









































1826 W. D. SMITH AND C. R. SWARTZLOW-—MOUNT MAZAMA

built up from the bottom of Crater Lake to a height of nearly 2,000 feet,
and, as far as observations have gone, no other material has been found.
1f the neck of Mount Mazama had been choked with dacite, pumice, and
andesite from the collapsed superstructure, at least some indication of
ihese materials should be present in the cjecta comprising Wizard Island.

The possibility presents itself that the collapsed materials became fused
at depth and were later cjected. The bulk of material compriging the
upper part of Mount Mazama was dacite and dacitic pumice with subor-
dinate quantities of andesite. Unless unusual magmatic differentiation
took place, the andesite of Wizard Island would be less busic in character,
owing to the assimilation of the acidic dacite.

If the remote possibility of fusion and differentiation of collapsed mate-
rial did take place, the mechanics of such & condition are again antagon-
istic to the engulfment theory proposed by Diller. If sufficient heat were
present to fuse all, or most, of the engulfed 17 cubic miles of rock frag-
ments, there was far too much heat to allow an original opening large
~ enough to receive the subsided materials. '
It will, doubtless, be pointed out that it is unnecessary to stipulate a

~ “hole” or cavity into which the mass of Mount Mazama would fall, but .

that, through the process of magmatic stoping the previously extruded
" natter would be slowly melted and assimilated and, thus, obeying the laws
of hydrostatics, be re-absorbed and re-distributed in the magma reser-
voir. The writers do not believe there could have been a “hole,” but, if
solid collapse occurred, one must have existed. They fail to see just how
and why the normal extrusive processes in the case of this type of moun-
tain would be reversed. In the Kilauea type, a low lava dome voleano
of very basic and very fluid lava, this would be expected, but not in the
composite cone type, such as Mount Mazama. '

There are two objections to the stoping theory: First, the absence of
fused materials within the crater rim, and, second, the presence of caves,
which are found almost exclusively in the andesite. Had the caves been
formed by stoping instead of being simple flow cavities, there should be
approximately the same number of caves in the dacite. Furthermore, if
these caves were exposed to a stoping magma, it seems reasonable to
assume that the magma would have filled the caves. Some geologists may
advance the contention that these caves have been exposed during sub-
sequent erosion, but the writers believe that the crater is a young physio-
graphic feature and that there has been insufficient crosion to support this
contention. The rim walls are steep and precipitous, the angle of repose
of the talus is high, and the beach around the lake is exceedingly narrow,
all attesting the youth of the crater.

In support of engulfment and resorption in the new magma of the
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materials of the upper part of the mountain, further chemical and petro-
graphic study is needed. .

On this point, Ernest McKitrick, who worked on some phascs of the
problem, says: ‘

“The evidence for this would be the same as that cited by Fenner in his study
of Xatmai; the presence of basic phenocrysts in siliceous pumice and the gradational
stages in the digestion of older rock. IHe also points out the presence of banded or
variegated pumice and attributes this to the solution of more basic rock in the
new siliceous magma just prior to eruption. So far as I have observed, such features
are Jacking at Crater Lake, and in the petrographic study made by Patton, I do not
reeall his pointing out such features.”

Since Patton’s study, accompanying Diller's paper, very little petro-
graphic and chemical research on the rocks of this region has been made.
It is hoped that David Griggs, who spent several weeks in the field during
the field season of 1935, and who collected an extensive series of samples
of lavas and pyroclastics, will follow this paper with the results of his
petrographic studies.

The writers have given considerable thought to the possibility of gradual
collapse by piecemecal stoping but have been unable to visualize this
process in a mountain of this type. In voleanoes of the Kilauea type, this
explanation seems rcasonable, but not in one whose history, in the main,
has been largely that of extrusion, much of it violent.

