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As we explored the Valley of Ten Thousand Smokes, the
first thing that attracted our attention, when we could look
beyond the smokes themselves, was a curious line that encircled
the Valley almost like the high water mark of a flood. Above
this line were the ordinal gray ash slopes, below, it was a
great mass of compact hard tuff of a terra cotta color quite
different from the ordinary ash.

Examination disclosed the fact that the floor of the Valley
is covered with a massive deposit of enormous thickness, which
has no counterpart on the surrounding hills. The interpreta-
tion of the character and origin of this deposit was, for a long
while, our chief problem as we explored the Valley and its
branches, for its evident peculiarity at once excited our
curiosity.

The difficulty was not that its relations were obscure, for
they are so obvious as to suggest the interpretation at first
sight. The trouble was that this evident explanation was so
seemingly impossible that we were altogether unwilling to
accept the testimony of our senses until the evidence became so
overwhelming as to eliminate the possibility of further doubt. I*

Since returning from the field, we have held the matter in
reserve, until we could thoroughly digest the evidence and talk
it over with some students of volcanism in whose judgment we
had confidence. When the matter was first put before these
men, it was met with the most violent opposition. They
uniformly reacted to the proposition exactly as we had ourselves
when we first encountered it in the field. But in the end, when
the evidence was presented and all objections answered, with-
out exception they accepted the interpretation as the necessary
consequence of the facts.

*Copyright, 1919, by National Geographic Society, Washington, D. C. All
rights reserved.
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I have thus entered into a somewhat personal statement of
the matter because I must expect my readers, at least those who
have any previous acquaintance with volcanoes, to assume the
same attitude and would bespeak in advance their careful
consideration to the end, rather than the unceremonious rejec-
tion which would otherwise be the fate of the account.

Photograph by R. F. Griggs

A CANYON NEARLY 100 FEET DEEP, CUT INTO THE MUD FLOW.
Although this section is located far down the Valley, it shows no indication of the

bottom of the mud flow. The thin strata of the Katmai ash may be
seen near the top. The figure at the left gives the scale.
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I would further add that I am not committed to any theory
of the origin of this curious terrane, but will be glad to accept
any other interpretation that can be suggested, provided only
that it is consistent with the facts as found in the field. Certainly
any suggestion that would relieve us of the necessity of postu-
lating an entirely new type of volcanic action will be most
welcome.

VALLEY OF TEN THOUSAND SMOKES FILLED WITH A GREAT
DEPOSIT OF TUFF.

Surrounded as it is by high and rugged mountains, the most
striking feature of the conformation of the Valley of Ten
Thousand Smokes is the flatness of its floor. One could ride
a bicycle for miles along its smooth surface, and there are many
places between the lines of activity that would be ideal landing
fields for airplanes. (See map, page 138).

Where the drainage gullies have gashed this surface, its
flatness may be seen to be due to the smooth top of the terra
cotta tuff already mentioned. The traveller peers into these
£anyons in the hope of finding some clue to the thickness of
this massive tuff, but in this he is disappointed. In such places
<?ne finds cuts of 40, 60, or even 100 feet down into its mass,
but none of these, in the upper portion of the valley, reach its
pas.e and reveal the character of the formation beneath. This
j$ not only very puzzling, but very impressive as well, for when
one finds that it is more than 50 feet thick over wide areas, it
becomes evident that the volume of the formation is enormous.
Our inability to find any section through it was rendered the
more significant by reason of the fact that almost all of the
trenches in it are located not in the middle of the Valley, where
it might be supposed to be thickest, but along the edges where a
minimum thickness would be expected. (See page 118).

The enormous,volume of this mass was further emphasized
as we extended our exploration through the Valley, for then
it became evident that the area covered by it was much greater
than had appeared from the head of the Valley. First we found
the branch valley heading in the Broken Mountains covered
with it. Then we saw the great valley between the Broken
Mountains and Knife Peak all filled in the same way, clear
back to Novarupta Volcano, forming with the main valley a
complete circuit around the Broken Mountains. Finally,
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before we came to its extremity, wTe had reached a distance of
20 miles (32 km.) from the point where we first encountered
it back of Observation Mountain, and 15 miles (24 km.) from
the divide back of Novarupta Volcano. Altogether it occupies
an area of 53 square miles (137 sq. km.). At its highest points,
on the divide back of Novarupta and in Katmai Pass, it reaches
an altitude of about 3,000 feet, while at the other extremity it
extends down to within about 300 feet of sea level.

