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MECHANICS OF COLLAPSE 1825 

cubic miles. This comprised the upper 6,000 feet of the mountain and 
n ll of the present interior of the rim of Crater Lake. These estimates of 
Diller aro generally accepted by investigators of the origin of Crater Lake, 
whether or not his theory of destruction is subscribed to. Any alternative 
that is proposed for the destruction of Mount Mazama, .must account 
for these quantities. Certainly, a mountain of that magnitude must have 
IJccn present to account for (1) t he vast syslem of glaciers on 
!\laznma, probably as extensive as the system on Mount Rainier, (2) the 
size of the base of the mountain, (3) the angle of the slope. 

The third point mentioned at the beginning, the shape of the receptacle 
into which the collapsed portion fell, is significant, because the depth 
of the hole would be largely dependent on the shape of the opening. Ho\\'­
evcr, there is no way of determining whether the opening was cylindrical, 
:;phcricnl, conicnl, or merely irregular. 

At the present t ime, t he rim rises above Crater Lake to a maximum 
height of nearly 2,000 feet. The sounding of the deepest part of the lake 
i:-, likewise, 2,000 feet. It is true that tllese_ are maximum figmes, but 
lh.ey may be used with justificntion when one realizes that, aiter the 
destruction of Lhc top of Mount M n.zn.ma, three volcanic cones were built 
up in Lhc bol tom of the lake. H may easily be supposed that this added 
mnlerinl built up the bottom of the crater several hundred feet. · 

T hr.rc is, Lhcn, n vertical cfo:lnncc of 4,000 feet from t he top of t he rim 
10 the hollom of the lake. Mount Mazama rose 7,000 feet above the 
present crnler rim, however, making n total distance of 11,000 feet from 
lite top of the mounLoin to the bollom of the b kc. Dut, below this, there 
11111sl ha\'e rxistecl an opening lo.rgc enough to receive the 17 cubic miles 
of s11prrsl.ructure Lhnt is supposed Lo linve collapsed. If the cross-sectional 
:m:n of the neck of MounL Maznmn is assumed lo have been two square 
llli les1 nn atl1 li tinnal depth of 8% miles, or something ovc1· 44,000 feet, 
c·x islc<l, mnkinµ; t.hc tot.al depth of the hole, from the top of Mount 
l\T nzanrn, about G5,000 feet. Jt seems patently impossible for such a 
C"aviLy lo exisL in lhc earth's crust. The pressure and heat developed at 
!-llch n depth would cause t he closure of the opening long before that 
cl <•pLh were reached . 

There remains, then, the possibility that Mount Mazama collapsed into 
n hllge irrc:g1 darly sphernid:tl opening. But, again, an opening of 17 cubic 
!!li!rs, existing bc:low 11,000 feet., is nenrly as impossible a concept as the 
<.ne rcqllircd for the conditions already mentioned. 

A nothr.r po in L lo consider is Lhe fact that, nfter the d<·,;l r11 el ioll of 
j\ lo11 11 t !Vlllirn ma, 1.l1ro;e cones were built up on the bottom of Lhn cr:i lrr. 
Two nrc r.o\'rrrd by the lake, and the_qnly one thnt mny be sLudierl , 
Wiznr<l l slnnd, is composed of nndesitc fragments. The island 
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built up from the bottom of Crater Lake to a height of nearly 21000 feet, 
and

1 
as far as observations have gone, no other material has been found. 

If the neck of Mount Mazama had been choked with dacite, pumice, and 
andcsite from the collapsed superstructure, at least some indication of 
these materials should be present in the ejecta comprising Wizard Island. 

The possibility presents itself that the collapsed materiuls became fused 
nt depth and were later ejected. 'The bulk of material comp1·ising the 
upper part of Mount :Mazama was dacite and dacitic pumice with subor­
dinate quantities of andesite. Unless unusunl magmatic differentiation 
took place, the nndesite of Wizard Island would be less busic in character, 
owing to the assimilation of the acidic dacite. 

If the i·emote possibility of fusion and differentiation of collapsed mate­
rial did take place, the mechanics of such a 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 illuch heat to allow an original opening large 
enough to receive the subsided mat~rials. 

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 

·matter 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 ocQurred, one must have existed. They fail to see just how 
n.nd why the l)ormal extrusive processes in the case of this type of moun­
tain would be reversed. In the Kilauea type, a low lava dome volcano 
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 exciusively in the andesite. Had the caves been 
formed by stoping instead of being simple flow cavities, there should be 
approximately the snme number of caves in the dacitc. 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 
ndvance the contention that these caves have been exposed during sub­
sequent erosion, but the writers believe that the crater is a young physio­
graphic !eaturc nnd that there has been insl.1fficient erosion 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 engulf rnent and resorption in the new magma. of the 
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l!mtcrials of the upper part of the mountain, further chemical and petro­
graphic study is ncc<lc<l. 

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

"The evidence for this would be the same ns that cited by Fenner u in his study 
of l{ntmai; the presence of busic phcnocrysts in siliceous pumice and the gradational 
stages in the digestion of older 1·ock. He also points out the presence of bnnded or. 
vn.ricgn.ted pumice and n.ttributes 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 
arc lacking at Crater Lake, and in the petrographic study made by Patton, I do not 
recall his pointing out such features." 18 

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 piecemeal stoping but have been unable to visualize this 
process in a mountain of this type. In volcanoes of the Kilauea type1 thi.s 
explnnation seems reasonable, but not in one whose history, in th~ main, 
has been largely that of extrusion, much of it violent. 

