy. 

Chemical composition.—An analysis of the basalt described above 
is quoted below (anal. 36). Its close similarity to that of the recent 
basalt from between East and West Prospect Peaks is what might be 
expected from their close correspondence in mineral content. Both 
lavas differ from the quartz basalts of Cinder Cone in their lower 
content of magnesia, a constituent in which the latter rocks are abnor
mally high; otherwise, the differences are slight. Compared with the 
Oregonian plateau basalts, they are distinctly more acid, richer in 
alumina and magnesia, but much poorer in iron, titanium, manganese, 
and phosphorus. The richness of the plateau basalts in iron is re
flected not only in their higher content of magnetite, but, as Washing
ton46 has pointed out, in the hedenbergitic affinities of their augite. 

ANALYSES 35, 36, 37 

35 36 37 35 36 37 
SiO. 57.00 54.83 49.98 Quartz 7.20 0.48 2.16 
Al262 16.66 17.05 13.74 Orthoclase 7.23 10.56 7.78 
Fe.0 3 94 1.47 2.37 Albite 29.34 30.40 24.63 
FeO 5.40 5.79 11.60 Anorthite 25.43 25.02 20.57 
MgO 5.12 5.47 4.73 Diopside 9.28 8.77 12.03 
CaO 7.90 7.72 8.21 Hypersthene.... 16.07 16.97 20.72 
Na ,0 3.46 3.60 2.92 Magnetite 1.39 2.09 3.48 
K 2 0 1.22 1.77 1.29 Ilmenite 1.67 2.28 5.47 
H 2 0 - 29 .27 .27 Apatite 34 1.01 2.02 
H-0+ 64 .73 .95 Normative plagioclase: 
Ti~0 90 1.25 2.87 35. AbMAn„. 
P .0 5 29 .42 .78 36. Ab51An4t. 
kfnb 12 .11 .24 37. Al^An,, . 
BaO 02 .03 35. Recent pyroxene basalt flow, near 

— • West Prospect Peak (31). 
99.96 100.51 99.95 36. Recent pyroxene basalt flow, north

east of Butte Lake (41). Ana
lyst, Steiger. 

37. Average of six anah'scs of Ore
gonian basalts, quoted by H. S. 
Washington, in Bull. Geol. Soc. 
Am., vol. 33, p. 779, 1922. 

BASALTS OF WEST PROSPECT PEAK AND VICINITY 

The long and even slopes of Prospect Peak are opposed on the 
northwest by the more rugged slopes of West Prospect Peak, part of 
another basaltic volcano, the vent of which lies beyond the Park limits 
and was not examined during the present survey. Apparently most 
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of the lavas of this volcano are of the same age as the bulk of those 
forming the Prospect cone, although the latest basalts erupted from 
the base of the latter overlie those of West Prospect Peak, as may 
be seen in figure 24, which also serves to illustrate the blocky nature 
of both flows. 

About half a mile north of the Park boundary, at the head of the 
gully between Prospect and West Prospect peaks, occurs a recent 
basaltic cinder cone, from which was erupted a blocky flow that 
poured both southward into the Park and northward. Viewed from 
a distance, this flow closely resembles the quartz basalt flows from 
Cinder Cone. Its margins are everywhere steep, the basalt is per
fectly fresh, and the vegetation on the lava surface is sparse. Every
thing points clearly to the recency of the eruptions. Possibly it is 
not more than a few hundred years old; certainly it represents one 
of the latest flows within the Lassen region. 

Microscopical petrography.— 

A rough micrometric analysis of a specimen from the recent 
basalt reveals the following percentage composition: brownish black, 
magnetite-filled glass, 40 per cent; plagioclase, 45 per cent; augite, 
12 per cent; and hypersthene, 3 per cent. The augite, which has a 
pale green tint and is highly birefringent, appears to be a diopsidic 
variety, while the plagioclase phenocrysts, many of which exceed 
5 mm. in length and are crowded with brown glass, vary little from 
AbjAii!. A little residual olivine is present in some sections, but 
xenocrysts of quartz were not observed. The texture of the rock is 
illustrated in figure 605. An analysis, kindly prepared by Steiger, 
is quoted on page 368, together with an analysis of the recent basalt 
in the northeast corner of the Park and with an average analysis of 
Oregonian basalt. Compared with the latter, the basalt in question 
is much more acid and is notably poor in iron and titanium. 

