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II. ARE THE TEN THOUSAND SMOKES REAL
VOLCANOES?*

ROBERT F. GRIGGS.

In the original account of the discovery and exploration of
the Valley of Ten Thousand Smokes in the National Geographic
Magazine, February, 1918, I felt free to describe the phenomena
in the light of our conclusions regarding them, although I could
not, at that time, digress to give the data upon which our
conclusions were based. This paper is written with the purpose
of supplying the data that could not be elaborated in the
former account, in order that the student of volcanic phenomena
may judge for himself the validity of the conclusions reached.

It should be emphasized at the outset, that, while there are
certain conclusions concerning the nature of the Valley of
Ten Thousand Smokes which may be considered to be well
supported by indubitable evidence, there are also many larger
problems looming in the background which as yet can hardly
be stated with clearness, much less solved.

The primary question which must arise in the mind of any-
one who considers the Valley is as to the nature of its activity.
Are its smokes real volcanoes? Or are they of a more superficial
character caused merely by the vaporization of surface water.J

It is evident enough that such a Valley full of "Smokes"
might be due, either (1) to the percolation of surface waters
down through the fragmental ejecta of the recent eruption
to a flow of lava beneath, which, though erupted before the fall
of ash, still retains a high temperature and vaporizes the water
that comes in contact with it; or (2) the smokes might derive
their gases from molten magma beneath the surface, in which
case the vents would be as truly volcanoes as is Vesuvius
itself.

Certain of the features of the Valley seem to favor each of
these hypotheses It will be well, therefore, to pass these
facts in review. But before doing so, it will be desirable to

""Copyright, 1919. by National Geographic Society, Washington, D. C. All
rights reserved.

97



THE COOK STOVE OF THE EXPEDITION. Photograph by D. B. Church
This was one of the cooler vents, (100° C.). Comparison with page 107 will show how insignificant this is in comparison with the big vents shown

in the distance. The notch in the contour of the hill at the right is the fault shown in detail on page 115, here two miles from the camera.
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comment on the two hypotheses themselves. Everyone would
prefer to explain the Valley as a superficial phenomenon, if
such an explanation is possible, for that would bring into play
nothing unusual in volcanic phenomena and would involve
no far reaching theories. If, on the other hand, it is held that
the smokes are truly volcanic, then it will have to be admitted
that the formation of the Valley was an event without parallel
among historic eruptions. More than that it would raise some
fundamental questions concerning the nature of volcanism
in general. Recognizing this situation, one ought to adopt
the simpler hypothesis if it is at all possible to bring the facts
into harmony with it. We shall begin, therefore, by marshalling
the facts which support this view.

The very position of the smokes, in the bottom of a valley,
suggests at once the likelihood of their being secondary products
emanating from a stream of lava that has flowed down the
Valley. If there had been any notable flow of lava toward
the Bering Sea in connection with the eruption of Katmai,
it would certainly have occupied a position not far different
from the activity with which we are dealing. Truly volcanic
vents, on the other hand, are in the great majority of cases
situated on mountain tops, rather than in valleys, although
there is nothing to prevent their bursting through the floor of
a valley.

PRACTICALLY ALL SURFACE WATER EVAPORATED IN THE
HOT VALLEY.

The surface water hypothesis finds its strongest support in
the indubitable fact that practically no water drains out of
the Valley into the streams below. It is situated in a region
of unusually heavy rainfall; half a dozen glaciers discharge their
streams into it; and there are many square miles of snowfields
which, during the warm weather of the summer, give forth
a large volume of water. Several good sized streams start
bravely out from the glaciers into the Valley, but as they course
down their hot beds they dwindle until at the end of the Valley
their united volumn forms a mud-choked brook only two feet
wide and two inches deep. At times this stream probably
stops altogether. How unusual this is in this country may be
seen by comparing this stream with Martin Creek, whose
basin is only half as large and contains no such notable glaciers.
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Yet, on a warm day when the snow melt is large, Martin Creek
is too big to ford. There can be no question, therefore, but
that the greater part of the precipitation that falls in the
drainage basin tributary to the Valley is returned to the air
by evaporation.