UECORDS OF SOME PACIFIC RlM 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 com:para­
tively recent eruption in Kamchatka of the volcano Klyuchevskoi, one 
of the great but apparently little known volcanoes of the world.19 In this 
eruption, "the sharp summit collapsed into the crater, destroying the 
symmetry of its wonderfully regular cinder cone." 

Since this article was first written, Rowel Williams has described the 
Newberry craters in central Oregon and has presented apparently sound 
arguments for subsidence and engulfment at that place.20 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 

11 Clurcnco N. Fenner: 'l'lic Katmai region, Alaska, and tl1e Great Eruption o/ llJlt, Jour. Gcol., \tol. 
28 (1020) p. 660-606, 

· 1a Persona.I eominuniel\tiun. 
111 N. Krijnnovsky: Volcanoes o/ Kamchatka, Oeol. Soo. Am., Bull., vol. 45 (1930 p. 529-540. 
:o Ilowel Williams: The Ncwbt'rr11 volcano of ccmtrol Oregon, Oeol. Soo. Am., :JJull., vol. 40 (1035) 

p. 253-SOt 
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the exceptions, one need merely to call attention to the following ex:·. 
plosive eruptions within historic times: 

(1772) Papandayang, J ava-9,000 feet elevation, 30,000,000,000. cubic 
: feet of ejecta. Height of mountain reduced to 5,000. feet. 

(1815) Tamboro, Sumbawa, near J ava-50 cubic miles of ejecta. 
(1882) Galoongan, Java-Explosion, no estimate of aI_Dount of ma-
. terial ejected. 
(1883) I{rakatoa., Sunda· Straits-5 cubic miles blown away. 
{1888) Bandaisan, J a.pan-Greater part of cone blown away. 
(1911) Tn~l, Philippines-Old volcano crater disemboweled by explo­

sion and crater lake farmed. 
(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, 
oi the United States Geological Survey, believes that Aniakchak at­
tained its pres~nt condition through explosion.21 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 
fake 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 a single small 
~econdary 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 tl1e lake in Crater Lake, the likeness of it to Crater Lnke 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 
secondary cones and some without, but all, as far as can be learned at 
present, formed as a consequence of explosive activity. Mcrcalli 22 r~cords 
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 with the history of Taal 
volcano in Luzon, where an explosive eruption in 1911 and subsequent 
formation of a crater lake comparable in every way to Crater Lake 

aw. n. Smith: Artiakcl&ak 11olcano, Alaaka Peninaula, U. S. Gcol. Surv., Prof. Pnp. 132 (19~) 
p, 139-140. . . = o. Mcrcnlli: I vulcani attM della tcrra (UlO?) p. 70, pl. IX. 
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except in ·size, was witnessed, ho might be willing to entertain such. an 
unusual hypothesis as that of engulfment at Crater Lake as a possibil~ty, 
perhaps, though not as a probability. · . 

The eruption of Taal 23 was of the Pclean type; more than a thousand 
persons were asphyxiated by the exploding gases. ·After the major erup­
tion, the floo1· of the old crater was found to be completely gone and a 
l:l.rge 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 
emption, one could walk over !l- fairly smooth floor. · 

SUMMARY AND CONCLUSIONS 

. .,f)ummarizing the preceding considerations,. and others not elaborated 
inthis article, the objections of critical importance to the traditional ~ol­
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 
M~~~ . 

(2) The so-called "backflow" of Diller in Cleetwood Cove can be 
cxplnined 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 "backfiow", 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 
IJake 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 strikin.gly 
different features from those found at Crater Lake. 

(7) Subsidence areas in the younger basalts outside the limits: of 
Crater Lake show features in no way resembling what one finds within 
Mount Mazama's crater. · 

(8) All other volcanoes on the Pacific Rim, with possibly one or two 
exceptions, known to hnvc partially destroyed themselves, have done so 
th~ough explos.ion. 

:ia W. E. Pratt: Phillipino Jour. Sci., vol. 6, no. 2, sec. A (1011) p. 63. 
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(9) The calderas of the Azores, of Italy, and of the Rhine region, all 
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 D iller thought ought to be 
more in ev· en.c.e....-----·-----

.--- 1) 1vluch oi the finer ejecta from Mount M.azama may have been 
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 
ciistance of the mountain. ______ -- ---

.. ' . -·-·-- -- --·-- ___ .,.__ ~· . . 
(121 The mechanics of the probTcm, for a mountam of the explosive 

type, such as ::\fount :\Iazama, seem to offer imuperable difficulties to the 
engulfment explanation. 

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

(14) A probable post-i\fozama period of minor glaciation and later 
erosion by streams haYe removed an unknown quantity of the fr:.lgmenta 
that formerly covered this area. 

(15) ::\one of the materials found on Wizard I sland appears to be 
~imi l:-tr in composition or structure to those tha t formed lhc upper part 
of ?.Iazama. 

' '- (16) The ejecta of Wizard I sland are of a composition that seems to 
preclude the a:.:simibtion of acidic rocks with any other known material 
in the Yicinity of Crater Lake. 

t :":n:r.3:rr OP Ouco". Et:ct"E· On.t. ; us1vt•s1rr or :'.ll1ssot:• t, CoLt::«nt.<. :'.\lo. 
:'-,{.--.~t;SC!UPT !.£CEt\"EO BY THE SECRCTARY OF 'fllE 5ocJETY, JU~l: JO, J!J35. 
Hc.o ecroltl: rec C<.notLLEP-•:> Sccr10", APP.tL 12, !035. 
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