Photograph by J. D. Sayre
"HOODOO" NEAR FISSURE LAKE.

Characteristic "Hoodoo" weathered out of the solidified mud near Fissure Lake.
The stratified ash from Katmai lying on top of the massive mud flow

is well shown at both right and left.

Everywhere, in appearance and structure, this formation
closely resembles the Katmai mud flow. In color and character
the material of the two are of almost identical appearance,
being darker and finer than the other ejecta of the recent
eruption. They have the same total absence of stratification or
of horizontal cleavage planes, contrasting most strongly with
the thin beds of the stratified ash. Where cut into by erosion
or sheared by faulting, they break with irregular fractures
running in any direction with the line of stress. By reason of
the character of their cleavage, they are often broken or weath-
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ered into the most fantastic blocks, like the hoodoos of the
bad land region, (see pages 118 and 120).

The bulk of it is composed of very fine dust-like particles,
closely packed together until the}7" form a compact, homogeneous
mass. But in this mass are included numerous lumps of pumice
and fragments of rock of all sizes, sometimes in large quantities,
but always without any trace of sorting or stratification,
except where the material was obviously subject to secondary
readjustments.

Photograph by C. F. Maynard

LOOKING TOWARD KATMAI PASS FROM BAKED MOUNTAIN.
The high mud mark sloping down into the Valley on each side of the mud

flow is very evident.

VALLEY SLTRROUNDED BY A CONSPICUOUS
''HIGH WATER MARK."

The "high water mark," separating the chocolate tuff-
covered basin of the Valley from the gray ash slopes of the
mountains before alluded to, impresses one more and more
as he studies the phenomenon. It follows, in a general way, a
contour line 200 to 360 feet above the floor of the Valley. While
it thus reminds one of the shore line of a pond, it is obviously
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A GENERALIZED SECTION OF THE VALLEY OF TEN THOUSAND SMOKES.
Taken approximately on a line connecting the summits of Knife Peak and Mt. Martin. For the sake of compactness sections

of the branches of the valley between Baked Mountain and Knife Peak are omitted, although they also were filled
by the mud flow and contain many active volcanoes. The thickness of the mud flow and all data

indicated below the surface of the ground are, of course, purely hypothetical.
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not precisely level like the shore of a lake, but is subject to
variations in level so large as to be easily discernible to the eye
without the use of instruments; as though the Valley had been
filled with a heavy, viscous fluid like tar, which, as it flowed down
the Valley, had succeeded only imperfectly in finding its level.
The most conspicuous example of this is in the southwest corner
of the Valley under the glaciers of Mageik, where the "high
water mark" is more than a hundred feet lower than further
east along the foot of Mount Cerberus. But the same departure
from a precise level appears in many other places. (See pages
121, 130 and 136).

All around the margin of the Valley, just below the "high
water mark," runs a series of gaping fissures, as though the
surface had been stretched by subsidence after its formation.
Conditions remind one of a temporary puddle which, after having
frozen over heavily during a rise in a river, is drained again so as
to let the ice down onto the bottom with consequent stretching
and cracking all along the shore. The analogy is carried further
by the criss-cross cracks, which run in all directions across the
surface like the contraction cracks in a frozen pond. (See
page 108). Where the ridges from the shoulders of the mountains
project into the Valley, the marginal fissures coalesce and run
far out into the Valley in just such a Y form as do the ice cracks
at the point of a peninsula in our drained pond. In another
place, where there was apparently a considerable detached
hill in the floor of the original valley, there remains a high area
whose crest is occupied by a notable fissure, just such as occurs
when the ice is let down over a similar hump in the bottom of a
pond. (See page 122).