The earlier basalts of West Prospect Peak differ from the above 
only in the slightly more basic character of the plagioclase, which is 
predominantly medium to basic labradorite, and in the smaller content 
of phenocrysts. Typical examples are illustrated in figures 60a and c. 
They are glassy pyroxene basalts in which augite is usually about 
twice as abundant as hypersthene. Vesicular textures are well devel
oped and occasionally the vesicles are infilled with opal. Although 
no analyses are available, the rocks doubtless resemble the recent 
basalt just described and probably do not differ seriously from the lavas 
of Prospect Peak. 



Fig. CO. Basalts of West Prospect Peak and vicinity. A and C, east base of peak. Granules of green augite, and micro-
1 it lis of labradorite in a brown, magnetite-charged glass. B, recent basalt at northern margin of the Park. Same mineral 
assemblage but carrying also large, zoned and glass-charged phenocrysts of labradorite. x 30. 
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ACTIVITY AT CINDER CONE 

The history of the quartz basalt eruptions of Cinder Cone, first 
studied by Diller in the papers referred to on page 210, has recently 
been re-examined and described in detail in this Bulletin by Finch and 
Anderson,17 and although it is therefore needless to cite their findings 
at length, a brief summary may fittingly be given for the sake of com
pleteness. 

Activity began with the formation of Cinder Cone itself, a per
fectly preserved cone measuring about half a mile in diameter and 
600 feet high. At the same time cinders were strewn over an area 
of not less than 30 square miles surrounding the cone, particularly 
toward the south, as indicated on the map (foil. p. 385). The limits of the 
cinder sheet as defined on this map are of course only approximate, 
for the ejecta thin out gradually and occasional fragments may be 
found far beyond the main deposit. I t must not be supposed, however, 
that Cinder Cone was the product of a single eruption, for Finch and 
Anderson have pointed out that not only does the summit crater have 
two distinct rims, but two other rim remnants exist on the northwest 
side of the cone, possibly owing to changes of wind at the time of 
explosion, and small cone remnants are to be seen on the southwest 
flank of the main body. These initial explosions, which may have 
recurred over a long period of time, were followed first by a lava flow 
from the south base of the cone and then by renewed pyroclastic 
activity so that the lava was partly mantled by a new deposit of 
cinders. A period of quiescence then ensued. At that time, Butte 
Lake was larger than at present and white, diatomaceous earth 
accumulated on its bottom. Diller supposed that this quiescence was 
brought to a close by a single, last eruption shortly prior to 1840, 
this flow resulting in the formation of Snag Lake by its clamming 
action on the old drainage. For him, therefore, there were but two 
flows of basalt with an intervening eruption of cinders. But from a 
careful consideration of the color patterns and state of oxidation of 
the lavas and of the several lava "benches," Finch has clearly shown 
that there were actually two or more flows following the last outburst 
of cinders. The latest of these flows, readily distinguished from the 
earlier red and gray post-cinder basalts, is a black lava which poured 
down a median depression in the preceding flows until it debouched 
into the northern end of Butte Lake; its date is reliably placed at. 
1851. 

*' Finch, R. H., and Anderson, C. A., op. cit., 1930. 
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Dotted over the surface of the post-cinder flows, excluding that 
of 1851, are several small cinder cones (see map). These appear to 
be primary cones and are not the result of explosions caused by the 
I>ouring of the basalts into lake water, as Diller suggested. When the 
lavas advanced toward Butte Lake they naturally disturbed and 
ploughed up some of the diatomaceous earth over which they moved; 
moreover, the steam generated by the passage of the lavas over wet 
ground tended still further to disrupt and puff up the earth, until now 

Pig. 61. Cinder Cone, left, and Prospect Peak, right. Quartz basalt flows 
in foreground. Central Plateau and Lassen Peak in distance. 

the deposit reaches a maximum height of 75 feet above the level of 
the lake. A short distance south of the Butte Lake Ranger Station 
one can see how the lava has pushed aside the white earth, forcing 
it outward onto the cinders in large banks, while in the Devil's Corral, 
a small depression almost surrounded by the basalts, the disturbed and 
inflated nature of the earth is strikingly apparent. Possibly a slight 
tilting of the ground accompanied these post-cinder eruptions, but its 
extent is doubtful."* 

Recently Jones49 attempted to estimate the age of the various 
lavas by Chevallier's magnetic method, that is by observing the 
declination over the individual flows. By this means, he computed 
that the earliest lavas were erupted about 500 or 550 A.D., and that 
the post-cinder lavas followed in 1150 or 1200, 1300, 1800, and 1846 
(the last actually being in 1851). These dates can only be regarded as 
rough approximations. 

