SCIENTIFIC RESULTS OF THE KATMAI EXPEDITIONS OF THE
NATIONAL GEOGRAPHIC SOCIETY.

XII. THE GREAT MAGEIK LANDSLIDE.
ROBERT F. GRIGGS.

When in our exploration of the Katmai District we entered
the upper reaches of Martin Creek, we came upon a most
curious terrane, a third wonder almost worthy of being ranked
with the Ten Thousand Smokes and the crater of Katmai,
The valley was filled with a stupendous mass of broken up rocks,,
piled together in the utmost confusion, so different from any
of the common physiographic features that its interpretation
for a time seemed an insoluble riddle.
The upper portion of this Valley, for five miles from its head
out on to the flat plain, where it is more than a mile wide, is
covered with a great mass of debris. Piles of broken rock,
chunks of soil, masses of peat and plant remains are everywhere
jumbled together in indiscriminate heaps. The bowlders
comprise several sorts of rock; fragments of an old lava flowr
tuff from an ancient eruption, and blocks of sandstone are all
mixed together.
BOWLDERS AS BIG AS A HOUSE MORE THAN A MILE FROM
THEIR SOURCE.

Rocks ten feet across are abundant, and in some places,
compose the bulk of the terrane, while much larger bowlders are
frequently encountered, some of them as large as a good sized
house. Many measure more than 30 or 40 feet. The largest
single stone observed was 75 feet long, 35 feet wide and 20 feet
high, lying half hidden in the surrounding debris. (See page
326).
The mass is spread so thinly over the valley floor as apparently to change but little the original contours. Its general
surface is fairly flat, conforming with that of the broad open
U-shaped valley in which it occurs, but it is thickly studded
with curious conical mounds of detritus which contribute much
to its puzzling appearance. (See page 352). In the lower part
325
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of its course it forks, sending a branch down both of the two
streams that drain the valley. One of these branches is especially
noteworthy for it terminates in an extremely narrow tongue,
•closely confined to the slight trench of the stream. Although
scarcely a hundred yards wide, this tongue is a mils long.

Photograph by Robert F. Griggs

ONE OF THE LARGER ROCKS OF THE SLIDE, SURROUNDED BY
SMALLER DEBRIS.
The largest bowlder observed, which was 75 x 35 x 20 feet, was not favorably
situated for a photograph.
DIFFERENCES FROM A GLACIAL DEPOSIT.

When I first saw this terrane from a distance, I supposed,
from its obvious flow structure, that it was a rock-covered
glacier, and it was only on nearer approach that it was seen
to contain no ice. But it shows so many resemblances to a
.glacial deposit, that for a time I supposed it must be some freak
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of glacial action, for I could not at first imagine any agency
other than ice which could move huge bowlders with as great
ease as fine sand. In places also its surface is pitted with
characteristic circular puddles, exact miniatures of the " Kettlehole Ponds," so familiar to students of glacial deposits. (See
page 343). Since these could be readily accounted for by the
melting away of an embedded block of ice or snow after the
mass reached its present position, their occurrence gave color
for a time to the glacial theory.
But it has several important characteristics which show at
once that it was not the work of any glacier. It has no moraines>
no ridges of any kind at its end or edges, nor is there any sign
of the push and shove everywhere characteristic of ice work.
There is none of the piling up and gradual overthrow of massesof resistant solid material caused by the steady downward creep
of the irresistible ice, but, on the contrary, the mass gives
evidence of having possessed a high degree of internal fluidity
permitting it to spread out in a thin layer over the ground.
Although lacking any resemblance to morainic ridges, the
terminal edge is perfectly clear cut and distinct, sharply contrasting with the surface of the original soil beyond. In some
places the margin is a steep convex bank, about three feet
high. (See page 328). But in others there is merely a thin
veneer of debris spread over the ground. (See page 329).
The effect on the bushes that lay in its path, also seen
particularly well along the margin, likewise affords clear and
positive evidence that it is no glacial moraine. An advancing
glacier slowly overwhelms the trees that stand in its way,
gradually pushing them over by piling debris against their
trunks. But here the willows and alders were broken sharp
off, clear up to the very margin of the flow. The line of destruction is as sharp as the edge of the debris itself. (See page 345).
There are many places where one may observe cleanbroken stumps protruding through their covering of debris,
within a few feet of similar bushes standing untouched beyond
the margin of the drift, These bushes were not simply bent
over before the advancing debris, nor were they uprooted by
its force, they were snapped off sharp as though struck by a
flying rock. (See page 328).
In the terminal portion of the mass there are few of the rocks,
so characteristic of the upper portion. On the contrary, the
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terminus is composed more largely of fine materials, among
which are great chunks of black peat soil. In some places these
masses of peat are scattered irregularly through the debris,
but in others they are thrown-into rude rows. (See page 351).
The lateral edges, several miles back from the terminus,
have a different character still more distinct from the -moraine
ridges of a glacier. For here the edge may be said to be concave,
instead of convex. That is to say, instead of piling up, the

Photograph by Robert F. Griggs
TERMINAL EDGE OF MAGEIK SLIDE.
..Although obliterating the alder thickets wherever it touched them, it showed no
tendency to form ridges resembling moraines. At this edge the slide
covered the ground only four or five feet deep. The
black chunks are masses of peat.