About ten miles down the Valley there is a distinct horizontal
line of the same red material a hundred feet above the present
"high water mark," just as though the liquid that filled the
Valley, standing for a little while at this higher level, had
"frozen" a little along the bank before subsiding.

The reader may perhaps wonder by this time why, when
there were such clear indications that this was a mud flow, we
had any hesitancy in calling it such at once. But to us, as we
worked in the field, the reason was evident enough. By no
hypothesis that we could invent were we able to suggest a source
of the material.
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TUFF OF VALLEY SIMILAR TO KATMAI MUD FLOW, BUT FORMED
BEFORE THE EXPLOSION.

There was no such difficulty in the case of the Katmai Mud
Flow, for in the last spasms of the eruption great quantities of
finely divided mud were thrown out on top of the coarse ash
and pumice deposited in the earlier stages of the eruption.
Part of this, wetted up perhaps by the heavy rains that followed
the eruption, slumped down off the ash covered slopes into a

Photograph by D. B. Church
A SECTION OF THE KATMAI MUD FLOW.

Contrast with the section of the Great Mud Flow given on page 132. Here the
mud flow occurred after the ashfall which lies beneath it on the original
surface of the ground whose irregularities the strata follow. The bushes
show no sign of burning, either here or where they protrude through the mud
flow. Stratified ash here fifteen feet thick.
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narrow gulch at the foot of the mountain. Material from a
large area was thus gathered together into relatively restricted
compass, forming a notable deposit many feet in thickness and
over two miles long. Although there were no eye witnesses
of the Katmai Mud Flow, there is the best of proof that it
occurred after the eruption, and probably in the manner stated,
for the upper slopes of Katmai are still plastered with mud like
that which slumped off, and the mud flowed down over the
stratified ash, which is everywhere found beneath the mud
flow, showing clearly that the latter occurred after the ashfall.
(See page 124).

But in the Valley of Ten Thousand Smokes conditions are
reversed, for the great mass of tuff which forms its floor is
everywhere overlain by the stratified ash from Katmai, (see
pages 110,118, 120, 132, 136 and 140), proving that it must have
been in position at the time of the ashfall. When it was realized
that the great mass of tuff in the Valley had originated before the
ashfall, its interpretation became more of a puzzle than ever,
for everything indicated that it was no ancient formation, but
belonged to the present eruption. Mud flows of the type of
that formed on Mt. Katmai have frequently occurred after
eruptions, but nothing like this, occurring as a preliminary to an
eruption, is described in the literature with which we are
familiar.

TUFF OF THE VALLEY HAS NO COUNTERPART ON THE
SURROUNDING MOUNTAINS.

In view of these anomalous conditions, we felt that to adopt
the hypothesis that the tuff of the Valley was a mud flow would
raise more problems than it would solve. Such a supposition
appeared, therefore, of little value in interpreting the Valley.
We were left for a long while, therefore, without any hypothesis
whatever to account for what we saw.

Nevertheless, detailed examination of the surrounding
mountains confirmed the suggestion of the "high water mark"—
that the tuff was confined to the floor of the Valley—for it had
absolutely no counterpart on the slopes above. They, were
everywhere clothed with the same strata of ash as covered the
tuff itself. This stratified ash always rested directly on the
original surface of the ground—bed rock or old soil as the case
might be,- without the slightest indication of anything cor-
responding to the massive deposit in the Valley.



Photograph by P. R. Hagelbarger

LOOKING UP THE MUD FLOW ALONG ITS EDGE.
At the left, undisturbed forest above the high mud mark; in the center the charred stumps of trees,

that were burned offjby the mud, exposed by later erosion.
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Photograph by P. R. Hagelbarger
LOOKING ACROSS THE MUD FLOW NEAR ITS TERMINUS.

Nearly panoramic with the picture on the opposite page. At the left, stumps of burned trees exposed by erosion.
In the distance, the undisturbed forest above the high mud mark. The layers of Katmai ash may be made out

as a line across the face of the bluff below the forest, between primary and secondary mud flows.
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ENGULFED TREES SHOW THAT THE TUFF MUST HAVE ORIGINATED
AS A FLOW OF MUD.