Having ascertained this fact, we set out to see if we could
follow the water cycle from precipitation to vaporization. In
part this was easy. Whenever rain falls on the hot floor of the
Valley it is immediately converted into vapor and returned to
the air. During a rainstorm the Valley fairly reeks with the
hot steam which is everywhere poured back into the saturated
atmosphere. If one investigates the melting snowdrifts
which fringe the Valley, he finds innumerable trickling rills

Photograph by R. F. Griggs
A BIG VENT FAR DOWN THE VALLEY.

The man silhouetted against the steam gives the scale, but only part of the steam
column is shown, illustrating the magnitude of the vents which must be
accounted for. This volcano is located 8 miles from Novarupta, where the
activity of the Valley reaches its climax.

which start down from them, but they soon suffer the same
fate as the pattering raindrops. Before they have crossed
many yards of the hot earth, their waters become warm and
dry up without having the opportunity to unite into a stream
large enough to furnish water for a fumarole of any size. The
larger streams likewise shrink so gradually that one cannot
find a notable diminution in their volume in any particular
place; that is to say, the vapor from their waters is given off
diffusely along their whole length. When one considers the
very large areas of the Valley where the ground stands at a
temperature approximating the boiling point, it will be seen
that its surface has the capacity of evaporating an enormous
volume of wrater in addition to the' great volumes of steam
which come up from the specialized vents.
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BIG VENTS NOT DUE TO DIFFUSE SURFACE EVAPORATION.

But such diffuse evaporation could not give rise to the great
Smokes which give the Valley its character, for in these vents
the production of steam is highly concentrated into small areas,
where it bursts forth under pressure. To supply sufficient
steam for the production of any one of these larger vents would
require all the water of a good sized brook, but nowhere can any
stream be found which goes up in steam all at once at a par-
ticular point. There are several places where a stream runs
close beside a good sized vent. In a few places the steam was
actually seen boiling up through cold water. But it appears
evident on inspection' of such places that the steam is quite
independent of the brook, which merely happens to run over
the orifice by which it finds exit. The brook is not sensibly
smaller below such a place. Its temperature is not even
measurably altered by the proximity to the hot vapor. (See
page 102).

But places where watercourses cross lines of activity are
uncommon. For the most part, the position of the vents
bears no apparent relation to the streams, but follows a pattern
of its own. The waters, seeking their level under gravity,
course down through the middle of the Valley. But a great
number of the largest vents come out of the marginal fissures
which encircle the Valley about 200 feet above its floor.
Throughout the Valley the vents are more prevalent along the
crests of ridges than in hollows where water would collect.
Many of the largest vents are thus located in situations where
any great supply of surface water would appear most improbable.

DO THE SMOKES COME FROM VAPORIZATION OF GROUND
WATER?

Such soundings as we were able to make in the throats of
the vents confirm the view that they are more deep-seated than
the surface drainage, for we could find no bottom with a
stone tied to a hundred foot rope. This made it at once clear
that they could not be formed by the vaporization of the surface
streams. Perhaps they may come from the vaporization of
subterranean streams which encounter a hot lava flow at some
depth below the present surface. This supposition, it must
be admitted, is wholly hypothetical since there is not otherwise
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any reason for suspecting the presence of such streams. Neither
in the Valley itself nor in the country round about does one
meet with evidences of underground water in any volume.
It is a sandstone country whose strata, whenever exposed,
appear unusually dry. No springs have been found, except
in glacial or landslide debris. Since this view cannot be
supported with evidence, it will be advisable to defer its con-
sideration until some other aspects of the problem, concerning
which there are more tangible data, may be taken up.