debris slumped away from the highest level it reached, leaving
a hollow rather than a ridge. This is particularly well shown
along the foot of one of the encircling mountains, so located as to
have stuck squarely out into its path. Here it ran over the
barrier, clearing the vegetation and soil from the rock to a
height of nearly 100 feet above the present level of the debris.
But instead of piling up against the obstruction, as a glacier
would have done, it slumped away again, leaving the hillside
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almost free from debris, and forming a deep hollow all around its
base, in which has gathered a considerable body of clear green
water, the "Horseshoe Pond." (See pages 330 and 336).
Even more significant than the absence of moraines along the
margin of this terrane is the fact that it branches. In addition
to the two main forks, there is, near the terminus, a manifest
tendency for the edges to splay out into minor branches.
Parts of two of these little branches are well shown on page 345.
A forking glacier is, to be sure, no impossibility; but a mass of
ice can be divided only when it meets an insuperable obstacle
capable of withstanding the enormous power of its advance.

Photograph by Robert F. Griggs
A THIN EDGE OF THE SLIDE, WHERE IT RAN UP THE SIDE OF A
LITTLE HILLOCK.
The grass land at the left was not touched by the slide. The covering of debris is
so thin that it scarcely alters the contour of the hill.

In this case no such obstacle existed, for the terrane lies in a
broad open valley which happened to be occupied by two
streams flowing in separate courses to their confluence below.
Originating on a branch at an angle to the general course of
the main valley, it ran straight across the valley and then,
turning the corner, continued for more than two miles down the
beds of the two streams. The height of the divide which thus
served to split it is so slight that it seems altogether incon-
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sequential. As one studies the situation in the field, he is
astonished that such a mass of heterogeneous solids should
have had the capacity of adjusting itself so completely to slight
differences in the gradient of its bed.
EVIDENCE OF SUDDENNESS OF FORMATION.

Another striking difference from a glacier lies in the fact that
the terrane under consideration bears unmistakable evidence
of having been formed suddenly. There are numerous fragments of the original vegetation which were not destroyed

Photograph by Robert F. Griggs
A HILL SCOURED OFF BY THE SLIDE.
The flying rocks scoured off the soil nearly a hundred feet up this hillside, yet
before movement ceased the mass skimped away again, leaving a
deep depression now filled with water, forming
the Horseshoe Pond.

by the catastrophe. Some of these, indeed, still remain alive
and have begun to grow again. (Seepage 331). Such a thing would
hardly have been possible in a glacier, for its action is a typical
example of the working of the old adage, "The mills of the Gods
grind slowTly, but they grind exceeding fine." The transportation of such a bowlder as that shown on page 331, from
the mountain top down into the valley by a glacier would
require a number of years, during which all traces of vegetation
would in all probability have been ground up in the repeated
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overturning to which glacial bowlders are usually subject.
These fragments of vegetation were evidently carried "right
side up with care" all the way down the mountain to their
present resting place.
INDICATIONS OF THE DATE OF ITS OCCURRENCE.

Along with indications of suddenness of formation is other
evidence which fixes rather closely the date at which this curious
mass of debris reached its present position. By all the criteria
of physiography it is very young—indeed, infantile. Two
streams traverse its. surface for some miles, but have scarcely

Photograph by Robert F. Griggs
ORIGINAL VEGETATION PERSISTING ON A ROCK IN THE SLIDE.
By some freak this grass, with the soil in which it grew, was transported, ' 'right
side up with care," for two miles down to the valley from its original
position at the top of the cliff.

begun to erode their beds. They spread out in most irregular
fashion over the uneven surface of the debris, without having
even so much as scooped out a channel for themselves. (See
page 332). The bowlders in their beds are still angular, like
the rest of the material, in sharp contrast to the rounded cobbles,
of typical streams. The surface is so fresh that, despite the
large content of soil in places, new vegetation has only just
begun to take hold. Considerable numbers of fragments of
the overwhelmed bushes lie embedded in the debris in such
fashion as to leave no doubt that they are contemporaneous
with it. Such pieces of wood must, of course, rot away in the

Photograph by Robert F. Griggs

DRAINAGE OF THE SURFACE OF THE SLIDE.
The several swift streams which cross its surface have not even cut beds for themselves in the gravelly debris.
The water simply spreads out irregularly over the uneven surface.
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course of a few years, but as yet they show few signs of decay.
These circumstances combine to make it certain that the
material was thrown into position very recently.
On the other side, it is certain that the terrane goes back
to the time of the eruption by reason of the fact that its surface
is in many places covered with the layers of ash from Katmai.
Because of local irregularities in deposition, I have not been
able to satisfy myself whether all layers of ash are present or
only the upper strata. But it is significant that close beside
these spots covered with stratified ash are others which show
no sign of ash or in which it is mixed with the debris in such
fashion as to indicate that while the mass in the main must
have reached its position before the end of the eruption, yet
there were minor movements after the ashfall. This combination of circumstances appears to fix pretty definitely the
formation of the terrane as co-incident with the eruption.
The presence of the original vegetation on its surface and
other features suggests the similarity of the terrane to a landslide. Fragments of the original ground surface were similarly
transported in the great landslide at Frank, Alberta, as described
by McConnell and Brock,* who report, "One large bowlder
still retains on its upper surface a coating of moss and a fragment
of rotten log lying quite undisturbed." But here again there
are important differences which at once distinguish this from
the ordinary landslip. Its surface has neither the hummocky
billows nor the crescentic ridges so characteristic of landslides
in general. Instead it possesses a peculiar type of surface
different from anything I have ever seen in regions of ordinary
physiography.
Everywhere the surface of the terrane shows a marked
tendency to be studded with the most curious conical piles of
detritus. Some of these are astonishingly perfect (in form. In
others the conical form is less perfect. Nevertheless, it is so
unusual and so strongly impressed on the topography as to
excite the wonder of everyone who beholds it. The pictures
on pages 349 and 352 give a good idea of the general character of these cones.
*McConnell, R. G., and Brock, R. W. Report on the Great Landslide at
Frank, Alberta, 1903. Ann. Rept. Dept. Interior, Canada, 1903. p. 10.
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Our difficulties in interpreting this feature were evidently
very similar to the experience of Cross and Howe, who first
described the "Rock Streams" of Colorado which closely
resemble the present terrane, for in their first account of them*
they say: "Probably masses of the same character occur in
many other localities, but they are less sharply defined from
other debris and hence, so far as we can ascertain, they have
never attracted sufficient attention to be particularly described.