Finally, when our work carried us down the Valley toward
Naknek Lake, we found conditions, which, while rather adding
to the anomalies already puzzling us than explaining them,
yet gave such clear cut and positive evidence of the mode of
deposition of the tuff as to make its character certain.

In the lower Valley, where the remains of the former forest
still persist to tell the tale, the "high water mark," or as it had
better be called the "high mud mark," becomes even more con-
spicuous and significant than it is in the upper Valley. What-
ever our doubts may have been before, no matter how great
the difficulties of explanation that remained, one glance at the
remains of the forest embedded in this tuff was all that was
needed to convince everyone that we were dealing with a
gigantic mud flow. Right down to the edge of the erstwhile
mud the trees stand undisturbed, but below that level they are
overriden, twisted and bent before it in such fashion as could
not have been done except by a moving liquid. The absolute
sharpness of this line separating the uninjured forest from that
covered by the moving mud is plainly shown on the photographs
reproduced on pages 126, 127, 128 and 136.

At the bend in the Valley, where the forest begins, the mud
flow encountered a belt of irregular morainic hills among which
it pursued a most irregular course, overtopping some, leaving
others standing free above the surface, slopping over into
the ravines, and in every way showing that it was once highly
liquid. In this vicinity a strong stream, now furnishing the
greater part of the water of the Ukak River, was dammed by
the mud flow, forming a deep lake. Since the mud flow
hardened, the waters of this stream have cut down 20 or 30 feet
into this dam, but there still remains a lake a mile long and
half a mile wide. Beyond the bend in the Valley the mud flow
continued on for more than a mile, gradually thinning out until
for some distance back from the tip it is only 10 feet thick, in
striking contrast to its great thickness and massive character
further up the Valley. Everywhere the mud shows a surprising
capacity to adjust itself to the variations in the level of the
ground over which it flowed. At one place, near the middle of
the level flow, I noticed a tree or two sticking up through the
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mud, and upon investigation found that their roots were only
about a foot beneath the surface. They had grown on the
summit of a morainic hill which, after having been deeply
buried, had been almost laid bare again by the readjustment of
the mud after the first wave had passed.

But there was none of that evidence of violent damage
which would have accompanied the rush of a flood of water
down the Valley. Although the bushes were bent and twisted

Photograph by R. F. Griggs
THE EDGE OF THE MUD FLOW.

The burned and broken remnants of the trees below the high mud mark stand in
strong contrast to the undisturbed forest which, though killed

by the eruption, was beyond the reach of the mud.

beneath its weight, they were not broken nor uprooted as they
would have been if the heavy mud had rushed upon them at a
high speed.

EVERY STICK BURIED BY MUD FLOW REDUCED TO CHARCOAL.

Near the edge of the mud flow a few trees remained sticking
up out of the mud. When we took hold of these we found to our
astonishment that they had been burned off a foot beneath the
surface. Later, in sections where the flow had been cut into
by erosion, we found that every particle of wood that had been
buried by the mud had been turned to charcoal. In some
places we found the mat of old tundra vegetation, transformed
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into a thin sheet of charcoal, lying between the mud. flow and
the old surface of the ground. Some of the trees engulfed had
been a foot in diameter, but they were as completely charred
as the fine twigs. (See pages 126, 127, 129, 132, 133 and 134).

Upon finding this evidence that the flow had consisted of
hot mud, we began to wonder whether the Katmai Mud Flow
had likewise had a high temperature. It was with great interest,
therefore, that we awaited an opportunity to examine the
Katmai Flow again to see if we had overlooked evidence of

Photograph by J. W. Shipley
ACROSS THE MUD FLOW NEAR THE LOWER END.

The bare surface of the mud contrasting with the forested slopes beyond and
the definite level of the opposite edge are characteristic. The mounds in
the middle of the flow are small fumaroles which have caught and cemented
together piles of the ash blown before the wind.

such a character. But when we re-examined it, we found that
in this respect it was altogether different from the Great Mud
Flow. The wood which it had buried was as white and clean as
though bleached in the sun. Its mud had been cold, therefore,
just as would be expected of mud soaked up by excessive
rains.