RECORDS OF SOME PACIFIC RIM VOLCANOES

The writers know of no volcano of the Pacific type that has certainly
collapsed. In fact, they know of no mountain of any kind about the
Pacific that has been engulfed, although Krijanovsky records a compara-
tively recent eruption in Kamchatka of the voleano Klyuchevskoi, one
of the great but apparently little known voleanoes of the world.?® In this
cruption, “the sharp summit collapsed into the crater, destroying the
symmetry of its wonderfully regular cinder cone.” B

Since this article was first written, Howel Williams has described the
Newberry craters in central Oregon and has presented apparently sound
arguments for subsidence and engulfment at that place.® To the writers,
however, conditions in the Newberry craters and their history appear
markedly different from those at Crater Lake.

As evidence of the general rule among Pacific Rim volcanoes, and not

17 Clarence N. Fenner: The Katmai region, Aluske, and the Great Eruption of 1912, Jour, L., v
28 (1920) p. £60-006, . s ! » dour. Gieal vol.
"8 Perasoncl cominunication.
1 N. Krijanovsky : Voleanocs of Kemchatka, Geol. Sos. Am., Bull.,, vol. 45 (1934) p, 620-540.

9;51;0;;:! Willisms: The Newberry volcano of central Oregon, Geol, Sos, Am., Bull., vol. 40 (1935)
P. =oV3. .
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the exceptions, one need merely to call attention to the followmg eX-
plosive eruptions within historic times:

(1772) Papandayang, Java—9,000 feet elevation, 30,000,000,000 cubxc '

. feet of ejecta. Height of mountain reduced to 5,000 feet.

(1815) Tamboro, Sumbawa, near Java—50 cubic miles of ejecta. .

(1882) Galoongan, Java—Explosion, no estimate of amount of ma-
terial ejected.

(1883) Krakatoa, Sunda Straits—5 cubic miles blown away.

(1888) Bandaisan, Japan—Greater part of cone blown away.

(1911) Taal, Philippines—Old voleano crater disemboweled by explo-
sion and crater lake formed.

(1912) Katmai, Alaska—Explosion, 4.75 cubic miles of ejecta.

The writers’ attention has been called, in conversation with Father
Bernard Hubbard, to Aniakchak volcano in Alaska. Walter R. Smith,

of the United States Geological Survey, believes that Aniakchak at-

tained its present condition through explosion.®* It has a remarkable
resemblance to the crater of Crater Lake. The orifice of Aniakchak
(Pl. 6) is similar in proportion and shape to Crater Lake; it lacks a large
lake nearly filling it. Owing to a breach in the wall, most of the Aniak-
chak crater is now empty of water, though a small lake, Surprise Lake,
does exist in the northeast quadrant, Near the south side is & single small
secondary cone, built up subsequent to the great explosion, much as in the
case of Wizard Island. By blocking off the lower portion of one of the
panoramic views of this crater and coloring the lower portion blue to
simulate the lake in Crater Lake, the likeness of it to Crater Lake is
almost startling. Perhaps this proves nothing, but such physiographic
resemblances may not be entirely fortuitous.

In Italy, New Zealand, and elsewhere are many crater lakes, some with
sccondary cones and some without, but all, as far as can be learned at
present, formed as a consequence of explosive activity. Merealli ** records
a crater lake, similar in size and appearance to Crater Lake, on the island
of Niuafoou in the Tonga Archipelago. The physiography of this lake,
8 kilometers in diameter, is, judging from his excellent photograph, almost
a duplicate of that of Crater Lake except for the presence of two islands
instead of one. This crater lake is said to have been formed as a result
of a violent explosion in 1886.