Photograph by R. F. Griggs

THE RIVER LETHE CROSSING A LINE OF FUMAROLES.
The steam in places actually bubbles up through the cold water. The volcanoes

and the surface drainage manifestly have no connection with each other.

In the first place it will be advisable to consider the magni-
tude of the phenomena to be accounted for. The number of
vents mounts up, literally, to several millions. Of these there
are several hundred whose steam columns trail along before the
constant wind for over a mile. (See page 100).

Many of these come forth from throats several feet in
diameter. The largest, aside from Novarupta, which is a
typical volcano, pours out of a yawning chasm about 20
feet across. Despite the size of the throat, the rush of the
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steam is so rapid that it fairly purrs as it comes rolling out.
Many of the smokes with smaller throats issue under such
pressure as to emit a continuous' low-toned roar. In some of
them the rush of the emerging steam is so rapid that a pebble
tossed into them is either immediately spewed out again or
sinks slowly down against the rushing current of rising steam.
The supply of water necessary to-maintain a constant flow of
steam of such dimensions is, of course, considerable. Multiplied
by the number of the big vents, it becomes enormous. Now,
the visible surface water which is dissipated by diffuse evapora-
tion appears to be great enough in volume to account for
practically all of the drainage from the water-shed tributary
to the Valley. One who sought to establish the presence of
underground streams of sufficient size to produce the smokes
observed would have considerable difficulty, therefore, in
finding a source for such a quantity of water.

NO LAVA FLOW TO VAPORIZE GROUND WATER.

If the smokes are due to the vaporization of surface or
ground water by a mass of hot lava poured out on the ground
at the time of the eruption, it should be easy to find the lava
flow beneath the fragmental ejecta which cover the surface.
But none is to be found. There is absolutely no indication of
any lava flow anywhere in the Katmai district other than the
ancient basalts of which the volcanoes were built up. • In many
places deep canyons* have been cut by the streams into the
surface of the Valley, but nowhere is there the slightest indica-
tion of lava beneath. If there were a cooling lava flow close
beneath the surface, the bottoms ©f these narrow canyons,
which are 50 to 100 feet deep, (see page 118), should be much
hotter than the surface of the ground, but such is not the case.
These gorges are like any other part of the Valley. Locally
they may be very hot, but these hot spots are always obviously
associated with some special vent in the vicinity.

It is not only impossible to find any lava flow, but it is
equally difficult to locate any vent from which such a stream
might have come. Certainly it could not have come from the
crater of Katmai. The low points in its rim are all occupied
by glaciers which antedate the eruption, being covered by the
same layers of ash as are found everywhere throughout the
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district. If any lava flow underlies the Valley, it must have
issued from fissures in its floor. Such a fissure eruption is,
of course, quite within the bounds of possibility. But we have
now reached the stage where, in order to support our surface
water hypothesis, we have had to assume the presence of both
the lava flow, to be cooled, and the water, to be vaporized.
It will now be advisable to consider the other side of the question.

- Photograph by D. B. Church
THE VALLEY OF TEN THOUSAND SMOKES.

A corner of the Valley of Ten Thousand Smokes, looking from the rim of Novarupta
toward Baked Mountain, July 15, 1917.

SMOKES ARE CONSTANT.

A large body of lava will obviously remain hot for a long
time. It would be quite possible for such a mass, if it were
present in the Valley, to retain heat enough to continue to
send up clouds of steam throughout the six years which have
elapsed since the eruption. But it will be recognized that this
sort of activity would of necessity be gradually dying out.
One should expect, therefore, to find a sensible diminution of
the activity of the Valley with the lapse of time. On the
contrary no diminution whatever can be detected. The smokes
appear exactly the same now as when they were discovered.
Compare the pictures above, taken in succeeding years.
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The composition of the "smoke" from the vents is another
matter of importance in this connection. If the smokes were
due to the vaporization of surface water, which had come in
contact with hot lava, they should be relatively pure steam.
But as a matter of fact these vapors contain a large admixture of
acid gases and deposit a great variety of sublimation products,
such as sulphur and the two sulphides of arsenic. These

Photograph by J. D. Say re
THE VALLEY OF TEN THOUSAND SMOKES.