It was now fully proven that the tuff lying on the Valley
floor was a mud flow of stupendous proportions, but this cer-
tainty, instead of settling our problems, had raised a host of
new questions more puzzling than the original ones. The fact
that it had completed its course down the Valley before the
ashfall, by removing the possibility of its having come from the
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blowout of Mt. Katmai, made it more difficult than ever to
find the source of the material. The high temperature which
characterized the moving mud definitely put it into a different
class from the Katmai Mud Flow. And the freshness of the
plant remains and other features combined to fix its date as
immediately prior to the explosion of Katmai.

MUD FLOW VERY DIFFERENT FROM A LAVA FLOW.

One way out of these difficulties at once suggested itself.
If we could consider this formation a lava flow rather than a
mud flow, its explanation would be easy, for a lava flow of such
dimensions would be nothing remarkable. But lava comes from
a mass of molten magma which solidifies into crystalline rock.
By no stretch of the meaning of the term can this tuff be con-
sidered crystalline rock. It is composed of fragmental materials
like the ash that settles out of the air. Although compacted
into a firm mass, somewhat resistant to the weather, it crumbles
to powder between one's fingers. Though hot by human
standards of comparison, its temperature was far below the
melting point of any lava, for, although it reduced the trees
which it engulfed to charcoal, it did not, at least in the lower
Valley, set fire to the forest above the high mud mark, nor
even consume the trees that were not completely covered up.
On the contrary, the projecting parts of the burned trees
were sound and untouched by fire. Where cooled by the atmos-
phere, or by the underlying soil, the mud had evidently lost
its heat before charring was complete, for the stumps were not
burned clear to the ground and good sized branches were
charred through only when buried a foot beneath its surface.
This indicates that the charring was a gradual process rather
than any sudden combustion, such as breaks forth when a
lava flow pours through a forest. (See page 133).

ATTEMPTS TO EXPLAIN IT AS A MUD FLOW OF THE
USUAL TYPE.

When it thus became evident that our flow of hot mud
could not be considered a lava flow, the most probable explana-
tion seemed to lie in interpreting it as a mud flow of the con-
ventional kind, formed from the ejecta of some previous,
eruption. Such a hypothesis would of course leave its temper-
ature unaccounted for, if indeed it were not inconsistent with
the observed temperature relations; but if its other features.
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could be accounted for on such an assumption, its high tempera-
ture might perhaps be explained by some subsidiary hypothesis.

If the mud flow were thus the product of a previous eruption,
it would be expected to have been formed immediately after
that eruption, like the Katmai Mud Flow, before the mass of
mud had had time to dry up and "set." For, once such
a mass of mud dries out, it would not be likely to be soaked up

Photograph by L. G. Folsom
A STREAM CUT SECTION NEAR THE TOE OF THE MUD FLOW.

Thejengulfed tree is completely reduced to charcoal. The section shows (a)
piles of debris lying on the original surface of the ground; (b) the unstratified
mass of the mud flow; (c) the three layers of the ash from Katmai; (d) a mass
of secondary outwash deposited by the stream which later cut the section.
The wash of this stream broke off the part of the tree protruding above the
mud flow.
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again en masse in such a manner as to permit the formation of
such a tremendous quantity of mud all at once. Indeed,
I can imagine no process of nature by which the present
hardened tuff could be changed back into liquid mud.

But the condition of the burned trees is unequivocal proof
of the recent date of the mud flow. It occurred so recently
that there has been no time for the protruding parts of trees
to decay since they were killed. Even the small twigs of the
dead trees are still in place, giving positive evidence that the

Photograph by R. F. Griggs
STUMPS OF TREES BURNED OFF BY THE MUD FLOW.

Exposed by later erosion. It is to be observed that the mud was so cooled by
contact with the soil that it did not burn the stumps clear to the ground.