Microscopical petrography.—At one or two places, the quartz 
basalt may be said to exhibit " a a " and "pahoehoe" surfaces, but by 
far the larger part of the lavas is of blocky character, similar to the 
majority of the lavas of Prospect Peak and Mount Harkness. They 

48 Jones, A. E., Hawaiian Volcano Observatory, Bull., vol. 16, no. 9, Sept. 1928. 
*» Finch. B. H., and Anderson, C. A., op. oit., p. 258, 1930. 
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are dense, black basalts that break with a subconchoidal fracture. 
Xenoerysts of quartz are usually visible to the unaided eye, but other
wise the lavas are only microporphyritic. Corroded, zoned, and glass-
charged plagioelose, olivine, and enstatite are the dominant pheno-
crysts, with accessory hypersthene and augite. The groundmass con
sists of labradorite and augite microliths and pale brown glass stippled 
with ilmenite. Coronas of pale green diopsidic augite or diopside and 
glass generally surround the xenoerysts of quartz which average from 
1 to 2 mm. long but range up to 14 cms. Other inclusions consist of 
oligoclase-andesine, sanidine, and pumiceous, colorless glass, the latter 
commonly streaked out in thin bands. All these inclusions, as Ander
son has pointed out, appear to have been derived from an underlying, 
differentiated body of dacite, a suggestion supported by the close 
similarity in composition between the pumiceous glass and the glassy 
matrix of the Chaos Crags dacite (anals. 44 and 31). In this connec
tion the statement deserves repetition that the Twin Lakes Ancle-
sites lying to the south of Cinder Cone are also rich in xenoerysts of 
quartz, and it may be that this whole area is underlain by a highly 
differentiated mass of dacite of considerable antiquity, even though 
the nearest exposed dacites are on Raker Peak, eight miles distant 
from the cone. Diller's discovery of a dacite fragment in the quartz 
basalt adds further weight to this supposition. It is manifest from 
the foregoing that the old idea of the quartz having originated as a 
primary constituent during the crystallization of the basalt or of its 
derivation from an underlying body of acidic, crystalline rocks should 
no longer be entertained. The quartz basalt of Cinder Cone is clearly 
a hybrid lava. 

Chemical composition.—When the analyses given below are plotted 
on the variation diagram of the Lassen series, they are seen to fall 
close to the curves for all the oxides excepting alumina and magnesia, 
being low in the former and high in the latter. The analyses are also 
noteworthy for their relatively low content of water. 
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QUARTZ BASALT, ETC., OP CINDER CONE AND VICINITY 

ANALYSES 

38 39 40 41 42 43 44 

SiO 56.18 57.25 54.56 56.70 56.53 55.93 79.49 
A1,0, ) 1 6 5 9 $16.45 16.04 15.75 17.50) ^ . „ „ 
TiO, S \ -60 -53 -65 -545 
Cr.O, tr. tr. tr. 
Pe ,0 3 1.51 1.67 .95 1.29 1.35 1.50 .33 
PcO 5.51 4.72 6.07 5.32 5.03 5.20 .49 
MgO 7.26 6.74 8.71 7.16 5.94 7.29 .09 
CaO ) f 7.65 8.89 7.67 8.07 8.04 1 
SrO J. 7.64 [ tr. tr . tr . tr.? \ 1.64 
BaO j [ .03 .03 .03 tr. ? J 
Na.O ) , r s $3 .00 3.05 3.36 3.51 3.32) . n . 
LLO $ 6-M \ tr . tr. tr . ? $ 4 U 4 

FLO 1.47 1.57 1.18 1.56 1.55 1.35 1.52 
H O 42 .40 .28 .30 .27 .26 .68 
P.O, * .20 .18 .20 .15 * 
MnO n.d. .10 .17 .19 .12 n.d 

100.16 100.38 100.64 100.18 100.56 100.23 99.88 

38. Lava from west end of But te Lake. 
39. Lava from near Cinder Cone. 
40. Lava from point one-third of a mile south of Cinder Cone. 
41. Volcanic bomb, Cinder Cone. 
42. Lapilli, Cinder Cone. 
43. Volcanic sand, half a mile northeast of Cinder Cone. 
44. White pumiceous fragment enveloped by lava at base of Cinder Cone. 
Analyst, Hillebrand, quoted in U. S. Geol. Surv. Bull. 79, 1891, and Bull. 591, 

1915. 