Photograph by D. B. Church

ONE OF THE LARGEST OP THE ROCK PILES.
The man against the sky line gives the scale. In this case the pile departs somewhat from the conical shape, but was evidently formed in
the same manner as the more perfect cones.

The most striking of these masses, and those to which attention
was first directed, closely resemble debris covered glaciers at
the heads of the basins or cirques in which they occur. * * *
All the accumulations just described impress one with a sense
of motion, looking as if they had flowed as do viscous masses and
were still advancing from the head walls of the cirques downward. So noticeable was this that in the field they were spoken
of as "Rock Glaciers," and upon the map receive the name of
" Rock Streams. " * * * The larger rock streams, however,
*Silverton Folio.

(U. S. Geol. Survey Folio 120, p. 25), 1905.
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must owe their origin to glaciers; no other agencies could transport such vast quantities of rock so far from their sources."
This same opinion was held by Chamberlin and Salisbury*
who say, "the loose debris on steep slopes sometimes assumes a
sort of flowing motion and descends the slope with some such
form and at some such rate as a glacier," illustrating such "talus
glaciers " by a picture of one of the Silver Basin " Rock Streams."
This view is further strengthened by the strong resemblance
of the gouged out mountain side from which they originate
to a glacial cirque. But in the landslides of the Katmai
district any inclination to interpret the hollows at the heads
of the flows as glacial is at once disposed of by the obviously
fresh unweathered surface of the rock, which of itself shows
that they were never occupied by a glacier whose disappearance
would have involved a considerable lapse of time and the
consequent weathering of the surface of its cirque.
After further study, however, Howe reached the same conr
elusion concerning his rock streams that was independently forced
upon the writer in his field examination of the Mageik Slide,
for in this final review of the situation, four years later, he
concludes:! "There can be little doubt that the detritus of
which the Rock Streams are composed flowed down the valley
sides or basin floors; not, however, 'at some such rate as a
glacier' but with a sudden violent rush that ended as quickly
as it started. A study of the San Juan Rock Streams carried on
through a number of field seasons has failed to show that they
are now in motion or that they have come to their present
position as a result of slow glacier-like movement. "$
If the evidence was sufficient to justify Howe in deciding
that the comparatively old features he observed were a special
class of landslide, it is much clearer in the fresher Mageik
Landslide, for when glacial action is eliminated and the1
destructive action on bushes is observed, little doubt of its
nature can remain.
•Geology, Vol. I. 2nd ed., 1905. pp. 232-233.
fHowe, Ernest. Landslides of the San Juan Mountains, Colorado. U. S.
G. S., Professional Paper 67, p. 54. 1909,
|In this connection I would take occasion to express my obligation to several
of my geological friends, Dr. Whitman Cross, of the United States Geological
Survey; Dr. Rollin D. Salisbury, of the University of Chicago; Dr. R. A. Daly,,
of Harvard; and Dr. J. E. Carman, of the Ohio State University, who by their
counsel have aided me in the preparation of this paper.
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GEOLOGICAL STRUCTURE FAVORABLE FOR LANDSLIDES.

An examination of the geological structure of the area where
the slide occurred reveals conditions favorable for the development of the conditions of unstable equilibrium prerequisite to
landslides. Massive lava flows several hundred feet thick have
been poured out on a platform of sandstone dipping away from
the vents. The strata are bent up against the volcanoes all
around, as though they had been blistered up by the injection
of a laccolith beneath.

Photograph by D. B. Church

DETAIL AT THE EDGE OF THE MIDDLE SECTION OF THE SLIDE.
The man at the right gives the scale. The mountain side was deeply plowed up
by the flying rocks. Note the absence of any marginal ridge and
the high percentage of solid rock in the detritus.