The roots protected by a few inches of soil were not burned at all.

mud flow must have occurred very recently, (see pages 126
and 129). There is everywhere a conformity between the mud
flow and the overlying ashfall that of itself negatives the
possibility of an interval of erosion between them. There
are, moreover, occasional evidences that the mud was still fresh
and liquid at the time of the ashfall. There are a number of
places where local adjustments of the mud occurred after the
ashfall. In such situations a secondary flow of mud lies above
the layers of ash, (see pages 110, 136 and 140). All lines of
evidence thus converge to show that the mud flow occurred
immediately before the explosion of Katmai.
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NO OLD MATERIAL FROM WHICH MUD FLOW COULD HAVE
BEEN FORMED.

If, therefore, this mud flow is to be interpreted as a secondary
deposit produced by the working over of the original ejecta
of some previous eruption, it will be necessary to suppose
that some of the preliminary events of the present eruption,
such, perhaps, as the melting of a large quantity of snow,
occurred in such a way as to soak up a mass of old mud lying
on the mountains and start it down into the Valley. With
this possibility in mind, we searched the mountains for some

. • . . • ••

Photograph by R. F. Griggs
MAT OF VEGETATION REDUCED TO CHARCOAL BENEATH

THE MUD FLOW.
The original surface of the soil has been uncovered by erosion.

remnants of an ancient stratum of mud. But not the slightest
indication of any such deposit could be found. It was our
custom to examine and measure sections, cut by streams
through the layers of ash, wherever found. In all the sections
examined the ash from Katmai lay directly on bed rock or
old soil as the case might be, with no such mud deposit inter-
vening. Yet it would be altogether impossible for every trace
of so extensive a deposit to have been turned into mud and
carried into the Valley. Any deposit thrown into the air from
a crater would be spread, in small quantities at least, over a
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great expanse of country. The mud that gave rise to the
relatively insignificant Katmai Mud Flow is recognizable as a
distinct stratum on top of the rest of the ashfall over all of the
mainland country as far away as the seashore. The mass of
the mud in the Great Mud Flow is so many times greater
than this that traces of the antecedant bed from which it
came would certainly have been found somewhere, if it was
produced in a manner at all resembling the mud of the Katmai
Flow.

The only geologist who ever visited the district, before the
eruption, was J. E. Spurr, who in 1898 crossed Katmai Pass,
traversing both Katmai Valley and what is now the Valley of
Ten Thousand Smokes, then an ordinary grass covered valley.
His account makes no mention of any deposit of fragmental
volcanic material of any sort. Since the discovery of the mud
flow I have had the opportunity of talking the matter over with
Mr. Spurr, who stated, in the most positive terms, that there
was no such deposit along his trail. And, as will be shown
below, the distribution and slopes of the mud flow are such that
part of it must have originated in Katmai Pass, which he
crossed. But let us assume, for the sake of the argument, that
a deposit of the mass and character requisite for the formation
of the mud flow was actually present before the eruption, even
though no trace of it has been found by any of the parties that
have explored the district.

NO DRAINAGE AREA FROM WHICH IT COULD HAVE BEEN
CONCENTRATED.

Such an assumption immediately raises one of the difficulties
that confronted us in our first efforts to find a source for the mud
of the Valley. The area of the broad Valley is so great, in
proportion to the steep slopes of the surrounding mountains,
that there is no tributary drainage area around its upper end
large enough to have served as a collecting ground from which
the mud could have come. The mud flow thus covers almost
half of the drainage area from which it could have come. Its
area is 53 square miles, while that of the whole basin is only
110 square miles. If these mountain sides supplied the material
that now covers the Valley, they must have been everywhere
covered to a depth approximately equivalent to the present
thickness of the tuff of the Valley, i. e., at least 50 feet. This is



Photograph b.y J. D. Sayre
A CANYON ERODED IN THE MUD FLOW NEAR ITS TERMINUS.