If one of the writers had not been familiar w1t.h the history of Taal
voleano in Luzon, where an explosive eruption in 1911 and subsequent
formation of a crater lake comparable in every way to Crater Lake

AW, R. Smith: Amakchak volcano, Alaska Peninsule, U. 8. Geol Surv., Prof. Pap. 132 (1925)
p. 130-149,
22 G, Merealliz I vulcani attivi della terra (1207) p. 79, pl. IX.
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cxcept in size, was witnessed, he might be willing to entertain such an
unusual hypothesis as that of engulfment at Crater Lake as a possibility,
perhaps, though not as a probability. :
The eruption of Taal ** was of the Pclean type; more than a thousand
persons were asphyxiated by the exploding gases. After the major erup-
tion, the floor of the old crater was found to be completely gone and a
large steep-walled crater, not greatly unlike that of Crater Lake, ex-
cavated, It was about 260 feet deep, but in a few weeks it had filled with

. seepage water, and today a small crater lake exists where, prior to the

eruption, one could walk over a fairly smooth floor.

SUMMARY AND CONCLUSIONS

Summarmng the preceding conmderatmns, and others not elaborated
in this article, the objections of critical importance to the traditional col-
lapse theory seem to be the following:

(1) The distribution, character, and known quantity of volcanic ejecta
within a reasonable distance of Crater Lake seem to indicate that explo-
sion is the most acceptable explanation for the origin of the crater of
Mount Mazama. -

(2) The so-called “backflow” of Diller in Cleetwood Cove can be
explained by faulting and slumping, in part, and also by the way the sec-
tion was cut by the extrusion of material from the main vent. Even if
this were a genuine “backflow”, it would not disprove explosion.

(3) The shape and character of the materials of the crater are typical
of known explosion volcanic craters. The shape of the crater at Crater
Lake is remarkably like that of typical mine craters and quite unlike
that of subsidence craters.

(4) Molten material of recent age, which might have issued at some
vent lower down on the slopes of Mt. Mazama, has not been found.

(5) Glaciation of the surfaces about the rim has been overemphasized.
Most of these surfaces have been completely concealed by pyroclastics,
predominantly pumice.

(6) Known subsidence craters, like that of Kilauea, exhibit stnkmrrly
different featurcs from those found at Crater Lake.

(7) Subsidence areas in the younger basalts outside the limits of
Crater Lake show features in nc way resembling what one finds within
Mount Mazama'’s crater. ' .

(8) All other voleanoes on the Pacific Rim, with possibly one or two
exceptions, known to have partially destroyed themsclves, havc done 50
through explosion.

#W. E. Pratt: Phillipine Jour. Sci., vol. 6, no. 2, see. A (1911) p. 63.
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(9) The calderas of the Azores, of Italy, and of the Rhine region, all
i appear to be of similar origin and have hitherto been explained as caused
by explosion.

(10) The great mantle of pumice and other ejecta about Crater Lake
has masked the coarser fragmenta, which Diller thought ought to be
more in evidence,.——" - =

; 1) Much of the finer ejecta from Mount Mazama may have been
,f" blown for hundreds, and even thousands, of miles from the crater; one
| cannot expect to find 17 cubic miles of such material all within a short
. - distance of the mountain. e e
. . (12) The mechanics of the ‘problem, for a mountain of the explosw
type, such as Mount Mazama, seem to offer insuperable difficulties to the
enguliment explanation.

(13) The closing stages of vulcanism, during which three newer cones
i of pyroclastic materials were built up within the giant crater, would seem
* to be quite at variance with general subsidence of the mountain.

(14) A probable post-Mazama period of minor glaciation and later

erosion by streams have removed an unknown quantity of the fragmenta
| that formerly covered this area.
i (153) None of the materials found on szard Island appears to be
similar in composition or strueture to those that formed the upper part
of Mazama. '

(16) The ejecta of Wizard Island are of a composition that scems to
preclude the assimilation of acidic rocks with any other known material
in the vicinity of Crater Lake.
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MANTSCRIPT RECEIVED BY THE SECRETARY oF THE Sociery, Juxe 10, 1935,
Reap serore TEE Corortrerax Section, AeriL 12, 1035,

s P T A P LS B T T

SRECER S R

SR

o
fes 1

g
&
g
:
jer.