The lava flowing down the inclined surface of the sandstone
often congealed before reaching the bottom. As it hardened,
joint planes perpendicular to the sloping surface developed,
changing the solid flow, to a certain extent, into a series of slanting columns. Closely adjacent to the part of the cliff that fell
away, colossal columns are still standing, apparently so ready
to topple over that the marvel is that they survived the shock
which set off their neighbors. (See page 349).
Through the joint cracks water doubtless reached the
original surface and, working along, may have greatly facilitated
movement by lubricating a bed for the unstable mass above.
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Of the immediate cause which set off the fall, one is left to
speculation. Undoubtedly there were earthquakes in connection
with the eruption, but they do not seem to have been particularly violent. It is not impossible that there may have been a
further uptilting of the strata by the injection of new magma
below. Unstable equilibrium from such a cause would be the
simplest, if not the only, explanation of the continual succession
of avalanches which have coursed almost without intermission
down the slopes of Falling and Noisy Mountains since their
discovery. It is interesting further to. note that while the
cliff at the head of the Mageik Landslide was quiet during
our observations in 1917, it was subject to frequent, heavy
rock falls in August, 1919. There is, however, little if any
independent evidence of recent uplift except such as is furnished
by the actively falling cliffs themselves.
DIMENSIONS OF THE SLIDE.

The top of the cliff from which the rock started stands at an
elevation of about 3,000 feet. The height of its present perpendicular face is some 750 feet. The width of the area that fell
away is about 2,000 feet. We have no means of knowing how
much further down the valley it may have projected before the
fall. As it stands now, since the fall, its face is a great concave
cirque, evidently gouged out of the face of the mountain. Its
bright new surface of unweathered columnar lava contrasts
strikingly with the duller cliffs round about.
The cliff from which the rock started stands on a branch to
one side of the main valley. From this point it swept down half
a mile of steep slope and then across the flat valley for nearly
two miles to the opposite mountain side. Then, deflected partly
by the mountain wall and partly by an obstructing spur part
way across, it turned a 60° angle and continued down the valley,
in a broad flat sheet a mile wide, more than two miles further.
Beyond this point a relatively minute tongue continued on
in the bed of a stream for another mile before coming to rest.
The total length from the cliff to the extreme tip is about
five and a half miles, divided as follows: Upper steep portion
about half a mile, descending about a thousand feet; middle
section about one and three-quarters miles, descending 400 to
500 feet to an altitude of about 800 feet; broad lower end about

Photograph by D. B. Church

A PORTION OF THE ROCK SLIDE FROM THE SLOPES OF NOISY MOUNTAIN.
The cones of detritus in the middle distance are everywhere the characteristic feature of the surface of the slides.
In the foreground is Katmai River, which spreads out irregularly over the angular bowlders of the slide.
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two miles, reaching an altitude of about 500 feet; and the
narrow terminal tongue a mile long but hardly 100 yards wide,
coming down just below the 400 foot contour.
The upper portion, just below the cliff, has somewhat the
character of an ordinary talus slope. But its bowlders are of
a very great size, many of them 30 to 40 feet in diameter and
its general contours are concave in sharp contrast with the
ordinary cone of talus. Along with the large size of its bowlders
goes a certain roughness and irregularity of surface not found
in the typical talus.

Photograph by' Robert F. Griggs

THE CLIFF FROM WHICH THE SLIDE ORIGINATED.
The steep slope of its upper course contrasts with the low gradient of the flat
valley covered by the lower section. The Slide has been
darkened to make its outlines more evident.

The irregularities of the upper surface perhaps foreshadow
the conical mounds that appear so plentifully in the middle
section, but there are no such features on the steep portion
of the slope.
In the second portion that occupies the flat valley above the
bend are the largest and most perfectly developed cones. Here,
also, is a much higher percentage of large rocks and less soft
stuff than the lower portion below the bend, for the cones
gradually become smaller and less numerous as one approaches
the tip, although some cones and some very large bowlders
occur clear down to the end.
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The area covered by the debris may be provisionally stated
as approximating four square miles. Of the quantity of material
that fell away we are not in a position to make even a very
intelligent guess, since we know neither the original contours
of the cliff, nor can we tell how deeply the debris covers the
ground. From the statements of the thickness of other slides
given below, it appears conservative, however, to estimate the
average thickness as ten yards. On this basis the cubage of the
mass would be in the neighborhood of 120,000,000 yards.
CONE STUDDED SURFACE BELIEVED TO BE CHARACTERISTIC OF
VERY VIOLENT LANDSLIDES.

No features of this great landslide are more striking, or
arouse more universal speculation as to their nature and significance than the remarkable conical piles with which its surface is so thickly studded. The general texts on physiography
in common use make no mention of such topographic forms.
As several of our most experienced geologists with whom I
have discussed the matter have assured me that nothing similar
has come within their experience, I am inclined to think that
they have not been adequately described previously. They are
not, however, unique, nor are they confined to this particular
landslide.
From field study of other landslides of the Katmai District,
and from an examination of the literature, I am inclined to
the opinion that this curious type of cone studded topography
is not accidental, but is a characteristic feature of extremely
violent landslides generally.
Noisy Mountain, in the second valley of Katmai River,
above the Canyon, had a slide in every way similar to the
present. There is a gouged out cliff beneath which is a great
tumbled mass of debris spread out over the valley floor, damming
the river and forming the upper Katmai Lake. This, too, isthickly covered with the same regular cones. (See page 338).
Falling Mountain at the margin of the Valley of Ten Thousand Smokes is a gouged out cliff in every way similar to the other
two. But in this case the enormous quantity of rock that
has obviously fallen away from the mountain is for the most
part covered up by subsequent deposits. Nevertheless, severalvery perfect cones like those of the other slides protrude from
the deposits that fill the valley level full elsewhere.
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The first time I ever observed such topography was on the
lower slopes of Augustine Volcano in Cook Inlet in 1913.
They were so striking as instantly to arouse speculation as to
their origin. (See cut below). At first I supposed they must
be some sort of an expression of volcanic forces. But a little
examination made such a hypothesis untenable, because of the
heterogenous character of the debris of which they were composed, and because of the clear evidence that they never
possessed craters nor any semblance of a radial structure.