Taken from almost the same spot as the picture opposite a year later, July IS,
1918. If anything the activity is greater than the year before. The little
fumaroles found emerging from sandstone strata occurred in rocky slopes
similar to, but around the corner from, those shown as dark spots on the
mountain side in the middle distance.

products, both gaseous and solid, are now in process of analysis
by the Geophysical Laboratory of the Carnegie Institution.
These analyses, when complete, are expected to be made the
subject of a special contribution, and no more than mention
of the matter can be made at this time.

TEMPERATURES ABOVE 400° C.

The temperatures of the vapors are, likewise, matters of
significance in this connection. If the smokes wTere due merely
to waters coming in contact with the surface of hot lava, their
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temperatures should be in the neighborhood of the boiling
point. As a matter of fact, however, all of the more active
vents are much hotter than that. They are so hot that when
we poked our walking sticks into them they came out blackened
and charred from the heat. Once, before we were alive to the
situation, we tried to take their temperature with a thermometer

Photograph by R. F, Griggs
TAKING THE TEMPERATURE OF A HOT ONE.

Many of the vents were so hot as to be beyond the range of the thermometers we
carried the first year; so hot that the steam would char a piece of wood and
did not begin to condense for some distance from the orifice. The expedition
of 1918 measured temperatures up to 430° C.

tied to a stick. When we took it out, after momentarily
plunging it into the hot steam, the string was burned in two,
so that we almost lost our thermometer. The smoke emerges
at so high a temperature that it is altogether invisible as it
leaves the vent, and condenses only after it has travelled some
distance through the cold air. (See pictures above). The
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vents were so much hotter than we had expected, that in 1917
we were entirely unprepared to measure their temperatures.
The expedition of 1918, however, went prepared to cope with
the situation. The records thus secured will be given in detail
in a paper which is to follow. It may be stated in advance
of detailed publication, however, that the temperatures meas-
ured ran above 400°C.

In many places the vents occur in lines that very strikingly
suggest that their distribution is controlled by the presence of
subterranean faults or fissures, which have been concealed by the

Photograph by R. F. Griggs
THE SAME VENT FROM A LITTLE DISTANCE.

The steam is so hot that it does not condense until ten feet away from the vent.
Some idea of the scale may be gained from the realization that the little
steamer enclosed by the circle was our cook stove, shown close up on page 98.

superficial layers of recent ejecta (see pages 108 and 109). In
other places they emerge directly from yawning fissures, but
the nature of the substratum is such that it is not easy to
ascertain whether these correspond with rock fissures or are of
a more superficial character. Where the vapor emerges from
such wide open faults in the tuff that covers the Valley, it is
obvious that these might be merely the superficial avenues of
•escape from the tuff, rather than the orifices of the true vents.
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The linear arrangement in such cases may not be significant,
therefore, but when there is no superficial break in the tuff cor-
responding to the line of smokes, it is difficult to explain their
arrangement in any other way than as being outlets of a funda-
mental fissure in the bed rock. The writer, at least, can imagine
no possible means by which such lines of smokes, often more
than a mile in length, could be explained on the surface water
hypothesis.

But although the volume of the emanations, their chemical
character, their temperatures and their arrangement all give
very clear and positive indications that they are true volcanoes,

Photograph by R. F. Griggs
LINES OF FUMAROLES ACROSS THE VALLEY.

A portion of the valley floor where the linear arrangement of the fumaroles is
very conspicuous, indicating that they spring from fissures traversing

its floor or encircling its edges.

we were very unwilling to consider the matter settled until
we could find ocular evidence of their actual emergence from
orifices in the bed rock underlying the Valley.