AGE OF THE LASSEN VOLCANIC ROCKS 

In discussing the nature of the bedrock upon which the lavas of 
the Lassen region repose it was pointed out that the Tuscan formation 
may underlie part of the area. I t has also been pointed out that mtmy 
of the fragments contained in the Tuscan formation bear a close litho-
logical resemblance to the Eastern basalts of the Park, and while this 
obviously does not prove a common source, it is not impossible that the 
basalts were erupted by volcanoes that were subsequently demolished 
to form the mud-flow deposits of the Tuscan. If such be the case, then 
the basalts are either Upper Pliocene in age or older. So also must be 
the Juniper andesites, the Willow Lake basalts, the Flatiron, and the 
Twin Lakes andesites. On this hypothesis, the remaining lavas of the 
Lassen region, including those of the Brokeoff Volcano, the four shield 
volcanoes of Raker and Prospect peaks, Red Mountain, and Mount 
Ilarkness, as well as all the dacite flows and domes, must be either 
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uppermost Pliocene in age or younger. If on the other hand, the 
Tuscan formation is entirely older than any of the lavas of Lassen and 
vicinity, then the latter all belong to the uppermost Pliocene or a later 
period. Between these two possibilities there is at present no means 
of deciding. 

When activity began in the Lassen region is also a matter of con
jecture. I t is possible that volcanoes were already in existence here 
in Eocene times (vide p. 215), but the first indisputable record of 
activity belongs to the late Pliocene. The major eruptions that gave 
rise to the Brokeoff Volcano, to Lassen Peak itself, and its satellite 
domes, must surely be referred to the Pleistocene and Quaternary, 
while the latest activity at the Chaos Crags and at Cinder Cone belong 
to the last few centuries, and the last explosions of Lassen Peak date 
only as far back as 1917. From this it will be inferred that most 
of the larger features of the National Park were built while the area 
was largely under the cover of ice, for the Alpine glaciers that first 
developed in Pleistocene times persisted among these mountains until 
a comparatively late date. 

THE LAVA SEQUENCE OF THE LASSEN REGION 

The well-known generalization, that in a given region the progress 
of vulcanism is from the eruption of magmas of intermediate compo
sition to those of extreme types signifying continued differentiation, 
has often been applied to the rocks of the Lassen country. This gen
eralization, first put forward by Richthofen, was adopted by both 
King and Diller, the latter supposing that the succession in the Lassen 
area was from hornblende andesites at the base, through pyroxene 
andesites, rhyolites, and dacites to basalts and quartz basalts. Closer 
study fails to reveal such a simple sequence. 

Of the earliest lavas of this region little can be said with certainty. 
Among the first products of activity appear to be rhyolite tuffs and 
andesites doubtfully referred to the Eocene period. Subsequently, 
during the Upper Pliocene, andesites and basalts of varied character 
were erupted to form the Tuscan deposits, interbedded with which 
are widespread dacite tuffs, for which Russell has recently suggested 
the term Nomlaki tuff. Many of these ejecta seem to have originated 
in or near the Lassen country. Possibly some of the rhyolites mapped 
by Diller in the Deer Creek meadows were also poured out at this time. 
Manifestly, the lavas were already well differentiated prior to the 
main activity within the Lassen region. 
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Consider now the succession of lavas within the National Park 
itself. Admitting the fact that the exact age of many of the flows 
is still a matter of doubt, the sequence is roughly as follows, the 
youngest flows being listed first. 

1. Pyroxene andesite (daeitie) of Lassen Peak, 1915 flow 
2. Quartz basalts of Cinder Cone 
3. Hornblende-mica dacite of the Chaos Crags 
4. Pyroxene basalts of West Prospect Peak 
5. Augite basalts, northeast of Butte Lake 
6. Hornblende-mica and pyroxene dacite domes and flows of Lassen Peak 

and vicinity 
7. Bhyolites and rhyodacites of the Terminal Geyser and Grassy Swale 
8. Pyroxene andesites and basalts of the four shield volcanoes, Baker and 

Prospect peaks, Mount Harkness, and Bed Mountain 
9. Hypersthene andesites of the Brokeoff Volcano 

10. Pyroxene andesites and basalts of Table and Badger mountains 
11. Eastern pyroxene basalts 
12. Flatiron pyroxene andesites 
13. Twin Lakes quartz-bearing andesites 
14. Juniper pyroxene andesites 
15. Willow Lake pyroxene basalts 

From the foregoing list, it will be seen that the sequence is far from 
regular, the principal feature being perhaps the late appearance of 
the dacites. I t should be borne in mind, however, that some of the 
dacites approximate closely to andesites in composition, so that in 
many cases they differ but slightly from the earliest, Juniper lavas. 
Certainly there is no gradual divergence from an initial type. Atten
tion should also be drawn to the absence of hornblende andesites in 
this series and to the prevalence, particularly among the earlier lavas, 
of andesites in which augite is developed almost to the exclusion of 
hypersthene. 