Photograph by Robert F. Griggs
CONICAL PILES OF DETRITUS ON THE FLANK OF
AUGUSTINE VOLCANO.
The similarity to the topography of the Mageik Slide, and of the slide from Noisy
Mountain, illustrated on page 338, is obvious.
SIMILAR CONES DESCRIBED IN OTHER SLIDES.

In their discussion of the slide at Frank, Alberta, McConnell and Brock* say, "Peculiar conical mounds built of
loose rocks up to three feet in diameter were noticed at several
points. The origin of these mounds is uncertain, but some of
them may represent portions of ridges which have been partly
destroyed by flying rocks." These are clearly distinguished
from other cones which they thus describe: "Diminutive
cones with crater-like depressions in the center, due to the:
•McConnell, R. G., and Brock, R. W. op. cit.
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escape of imprisoned air, are common features of the mud
flats." Cones of this latter type are to be expected in any
terrane that has undergone sudden movement requiring subsequent readjustment in accordance with the specific gravities
of the different portions of the mixed up mass. They are well
known features of earthquakes. But in these, as in all other
•cones thrown up around a vent of any sort, there are clear
indications of a radial structure underlying the circular outline,
while in the mounds under discussion there is absolutely no
suggestion of a radial structure or of an axial throat terminating
in a crater at the apex. On the contrary, these cones are made up
•of materials of all sizes mixed together in the most hit or miss
fashion. The large bowlders occur near the periphery or near
the axis indifferently. The position of the large stones often
furnishes the most positive proof that there could never have
been a crater at the top. (See page 349).
Similarly in their figures of the great landslide at Elm, in
'Switzerland, Buss and H'eim* show very plainly the same conestudded surface, although they seem not to have discussed it. ••
Again, at Bandai San, Sekiya and Kikuchi.f (See page 353),
figure and describe such cones in very striking fashion.
A HYPOTHESIS TO ACCOUNT FOR THE CONICAL PILES.

The occurrence of such numbers of regular cones scattered
-over the surface of these landslides naturally aroused immediate
speculation as to their nature and the causes that had brought
them into being. But it was a long while before any theory
at all suggested itself. And now, even after they have been,
studied in the field for two years, I cannot do more than offer
a hypothesis, admittedly supported by very little evidence,
which may perhaps aid in interpreting them.
The only previous attempt to explain them which I have
seen is that of McConnell and Brock, cited above. It is evident
from their statement that they do not place much weight on
their hypothesis, and indeed a glance at the abundant cones
shown in the pictures reproduced herewith will make it evident
that it would be difficult to account for the cones on the Mageik
*Buss, E. and Heim, A., Der Bugsturz von Elm. Zeischer Deutsch Geol Gesell.
1882, pp. 74, 435.
fSekiya, S., and Kikuchi, Y. The Eruption of Bandai San. Journ. Col.
Sci. Imp. Univ., Tokyo. 3:91-172. 1889.
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Slide as remnants of former ridges which have been destroyed
for the most part by flying rocks. They are too numerous.
Nor could one suppose that if such ridges had been present
originally, every one of them would have been destroyed. Such
a hypothesis would, moreover, leave us with the problem of
accounting for the disappearance of both the material of the
erstwhile ridge and the rock which demolished it. The cones
show, furthermore, no tendency to fall into transverse lines.

Photograph by Robert F. Griggs
A DIMINUTIVE "KETTLE HOLE" POND NEAR THE TIP OF
MAGEIK SLIDE.
This may have been caused by the melting away of a chunk of ice or snow.

Some conspicuous cones are to be found in places where the
general mass of the slide, the portion strewn evenly on the
ground, forms a surprisingly thin veneer often less than a yard,
sometimes hardly a foot, in thickness. In such places the
total bulk of the smooth portion of the slide is less than that
of the mounds with which it is covered. When I thus
discovered large mounds standing isolated in very thin
portions of the slide, it began to appear that the material
composing the mound must have traveled together as a unit
into its present position. In other words, the cones seem to
represent discrete masses of material which travelled together
throughout the motion of the mass and so settled down in the same
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place when the motion ceased. The conical form is, of course,
merely due to the subsequent rattling down of the shattered
fragments to form slopes standing at the angle of repose for such
materials.
The thin layer of debris spread evenly over the ground
represents, on this view, the more fluid material, the lubricating
•matrix, which bound together the more solid portions of the
slide sufficiently to permit the whole to act as a homogeneous
mass expending its energy as a unit, rather than as a bunch of
separate rocks, each dependent on its own individual momentum
to overcome the friction that opposed its movement.
Whether this hypothesis has any basis in fact or not could
probably be determined only by observation of such a slide in
action, but one further circumstance was observed which lends
it some probability, namely, this: Some of the cones are
composed of the same sort of material throughout. When
that material is lava bowlders, the fact is not particularly
striking, but one finds occasionally a cone composed exclusively
of broken up sandstone. Since there is in the slide, taken as a
whole, only a very small percentage of sandstone, a good sized
mound of it seems to be most reasonably interpreted as the
remains of a single large block which though thoroughly broken
up, was not scattered by its journey down the valley. (See
page 352.)
THE SURPRISING LIQUIDITY OF THE SLIDE.