But this proved to be a matter of considerable difficulty,
for the Valley is everywhere filled with a very thick deposit
of the peculiar tuff which is discussed in the succeeding paper.
There was good reason to believe, as will be seen, that the smokes
did not originate in the tuff itself, but it so plasters up the
Valley that it is difficult to ascertain the character of the ground
from which they do emerge. As we prosecuted the exploration,
therefore, we were constantly on the watch for evidence which
would throw light on the source of the vapors.
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FUMAROLES EMERGING FROM SANDSTONE STRATA.

Finally, far down toward the end of the Valley, we found a
considerable area from which this tuff had been removed by
erosion. In the bluffs of tuff still standing along the edges of
this bare area, we found some sections where the whole length
of the throat of a burned out fumarole had been exposed.

Photograph by J. W. Shipley
A NEARER VIEW OF A LINE OF FUMAROLES.

There is no surface indication of fracture. They probably spring from a deep-
seated fissure.

These conduits ran clear down through the tuff to the bed rock
beneath. (See page 110). At another place, we found a deposit
on the surface of the bed rock which looked like that from an
old fumarole, having apparently been formed by continued
action of the fumarole after the erosion of the overlying tuff.
We were not, however, satisfied with such evidence of burned
out fumaroles, for there is always the possibility of misinterpret-
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Photograph by R. F. Griggs
A FILLED CRATER IN THE MUD FLOW.

The crater was formed in the mud flow by explosive action originating below the
base of the section, which here rests on undisturbed sandstone strata exposed
by the stream in the foreground. This crater stood open during the explosion
of Katmai, whose three-layered ash, marked K, may be plainly seen on the
top of the original mud surface. Later there came a secondary flow of mud
which filled up the crater and piled up about ten feet above the surface of the
primary flow. The fill did not., however, choke off the fumarole which for
some time maintained an open vent to the surface, shown in the photograph
by a faint vertical streak rising from the bottom of the crater.
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ing the character of such d-posits. We were not willing to
adopt so important a hypothesis unless we could find conclusive
proof of its correctness. We were the more cautious in this matter
because the underlying rock was not lava nor igneous rock of
any kind, but sedimentary sandstone strata, as could be clearly
seen in the bed of the adjacent stream.

Early in the exploration we observed the numerous fumaroles
that come out of the upper slopes of Falling Mountain (see
page 112). But since these occur in an ancient volcanic mass it
was not certain that they could rightly be considered similar
to the vents of the Valley.

Our uncertainties continued, therefore, until finally on the
Broken Mountains, which are surrounded on all sides by the
active vents of the Valley, we came upon several groups of
small fumaroles which set at rest all possible doubts. They
were located on almost precipitous slopes, (see page 105), from
which all loose ejecta had slumped away, leaving the bed rock
exposed to view. Here there could be absolutely no question,
for the little fumaroles were coming directly from the sandstone
strata, emerging from the crevices in the rocks which lay evenly
bedded in undisturbed layers as originally deposited. The
little crevices through which they found their way out had no
doubt been broken open by the general disturbance, which so
thoroughly broke up these mountains as to have suggested their
name. But at these particular places the eruption had shattered
the rock so little as not to disturb the position or arrangement
of the original strata.

It is, of course, quite unnecessary to add that such fumaroles
could not originate in the sandstone, but must have come from
some mass of intruded magma beneath the surface. The very
smaliness of these little fumaroles made them all the more
significant, for if these little wisps of steam were proven to come
out from beneath the bed rock, the great columns of vapor in
the adjacent Valley must as certainly draw their energy from
the interior of the earth.

MAGMA REACHED SURFACE IN NOVARUPTA VOLCANO.