CHEMICAL COMPOSITION OF THE LASSEN LAVAS 

According to the twofold division of igneous rocks suggested by 
Harker, the Lassen series belongs to the calc-alkalic or Pacific suite. 
Recently Peacock50 has proposed a fourfold classification into alkalic, 
alkali-calcic, calc-alkalic, and calcic series, according to which the 
Lassen rocks are grouped as calcic. In this later classification, Pea
cock has introduced the useful term alkali-lime index, meaning the 
silica value on the variation diagram at which the curves for total 
alkalis and lime intersect. Indices below 51 belong to alkalic series; 

so Peacock, M. A., Classification of igneous rock series, Jour. Geol., vol. 39, 
pp. 54-67, 1931. 
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Fig. 6:2. Variation diagram of the Lassen Peak region. Larger symbols refer to basic inclusions. 
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from 51 to 56 to alkali-calcic; from 56 to 61 to calc-alkalic; and above 
61 to calcic series. The index for the Lassen rocks he found to be 62.4, 
though from the curves in figure 62, the index is 63.9, which is slightly 
higher than that calculated by Peacock for the Katmai series. The 
affinities of the Lassen lavas with those of Mont Pelee and their differ
ences from those of the Sierra Nevada have already been demonstrated 
byBurr i (seep. 213). 

The characteristic minerals of the calcic series, according to Pea
cock, are rhombic pjmoxene, common hornblende, and quartz. The 
soda-pyroxenes and soda-amphiboles, soda-potash feldspar and feld-
spathoids are typically absent. 

In figure 62 are plotted all the available analyses of lavas from the 
National Park itself, excluding the quartz basalts of Cinder Cone 
but including, for the sake of completeness, certain lavas from the 
adjacent region. The curves of this diagram will be found to differ 
slightly from curves drawn by previous 'writers, largely because many 
rocks of doubtful origin are omitted and many new analyses are incor
porated. In figure 63, the curves for the basic end of figure 62 are 
reproduced and their relations are shown to the quartz basalts of 
Cinder Cone, which are thus seen to be low in alumina and high in 
magnesia. In this diagram there are also included basalts from Pit 
River, Inskip, and near Paynes Creek, the object being to emphasize 
the random scattering of points and their wide departure from the 
normal curves of the Lassen series. Does this imply that these rocks 
are more basic than the liquid from which the Lassen lavas were 
derived ? 

The salient features of the Lassen variation diagram are the rapid 
change of slope in the alumina curve at about 58 per cent silica, and 
the equally marked change in both the soda and potash curves at about 
68 per cent silica. What is the explanation of the first phenomenon? 
Bo wen51 has pointed out that 
if basic plagioclase crystallises from the liquid and its reaction with liquid is 
limited, the alumina curve should fall slowly. On the other hand if i t separates 
but reacts with liquid to produce more sodic plagioclase the alumina curve may 
rise, for this means a decidedly less net subtraction of alumina. I t is, then, to a 
difference in the degree of reaction, at early stages, between liquid and the already 
separated plagioclase crystals that this difference in behavior of the alumina curve 
is probably to be attributed. 

Slow cooling of the magma in the initial stages seems to be essential. 
As for the change of slope of the alumina curve, Bowen suggests that 

5i Bowen, N. L., op. cit., p. I l l , 1928. 
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it may be attributable to the appearance of hornblende. I t will be 
noted from figure 62 that the alumina points for the basic inclusions 
(indicated by larger circles) rise even higher than the curve itself, 
the reason being that the inclusions consist essentially of hornblende 

Fig. 63. "Variation diagram of basalts and quartz basalts of the Lassen region. 
Shows irregular distribution of A1203 (o) and MgO (x) with respect to curves repro
duced in fig. 62. Quartz basalts lie to right of 54% Si02 line. 