In almost every feature of this remarkable mass that one
-examines, he sees clear evidence of a liquidity that is nothing
short of astounding in view of the materials of which it is composed. From whatever aspect one considers the phenomenon
thoughtfully, his speculations are sure to be brought back to the
problem of accounting for this surprising behavior.
If the slide had been composed entirely of soft material like
much of that at the terminus, its liquidity would be easy of
comprehension. For in the spring of the year, when the eruption and in all probability the slide also occurred, such material
becomes thoroughly saturated with snow water and is so nearly
liquid that nothing but an initial impulse is needed to send it
rolling off the hillside at any time. In climbing the mountain
directly above the slide we found considerable ground where
we sank nearly to our knees during the period when the snow
was going off. Much of the material of the terminal portion of
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the slide itself has this same consistency so that we had to
pick our way over it with some care.
But the greater part is composed of no such material. In
places it is made up exclusively of angular bowlders. (See page
347.) It is this portion of the slide whose "liquidity" is so
difficult to understand. Indeed, that a mass composed of solids
of such heterogenous sizes and angular shapes could, by any
means, have been made to behave like a liquid seems
incomprehensible.

Photograph by Robert F. Griggs

PART OF THE TERMINUS. THE TWO BRANCHES SHOWN INDICATE
THE TENDENCY OF THE SLIDE TO "SPLAY" OUT AT THE TIP.
The standing bushes beyond the reach of the slide contrast with the broken sticks
protruding from the debris here and there.

If we might be permitted to suppose that these rocks rode
down on top of the mud which continued to flow on down the
valley after the rocks stranded, explanation would be easier.
But such a supposition seems to involve difficulties as great as
that which it would explain. (1) It is difficult to see how so
much of the mud could have thus flowed on, leaving so little in
the interstices between the stones which it carried. (2) Being
derived supposedly from the soil on top of the cliff, it is difficult
to see how it could get beneath the flowing mass. That much of
it did not do so, but remained on top, is shown by the persistence of fragments of vegetation which survived the
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catastrophe. (3) The soil on the mountain top was a very thin
layer as compared with the great thickness of rock which fell
away. The quantity is altogether too small to suffice to
lubricate the bed of the coarse rock. The evidence seems to
require, therefore, that we hold that this striking liquid character was inherent in the whole mass.
We are not in a position to analyze the situation sufficiently
to permit of an explanation of the matter, but some considerations may be adduced which may make it seem less impossible.
An ordinary liquid like water buoys up any solids immersed in
it, and the buoyancy thus imparted to them is equal to the
weight of the liquid which they displace. Examination of the
slide indicates that during the period of its fluidity it had similar properties. The position of certain of the rocks imbedded
in the mass can indeed hardly be explained on any other basis.
In some cases a bowlder, several feet in diameter, surrounded
entirely by finer material, was carried up to the very edge in
such fashion that by no stretch of the imagination could it be
considered as having slid or fallen into place, but must have
floated into position. Since, moreover, the specific gravity of
this liquid was much greater than that of water, its power of
flotation must have been correspondingly increased. This
becomes especially significant when it is recalled that the specific
gravity of the liquid approached closely to that of the stones
which it carried. Thus, while the density of the liquid may
have been only twice as great as water, its power of flotation,
which is measured by the difference between the specific gravities of the load and liquid, was very great. When, in addition
to this, it is remembered that the transporting power of a liquid
increases with the sixth power of its velocity, and that the slide
probably had a velocity much higher than that of any ordinary
stream, its curious behavior may perhaps be better understood.*
On looking up the literature on my return from the field, I
find my opinion confirmed by eye-witnesses of the Elm landslide, which was evidently closely similar to the present one.
*Sekiya and Kikuchi, as quoted below, give the velocity of the slide at Bandai
San as 48 miles per hour, while the flood current of a great river seldom exceeds
7 miles per hour. In other words, the transporting power of a stream with the
velocity of the slide would be more than 100,000 times as great as that of an ordinary flood. It is doubtful if the numerical comparison would hold where the
conditions are so different. No attempt should be made to apply it numerically,
but the statement gives a lively idea of the possibilities in this direction.
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Sir William M. Conway* in describing this event says: "In
this last phase of the catastrophe 10,000,000 cubic meters of
rock fell down a depth (or an average) of 450 meters, shot
across the valley and up on the opposite slope to a height of
100 meters, where they were bent 25° out of their first direction
and poured, almost like.a liquid, over a horizontal plain covering it uniformly throughout a distance of 1500 meters and

Photograph by Robert F. Griggs
IN PLACES THE SLIDE IS COMPOSED OF SHARP ANGULAR BOWLDERS.
That a mass made up exclusively of such materials could by any means have been
made to behave like a liquid seems incredible, yet the
evidence that it did so is unequivocal.

over an area of about 900,000 square meters to a depth of 10-20
meters. The internal friction of the mass and the friction
between it and the ground were insignificant forces compared
with the tremendous momentum that was generated by the
fall. The stuff flowed like a liquid."
*Conway, Sir Wm. Martin.
as quoted by Howe. op. cit.