The high mud mark and the undisturbed forest above it well shown at the right. In the bluff below the forest, the line
formed by ash from Katmai may be made out between primary and secondary flows of mud.
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on the impossible assumption that the whole of every slope
tributary to the Valley furnished its share of the mud. Whereas
it is manifest, from its gravitational relations and the position
of the high mud marks, that the mud could by no chance have
come from more than a small fraction of the .watershed, (7
square miles). The contrast between the Great Mud Flow
and the Katmai Mud Flow in this matter is very striking
indeed, for in that case the collecting ground, (5 square miles),
was eight times as great as the area at present covered by the
mud, (O.G square miles). See map, page 138. But let us waive
this difficulty and go on with the consideration of the situation
assumed.

NO WATER SUFFICIENT TO LIQUIFY THE MUD IF THE MATERIAL
WERE PRESENT.

To transform such a vast quantity of dry tuff or dust into
mud would require an equally vast quantity of water. The
volume of the mud flow, while not accurately known, is of
the order of one cubic mile. To hold this quantity of solid
material in suspension would require at least a cubic mile of
water. Where could it have come from? The only possibility
is that the heat of the approaching eruption might have melted
a great mass of ice and so furnished the requisite water. To
melt such an enormous block of ice would require a stupendous
quantity of heat, but the energy of the erupting volcano was
probably many times more than sufficient for this. The
volcanoes are so heavily covered with glaciers that it is not
improbable that there may be a cubic mile of ice on their drain-
age area. The trouble is that the volcanoes are still ice-clad
at the present time. There is no indication of their having
carried within recent geological time larger glaciers than
those that still cover their flanks. They bear as many and as
large glaciers as their inactive neighbors east and west. One
of the remarkable features of the eruption was its small effect
on the glaciers of the Volcanoes. There are two miles of ice
cliff in the rim of Katmai crater, remnants of glaciers which
were beheaded, but not melted, by the eruption. The remains
of these glaciers cover every hollow in the mountain. The most
extensive of them all stretches down into the Valley of Ten
Thousand Smokes, where it meets the mud flow. Mageik,
likewise, has a notable snowcap which extends up to and around
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the crater. Its glaciers are still, as Spurr described them, the
most extensive in the district. Two of them come down into
the Valley of Ten Thousand Smokes where their tips were
apparently melted by the mucj. flow as it ran across them,
but they show no sign of having otherwise contributed to it.

If the eruption had caused any wholesale melting of glaciers,
not only should the bare hollows they formerly occupied be
evident, but the water thus released should have caused
tremendous floods on both sides of the range, for it is hardly
conceivable that all of the ice melted could have been in a
single locality, and that the whole of the water so formed could
have been taken up by the mud. But the only floods, of which
there is any evidence, occurred long after the eruption and
were due to other causes.

HOT MUD FLOW MUST HAVE COME FROM INTERIOR OF
THE EARTH.

Although it has been made clear that the mud could not well
have come down from the mountains, one of the most important
evidences of that fact has not yet been discussed. The high mud
mark has been mentioned as one of the most conspicuous features
of the Valley. It was clearly produced, like a high water mark,
by the mud rising against the sides of the Valley, It would not be
developed at any point where mud flowed into the Valley from the
mountains above. It should, therefore, be easy to recognize the
source of the mud by the absence of high mud marks at any point
where it may have entered the Valley. But an examination of
the circumference of the mud flow shows that the high mud mark
is continuous, for it can be clearly followed around the whole of the
mud flow, except in the vicinity of Novarupta Volcano, where the
great thickness of the overlying ash deposit obscures the relation
of the deeper layers. This can only mean that the mud welled up
from within the Valley itself. (See map, page 138.)

Our search for its source had to be transferred, therefore,
from the surrounding mountains to the Valley floor. The
broad smooth floor of the Valley, although broken by the
thousands of fissures and craters from which issue its millions
of volcanoes, shows no orifices that give any particular evidence
of having been the source of the mud. The only thing to guide
us in our search was the slope of the high mud marks, for since
the mud flowed down the valley under gravity it must have
originated, in part at least, near the highest points that it covered.
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PROBABLY ERUPTED FROM SEVERAL FISSURES.