and basic feldspar. Among the lavas proper, however, fresh horn
blende is almost confined to the dacites, while even resorbed hornblende 
is practically restricted to rocks containing more than 62 or 63 per 
cent silica. Although there is thus no visible evidence that hornblende 
ever crystallized in the more basic lavas, the possibility is not to be 
denied. 
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Concerning the rise of the potash and fall of the soda curves at 
68 per cent silica, this is a relation seen in almost all variation dia
grams. There is usually a concentration of potash in the extremely 
acid lavas, as is well seen in Bowen's diagram constructed from 
analyses of glassy rocks. He has also suggested processes whereby, 
given appropriate fractionation, a potash-rich granitic liquid can 

Fig. 64. Alumina diagram of the Lassen Peak region, based on molecular propor
tions of oxides. Position of AL03 curve within shaded area indicates proportions of 
CaO in normative anorthite and diopside. Illustrates presence of normative corun
dum in most acid lavas. 

result from the crystallization of a basaltic magma. It is of interest 
here to recall that Hague and Iddings long ago stressed the concentra
tion of potash in the residual glass and of soda in the porphyritic 
feldspars of the Chaos Crags dacite (see anals. 30 and 31, p. 365). 
Accordingly we may assume that the behavior of the potash and soda 
curves is the direct result of fractional crystallization. 

Little reliance can be placed upon the curves for iron and mag
nesia at their basic end. There is, however, a definite tendency for the 
iron curve to rise abruptly while the magnesia curve remains fairly 
steady. If the PeO: MgO ratios be worked out for each analysis, it 
will be found that they show little systematic variation. Thus the 
ratios among the basalts vary from 1.1 to 2.3, while among the dacites 
they range from 1.2 to 2.6, and among the andesites from 0.9 to 1.8. 
Clearly the Lassen series does not reveal the more or less gradual 
increase of the FeO: MgO ratio noted by Bowen in the Katmai series 
as it is followed from the basic to the acid end. Among the individual 
lavas, as noted in many places, there is a marked concentration of 
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iron at the expense of magnesia as crystallization proceeds, but this 
does not seem to hold true for the series as a whole. I t may be that 
one is dealing here with a more varied magmatic history than that 
recorded at Katmai. The unusually high content of magnesia in the 
quartz basalts of Cinder Cone remains an unanswered problem. 

Although the lime: alkali ratio naturally shows a general tendency 
to increase toward the basic end, there is in detail much irregularity. 
The highest ratio among the basalts is 2.15. Among the basic inclu
sions, one analysis reveals a ratio of 2.51, while another, unaccountably 
low in lime, has a ratio of only 0.53. Most of the dacites have a ratio 
of about 0.45, though one is as high as 1.24, while the ratios of the 
andesites vary from 1 to 2. 

Concerning the minor constituents of the Lassen lavas, the follow
ing is an extract from Day and Allen's report: 
Their Ti02 content is a little lower than usual. They contain notable amounts of 
BaO, especially towards the silicic pole, which preponderates as a rule over an 
ever-present but small amount of SrO. All contain traces of lAfi, but ZrO, is 
present, where it has been sought, only in the smallest amounts, and P 20 5 through
out the suite is in smaller amount than usual. MnO is present in normal quantity. 
Cl, F , and S, if present, exist in quantities barely determinable by gravimetric 
methods. 

They also stress the fact that except in the quartz basalts and in the 
1915 lava of Lassen Peak, the content of water is about normal. In 
those two lavas, however, water is notably poor. 

Lastly, the basic inclusions are characterized especially by their 
high alumina content. The points for the other oxides, with the excep
tion of those for lime, fall fairly close to the curves of the variation 
diagram. No explanation can be offered for the unusually low lime 
content of the most acid inclusion. The general characters of these 
rocks are, however, such as to lend support to the idea that they repre
sent early crystallization products of the dacitic magma. Whether or 
not the aberrations of the inclusions are in any way connected with 
crystallization in the presence of abundant volatiles is at present a 
matter of pure speculation. 