The Alps from End to End.

1900. pp. 176-183,
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The slope of the bed down which the slide coursed is of the
form most favorable to reducing friction and so assisting the
motion, for it approximates Shiele's Tractrix, or "Antifriction
Curve," such as is used in a toboggan slide. As in a toboggan
slide, starting with a nearly perpendicular drop and gradually
changing into an inclined plane of ever decreasing pitch whose
friction absorbs the acceleration due to gravity and keeps the
toboggan moving at a nearly constant rate to the end of its
course, so in the Mageik Slide there was first an almost vertical
drop of 750 feet, then half a mile of steep hillside, followed by a
flat valley of gradually, decreasing grade until in the last mile
the descent was only about 200 feet. It is thus evident that,
aside from the bend in its course, the form of its bed was such
as to offer a minimum of resistance to its movement.
COMPARISON WITH OTHER LANDSLIDES.

The dimensions of the Elm Landslide as given above were:
Average fall 450 meters, length 1500 meters, area 900,000
square meters, depth 10-20 meters, volume 10,000,000 cubic
meters.
The Frank Slide covered 1.03 square miles, to an average
depth pf 15 yards. The amount of material moved is estimated
at 36,000,000 cubic yards.t
v
The Rossberg Slide is said to have been 4300, yards long,
349 wide, 35 deep, and to have totalled 5Is,000,000 cubic yards.f
The Colorado landslides are especially notable because of the
great number. that have occurred in a restricted area in the
vicinity of Silverton, The largest single area covered with
landslide material is Silver Mountain Landslide, which covers
ten square miles, being therefore considerably larger than the
Mageik Slide. But this is believed to be a compound of several
slides that occurred at different times. Moreover, it is not
of the violent type, but an ordinary landslide which is believed
to have been in continuous slow movement for a long time.
Of the "Rock Streams''1 proper, the largest in the Silverton
area is somewhat less than a mile long, and therefore very
much smaller than the others that have been cited.
Of the other landslides in our area, two are so large as to
deserve notice in this series of comparisons. The Katmai
tMcConnell, R. G., and Brock, R. W. op. cit.
JGoldau und Seine Gegend. Neues Jahrbuch, 1875.
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Slide, which dammed Katmai Canyon, causing when it broke
the Great Flood, has been estimated by Maynard from his
survey to contain, 88,000,000 cubic yards, which though far
inferior to the Mageik Slide, is nearly twice as large as any of
the other records quoted above. The Noisy Mountain Slide
looks much bigger than the one in Katmai Canyon, but the
survey has not yet been carried into that area, so that it is
impossible to give any estimate of its dimensions.

Photograph by Robert F. Griggs

ONE OF THE CONICAL PILES OF THE SURFACE OF THE SLIDE.
The rock on top shows clearly enough that the mound was not built up around a
crater. In the distance is a leaning pillar of columnar lava suggestive
of the conditions of the cliff which fell to form the Slide. In the
foreground is much white ash from the eruption, which
does not appear on the mound, probably because
of readjustment of the surface after the
close of the ashfall.

As each of the slides cited above was considered a very
remarkable event, it is evident that those of the Katmai District
are to be ranked as among the most notable examples of their
class on record. They are, however, by no means the greatest
of such phenomena that have been reported. Aside from
records of slow-moving landslips of the ordinary type with
which we have no concern, there are accounts of other catastrophes belonging to the same violent type of landslide as ours,
which so far exceed the slides we have described as to quite
dwarf them by comparison.
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THE GOHNA LANDSLIDE.

On September 6, 1893, an enormous mass of rock fell 4000
feet from Mount Maithana, in the Himalayas, into the Bhirai
Gunga, at its foot. The violence of the fall is attested by the
formation of great clouds of dust which darkened the neighborhood for miles around and on falling covered the ground like
snow. The falls lasted for three days and continued in rainy
weather for many months. The fallen material formed a
great dam stretching along the river for two miles, filling the
channel to a depth of 900 feet; the length across the gorge was
600 feet in the bottom and 3000 feet at the top, the thickness of
the dam up and down stream was 11000 feet at the bottom and
2000 feet at the top. Above the dam a great lake, with a.maximum depth of 777 feet, accumulated, and was later released in
one of the greatest floods of record. Although the surface
covered by the debris was only 423 acres, it is evident that the
amount of material far exceeds any of the slides discussed above.
THE GREAT SLIDE AT BANDAI SAN.