From this fact it becomes at once evident that it could
not have come from a single orifice, for there are two distinct
summits from each of which it flowed in both directions. One of
these is Katmai Pass, the other is in the vicinity of Novarupta
Volcano. The altitude of both is in the neighborhood of 3,000
feet. From Katmai Pass the mud flow not only reaches into
the Valley of Ten Thousand Smokes, but extends down the

Photograph by D. B. Church
PART OF THE MUD FLOW ACROSS THE PASS FROM THE VALLEY.

Looking toward Observation Mountain from the upper flat of Mageik Creek.
The layers of Katmai ash covered by a secondary flow are plainly

shown in the bluff, two-thirds of the way up.

valley of Mageik Creek to the foot of Observation Mountain,
against which it accumulated to a thickness of 30 or 40 feet.
(See picture above).

Novarupta, although situated in the floor of the Valley, is
located near a col which separates the two arms of the Valley
that encircle the Broken Mountains. On the west side of
this col the surface of the mud flow descends till it joins the
branch coming down from the Pass at an altitude of about
2300 feet, then continues its descent across the front of Cerberus
and Mageik down the main valley to the terminus of the flow,
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a hundred feet above sea level. From the east side of the divide
the mud flow slopes gently down around the foot, first of Mt.
Katmai and then of Knife Peak, till it joins the main valley
below the Broken Mountains.

It is clear that, so far as its gravitational relations are
concerned, the mud flow could be accounted for by assuming
two points of extrusion at these two summits, but the evidence
furnishes no reason for excluding the participation of other
vents at any point along the line of the flow. Around Nova-
rupta the mud flow has the appearance of being extraordinarily
massive, as though a great quantity of it had welled up from
that vent. But the appearance of Katmai Pass gives the
contrary impression, for there the depth of the flow is slight and
there is nothing to indicate that there was ever any great
accumulation at that point. Inasmuch as there is clear evi-
dence of fumarole action since the eruption, on both sides of
the Pass, it appears more probable that the mud in this vicinity
welled out of a number of fissures at different levels, rather than
from a single large vent at the summit.

There is no evidence of any of the specific vents from which
the mud may have come. If, as is supposed, they were merely
fissures in the floor of the Valley, lying below the level of the
flow, one would not expect to find them any more than he can
locate the unseen springs which feed many a lake. They may
be the same as some of the fissures from which the Smokes of
the Valley are at present issuing, or they may be stopped up
with their own product, the present volcanoes coming from new
fissures opened since the mud flow.

NO EVIDENCE THAT IT ORIGINATED IN EXPLOSIVE ACTION.

Since the mud resembles a fragmental product, it might be
supposed that it originated in explosive action, but, however
this may be, there is no evidence of explosions violent enough
to have thrown it out against the mountains round about, for,
as already pointed out, it is confined to the Valley. So far as
there is evidence of its origin, therefore, the indications are that
it welled quietly up out of the bowels of the earth.

It is clearly recognized that current theories of volcanic
action do not provide any means of explaining the formation
of any such mud flow as we have found in this Valley of Ten
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Thousand Smokes. Nor have I any hypothesis to suggest to
account for the mechanism of its formation. This has long held
me back from reporting its occurrence. But the evidence that
it actually did occur seems perfectly clear and conclusive.
Under the circumstances, therefore, there was nothing to do
but to report the facts as they were found in the field.

It is proper to add, however, that a reading of the descrip-
tions of other eruptions, in the light of what we have found in
the Valley of Ten Thousand Smokes, indicates that the
extrusion of such masses of hot mud may not be so much a
unique as a neglected aspect of volcanism. But a discussion
of such phenomena lies beyond the scope of the present paper,
which is concerned merely with recording the phenomena of
the Valley of Ten Thousand Smokes.

In the discussion of this remarkable terrane we have set
down numerous considerations which would be quite super-
fluous if it were located in a district more accessible to geologists,
so absolutely clear are its major relations. But, recognizing
that under present circumstances it would not be practicable
for all geologists who might be skeptical to go and see it for
themselves, we have tried to supply the answers to all the
questions likely to arise in the minds of such skeptics. Since
the district has been set aside as a National Monument, how-
ever, it is to be hoped that it will not for long remain so inaccess-
ible, but that its remarkable features may be seen and studied
by many other observers within a very few years.