GLACIATION 

Throughout most, if not all of the Pleistocene period, the Park was 
under a thick cover of ice, and local, corrie glaciers persisted among 
the higher peaks until comparatively recent times. During its maxi
mum extent the ice doubtless spread far beyond the Park limits, but 
how far it descended toward the Sacramento Valley has yet to be 
determined. Probably the Eastern basalts and the lavas of the Cen-
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tral Plateau had already been erupted before the ice advance, but 
many of the larger volcanoes of the region were apparently active 
during the glaciation. For instance, the four shield volcanoes—Baker 
and Prospect peaks, Red Mountain and Mount Harkness—Lassen 
itself, and most of the adjacent domes as well as the pre-Lassen dacite 
vent were active. Indeed the only post-glacial eruptions were those 
of the Chaos Crags, Cinder Cone, West Prospect Peak, and the basaltic 
cones at the northeast corner of the Park. However, despite the fact 
that an immense amount of lava was erupted while the area was 
mantled with ice, there is apparently nothing in the character of the 
flows to suggest this. Rapid chilling of the lavas comparable with 
that observed among the basalts of Iceland where they were erupted 
under the cover of glaciers has not been detected in the Lassen region. 
Presumably the rise of the Lassen domes and the outpouring of fluid 
basalts resulted in the formation of extensive mud flows owing to the 
melting of snow and ice; if so, then the deposits of such flows must 
have been reworked by the ice and now form part of the morainic 
debris. 

Direction of ice movement— 

The orientation of the striae, of boulder trains, and of morainic 
ridges is shown on the map (foil. p. 385). In many places, particularly 
where the ice passed over blocky lavas, as on Prospect Peak, it is 
impossible to be sure of the trend of the movement, and over large 
areas post-glacial ejecta obscure the evidence. Nevertheless, it is pos
sible to distinguish several centers of ice radiation. Of these Lassen 
Peak was one of the chief. From this center, glaciers moved southward 
down the valley of Mill Creek, the canyon of which has been cut prin
cipally in post-glacial times. Others poured westward down Blue 
Lake Canyon and the dip-slopes of Loomis Peak. Another glacier 
flowed southeast to King's Creek meadows where it forked, one branch 
continuing east along the top of the Flatiron ridge to the Warner 
"valley, and the other swinging southward to the west flank of Red 
Mountain. The ice that moved northward from Lassen entered the 
valleys of Hat and Lost creeks, following approximately along the 
course of the 1915 mud flows. At the base of Raker Peak the main 
glacier separated into two streams, one following Lost Creek, along 
which it left a series of small lateral moraines, and the other hugging 
the west bank of Hat Creek where it impinged on the ice descending 
from the Central Plateau. Minor glaciers joined these two streams 
from the summit of Raker Peak. 
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A second important center from which the ice radiated was White 
Mountain, on the north and east sides of which may be seen incipient 
cirques. The ice moving northward from this center emptied itself 
into Dersch Meadow, or was deflected into Hat Creek and Summit 
Creek, while that moving southward united with the Lassen glaciers 
and continued into Warner Valley. 

Small glaciers descended from the summits of Red Mountain and 
Mount Harkness to join the main streams. Those of Red Mountain, 
as mentioned already, crushed the lava tubes over which they passed 
and modified the form of the summit cinder cone, while those of 
Mount Harkness made little impression on the cinder cone. The Hark
ness ice poured southward into the Warner Valley glacier which it 
joined at an elevation of about 6700 feet, that is about 1300 feet below 
the summit of the mountain. Opposite Mount Harkness, therefore, 
the Warner Valley glacier must have been between 1500 and 1600 feet 
thick. 

On the Central Plateau the ridge connecting Hat Mountain with 
Crater Butte served as a divide between the ice flowing northward to 
Badger Flat and Hat Creek and that moving southward both to Corral 
Meadow, King's Creek, and Warner Valley on the one hand, and to 
the more or less stagnant ice field about Horseshoe and Juniper lakes, 
on the other. Another ice divide ran along the crest of Saddle Moun
tain, via the north base of Mount Harkness and Juniper Lake, east
ward through the Ciystal Cliffs. All the glaciers north of this divide 
emptied themselves into the depression containing Snag and Butte 
lakes, while those to the south either joined the Warner Valley ice or 
moved down Benner Creek toward Chester. I t seems from the valley-
ward orientation of the striae far down the eastern side of the Snag-
Butte Lake depression that the ice flowing northward out of the 
depression was either thin or that corrie glaciers continued to descend 
vallej'ward long after the main glaciation, thereby obliterating the 
north-south striae. 

Evidences of glacial scour are perhaps best seen on the Central 
Plateau where most of the small lakes occupy ice-cut basins. Similar 
rock tarns occur along the eastern margin of the Park. Lake Helen 
and Emerald Lake may also be attributed to glacial action; so too 
may the deepening of the major valleys. 