What appears to be the greatest landslide of which I have
been able to find a record is a phenomenon not previously
considered in connection with landslides at all, but as a peculiar
sort of volcanic explosion—the eruption of Bandai San, in
the province of Iwashiro, Japan, July 15, 1888, which covered
an area of some 27 square miles with its detritus. Although
this disturbance as described by Sekiya and Kikuchi* admittedly
involved no magmatic extrusion, there seems no good reason
to doubt the belief of the Japanese authors that it originated in
a series of steam explosions in rock affected by some subterranean source of heat, i. e., was a phreatic explosion as defined
by Daly.
Once set in motion, however, the mass behaved as a landslide and manifested all the characteristics of the Mageik Slide.
It was this aspect of the phenomena, rather than the explosion,
that caused the loss of life and damage to property, and hence
it was this that occupies a major share of the account of the
catastrophe. The following excerpts from the account are of
more than usual interest in connection with our problem:
*Sekiya, S., and Kikuchi, Y. The Eruption of Bandai San. Jour. Col. Sci.
Imp. Univ. Tokyo. 3:91-172. 1889.
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"While darkness as aforesaid shrouded the region, a mighty
avalanche of earth and rock rushed at terrific speed down the
mountain slopes, buried the Nagase Valley with its villages and
people, and devastated an area of more than 70 square kilometers."*
Recognizing that the main phenomenon of the eruption
was not properly volcanic, the authors go on, (p. 106): "The
main feature in the whole of this eruption was the deluge of
rock and earth. Notwithstanding the violence of the phenome-

Photograph by Robert F. Griggs
CHUNKS OF PEAT IN THE SLIDE DEBRIS.
Near the terminus of the slide are great masses of peaty soil. In some cases the
chunks were thrown into rude windrows by the motion of the mass.

non, and the completeness with which the mountain was
destroyed, the nature of the eruption was comparatively simple.
The destructive agency was merely the sudden expansion of
imprisoned steam unaccompanied by lava flows or pumice
ejection. * * * by far the greater mass of Kobandai was
just split into mighty fragments, which were thrown down
much after the manner of a landslide. * * * If we suppose
*Op. cit. p. 104.
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a mass of some 1.21 cubic kilometers, or 1,587 millions of cubic
yards, which was the actual volume of the mountain destroyed,
of sand to be suddenly precipitated from a lofty summit, it
would flow down the sides in a torrent not very unlike that of
water. That the earth and rock debris did flow down in this
way we were convinced by examining the actual state of things
on the spot, and more particularly by witnessing afterwards
with our own eyes a very similar phenomenon, though on a
vastly smaller scale.

Photograph by Robert F. Griggs
A CONE MADE UP ENTIRELY OF SANDSTONE.
Since sandstone forms only a very small percentage of the material of the slide as
a wnole, a pile like this composed exclusively of sandstone seems best
interpreted as the remains of a single large sandstone block,
which was much broken up. but not scattered, in its
course down the valley.

"One day, while we were at work in the crater, a huge slice
of the precipitous wall of rock that had been bared by the
explosion, fell suddenly and crashed with a tremendous uproar
down the steep incline beneath. This slab fell from a place
about 300 meters high. The great masses of earth and rocks
were shattered as they fell and broken up into pieces ever
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growing smaller as they descended. The behavior of this headlong mass resembled the rush of a headlong torrent. Although
bowlders measuring 10 meters or more in diameter were mixed
up with finer matter, as a whole the movement approximated to
that of a fluid. No words can describe the fierceness and force
•of that impetuous downpour—it made surgings this way and
that, and the bold leaps with which it would now and then
bound over low ridges that hindered its progress, and shoot
onward down the neighboring depression.
u
I n like manner probably, but on a vastly more gigantic
scale, the stream of materials on the 15th of July ran down
the slopes of Bandai San, dividing as it went into two princpial
branches."
It is to be noted that although this second flow was described
.as essentially similar to the first, there is in this case not the
least hint of a volcanic disturbance connected with its cause.
It is described as a typical rock fall, pure and simple, yet it is
recognized as practically identical with the great eruption.
The eruption was accompanied by a great cloud of dust
which, the authors carefully explain, was essentially different
from the pumiceous ash of an eruption like Krakatoa, for it
•consisted merely of fragments of finely pulverized rock, i. e.,
it was a typical dust cloud such as always accompanies a landslide. In every detail their description and figures show the
features of a landslide. They go on (p. 110) as follows: "Among
the various phenomena that constantly bewilder the eyes of
visitors to the seat of the eruption, not the least striking are
the numerous big bowlders, some of them measuring from five
meters to ten meters each way, that are to be seen resting on
the surface of the debris far away from the crater. These have
evidently been carried along as part of the mud current, and
not hurled through the air. Not less curious are the quantities
of small cones, varying from a few meters up to 15 meters in
height, which are scattered here and there over the surface,
standing out of the debris like so many miniature Fujiyamas."
Their drawings of these innumerable cones studding the
surface of the flow are perhaps even more striking than the
.photographs accompanying the present article.
The velocity of the Bandai San Slide was tremendous. Our
authors estimate it as 77 kilometers, or 48 miles, per hour. It
was accompanied by terrific wind blasts which overthrew
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houses and tore up trees by the roots. The minimum velocity
of these winds was estimated by Mr. Y. Wada of the Imperial
Meterological Observatory at 40 meters per second, or 90 miles
per hour.
From these quotations it is evident that while the disturbance
undoubtedly began with explosive phenomena, which were
probably an indispensable factor in setting the mass of rock in
motion, yet the behavior of the Slide, once started, was that of
the typical violent landslide like that of Elm or those of the
Katmai District.
With the perspective furnished by these comparisons, we
are enabled to rank our landslides among similar phenomena
that have occured elsewhere. It is evident that they are considerably larger than the best known landslides, but yet, if the
eruption of Bandai San be rightly grouped in this class of
phenomena, they must be counted pigmy affairs in comparison
with some landslides that have occurred.