The magma that must thus underlie the whole of the Valley
comes to the surface at one point—the crater of Novarupta
(see pages 112, 113 and 114). This vent, which is in every way
a typical volcano, has burst through the floor of the Valley like



Photograph by P. R. Hn^elbarger

THE CRATER OF NOVARUPTA PROM THE HIGH POINT OP ITS RIM.
This volcano differs from the other vents of the Valley in that the lava here came to the surface, forming the plug which

fills the throat. In the distance is Falling Mountain with numerous fissures issuing from
crevices in ancient lava high above the Valley floor.
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Photograph by R. F. Griggs

THE LAVA PLUG OF NOVARUPTA FROM^THE CRATER RIM.
In the background at the sides may be seen the encircling wall of the crater.
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the other smokes by which it is surrounded. Like them it is
an absolutely new volcano, having burst forth in a situation
where no volcanic activity had ever previously occurred. Its
crater, which is 0.8 mile (1.25 km.) in diameter, is occupied
by a plug of cooling lava that recalls the remarkable "spine"
of Mt. Pelee. This plug is, however, much less conspicuous,
being much broader, 800 ft., (250 m.) than high, 200 ft., (60 m.)

Photograph by P. R. Hagelbarger

DETAIL FROM THE LARVA PLUG AND CRATER RIM OF
NOVARUPTA.

The broken pile of lava is about 200 feet high.

From this plug of lava are still given off great quantities of
gases which in calm weather ascend 10,000 ft. into the air,
forming great clouds that obscure the sky for miles around
(see page 113). The history of Novarupta began with a period
of explosive activity, during which it threw out a great mass of
ash and pumice, forming deposits 50 feet thick or more in
the vicinity of the vent. This explosive activity, which is
shown by the sequence of the deposits to have occurred before
that of Katmai, was much less violent than that of its greater
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neighbor, as may be judged from (a) the larger size of the
cinders thrown out; (b) the greater depth of the deposits
immediately around the vent, (see cut below.); (c) their lesser
distribution, for they cannot be identified beyond a few miles
from the volcano. At the close of this explosive period a con-
spicuous crater ring was thrown up around the vent. This was
followed by the gradual extrusion of the lava plug.

Concerning the size, condition, and geological relations of
the other portions of the mass of subterranean magma, we are
of course, left entirely to speculation. There are the best Of

Photograph by R. F. Griggs
A FAULT SCARP ON BROKEN MOUNTAIN.

The man gives the scale. This is the same fissure as that shown in the distance
on page 98. The visible face of the scarp is composed of stratified ash. mostly
from Novarupta. The sequence of the ash strata shows that Novarupta
burst forth before the explosion of Katmai, but this faulting occurred after
the eruption.

reasons for supposing that it approaches closely to the surface
over the whole area of the Valley, and over Katmai Pass as
far as Observation Mountain as well, for over all of this area
there is clear evidence of fumarole action. The sections through
the tuff described above, which gave us our first intimation
that the steam might reach the surface through the sandstone,
were almost at the very foot of the Valley, 13 miles from
Novarupta. Some of the largest and hottest of all the volcanoes,
e. g., that pictured on page 100, occur far down toward the foot
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of the Valley, indicating as definite a connection with the
subterranean magma at that point as in the upper Valley,
where large vents are more numerous. The whole area, thus
giving evidence of the near approach of the magma to the
surface, is 20 miles (32 km.) in length, 9 miles (14.5 km.) in
greatest breadth and covers an area of 53 square miles, (137
sq. km.).

The recognition of the fact that the Valley is truly volcanic
inevitably raises some questions of great interest and importance.
What are the geological relations of the magma beneath?
What are the reasons for its bursting through in this particular
Valley? Is it a batholith rising from the interior? What is
the relation between the formation of the volcanoes of the
Valley and the explosion of Katmai? Did the eruption bring
about any changes in the relative elevations of the several
areas concerned? Why does the Valley run transverse to the
main line of volcanoes which follows the axis of the peninsula?
These and other fundamental questions of similar character
open most fascinating problems for future study. If, as seems
possible, some of them can be solved, the study of the Valley
of Ten Thousand Smokes will have taken us several steps
nearer the solution of the greater problem of volcanism and its
relation to diastrophism. But we are not yet in a position to
attempt the discussion of these matters.