Well defined moraines are rare, most of them being hummocky 
ground moraines of irregular trend. Among the best preserved 
moraines are those along Lost Creek and that at the head of Manzanita 
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Creek, connecting-Loomis Peak to Vulcan's Castle. Thick, bouldery 
accumulations of glacial debris are strewn over the whole of the 
Central Plateau and in the surrounding depressions, especially over 
Badger Plat, Corral Meadow, and the banks of Snag and Juniper 
lakes. Along Grassy Swale, the pale, crumbly andesites have been 
ground to a fine, white ' ' rock flour'' heaped into low, rounded mounds. 

Thickness of the ice.—Few peaks rose above the ice at the time of 
its maximum extent. Certainly the whole of the Central Plateau was 
covered, though perhaps by not more than a few hundred feet of ice. 
The thickest ice was probably that in the Warner Valley, where its 
surface lay about 1600 feet above the valley floor. In the Snag-Butte 
Lake depression it is doubtful if the main north-south glacier was 
even 1000 feet thick. The Lassen glaciers descending Hat and Lost 
creeks do not seem to have been more than about 700 feet thick, though 
the ice in Blue Lake Canyon, in the south fork of Bailey Creek, and 
in Mill Creek may well have been twice that thick. On the higher 
peaks, such as Red Mountain and Mount Harkness, the glaciers were 
much thinner so that their course was largely determined by minor 
irregularities of the surface features and their erosive power was 
trivial. 

FAULTING IN THE LASSEN REGION 

There are many faults in the Lassen area which are manifest by 
their influence upon the landscape; there are others whose trend may 
be inferred to some extent by the alignment of hot springs; but there 
are many which cannot be located with precision, and can only be 
roughly defined as broad, complex fault zones. Moreover, as one 
becomes conscious of the rapid lateral variations in the thickness of 
the various lavas, and considers also the paucity of exposures over 
wide areas, it becomes impossible to estimate exactly the amount of 
displacement on the faults. I t can be affirmed definitely, however, that 
except in the collapsed caldera of the Brokeoff cone, none of the 
observed faults has a throw of more than 200 feet, and most of the 
recent faults probably have throws that are almost negligible. As far 
as can be judged all these fractures are normal, tension faults. 

Diller suggested that the distribution of hot springs indicated two 
intersecting fissures, one extending in a more or less north-south direc
tion from Mill Creek Springs through Supan's Springs to Morgan's 
Springs, and the other almost at right angles thereto, stretching from 
the Terminal Geyser through the Boiling Lake and the Devil's Kitchen 
to Bumpass Hell. As stated previously, however, there is no surface 
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indication of such continuous faults and it is more likely that the 
springs are related partly to short, minor fractures and partly to an 
intricate set of displacements within the Brokeoff caldera. 

The dominant faults of the Lassen region trend in a northwest-
southeast direction. As examples may be cited the faults in the neigh
borhood of Brokeoff Mountain, the Terminal Geyser-Boiling Lake 
fault, the fault running from Crescent Cliff to Eagle Peak, and those 
bounding the tabular flow that extends from near Cold Boiling Lake 
toward Red Mountain. Still more pronounced are the faults that 
define Warner Valley, and the one following the lower course of 
Kings Creek. I t is true that a few faults do run east-west, such as 
that along Warner Creek, and that others are directed north-south, 
such as that along Little Hot Springs Valley, but these are rare. 
Within the Brokeoff caldera it is quite impossible to locate more than 
a few of the major fractures; apparently, as suggested already, the 
summit of the Brokeoff cone collapsed along a network of faults. For 
this reason only a few of the faults of the Lassen region are depicted 
on the map following p. 385. 

By analogy with the phenomena witnessed during the upheaval of 
recent volcanic domes, it is probable that the rise of the Lassen domes 
was accompanied by extensive outward tilting of the adjacent rocks, 
and by a certain amount of concentric faulting. Definite proof of 
such displacements cannot be offered, but suggestive features have 
already been mentioned (p. 302). 

North of the Lassen region, Finch has remarked that the faults 
swing from their northwest-southeast direction to a north-south trend, 
as along Hat Creek and in the region to the east of Magee Peak. 

Presumably faulting continued at intervals tbroughout the period 
of volcanic activity. I t may be that the fault trough of Warner 
Valley was already defined prior to the eruption of the basalts of Red 
Mountain and Mount Ilarkness (p. 274). and that movement has re
curred along its margins ever since. Several of the faults, such as those 
along Kings Creek and Warner Creek, and that near the Boiling Lake, 
cut the glacial drift. Moreover, the abundance of minor earthquake 
shocks recorded by Finch at Mineral clearly indicates that many faults 
are still active, particularly between Lassen Peak and Brokeoff. 
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