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

IV. THE CHARACTER OF THE ERUPTION AS INDICATED
BY ITS EFFECTS ON NEARBY VEGETATION.*
ROBERT F. GRIGGS.

Since the country affected by the eruption of Katmai, in
June, 1912, is an uninhabited wilderness, there were no eyewitnesses of the eruption located near enough to give any account
of what happened within 25 miles of the volcano. There are,
therefore, many features of this, one of the greatest and most
interesting of all eruptions, which can never be known except
as they are deduced from evidence left behind. Of such
evidence that afforded by the effect of the eruption on vegetation
is by far the most instructive.
While the largest value of an examination into the nature of
the fate that overtook the plants of the devastated area lies,
perhaps, in its use in interpreting the events of the eruption
itself, it has another interest of almost equal importance. It is
a necessary prerequisite to the studies of the revegetation of
the ash-covered country, which were the primary objects of the
Katmai expeditions, because of the manifold bearings of such
studies on many problems of the soil relations of plants, both
of a theoretical and of a practical nature. We shall combine
these two interests in this paper, giving not only such data as
contribute to an understanding of the eruption, but also
discussing the restorative reactions of the surviving plants so
as to form a basis for the papers on revegetation which are
to follow.
THE ZONES OF DAMAGE.

As marked by the extent of injury to vegetation, the country
affected by the eruption may be divided into several zones of
damage. In the outermost zone the plants suffered from acid
rains, but the ashfall was so light as to do no damage of conse* Copyright, 1919, by National Geographic Society, Washington, D. C. All
rights reserved.
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MAP OF THE KATMAI DISTRICT
LESEND
Contours (solid lines) connect places of equal ash fall.
Figures (4.7) indicate observed ash fall in feet and tenths
Broken lines bound zones of injury to vegetation.
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quence. In the second zone, covering parts of Kodiak and
Afognak Islands, the ashfall was so heavy as to do great damage
to the smaller plants, but the trees and bushes that protruded
were comparatively unaffected. The third zone includes those
areas of slighter injury on the mainland. In the fourth zone
the trees and bushes were killed but the grass has come back
without permanent injury. In the fifth zone not only were the
trees killed, but the ashfall was so heavy that the herbage as
well was destroyed except where the ground was later cleared.
In the sixth zone every vestige of life was consumed by fire,
leaving the country absolutely sterile. The areas covered by
these zones are shown by the map given herewith. (See page
174). It will be observed that they are not concentric belts
lying one inside the other, but are to a considerable extent
independent, occupying different sectors of the area around the
volcano. Because of the geographical peculiarities of the
country, moreover, they intergrade very little, at least in those
areas so far explored, but are rather sharply separated from
each other by definite geographical boundaries.
OUTLYING AREAS INJURED BY ACID RAINS.

On account of the unsettled condition of the country affected,
and particularly because the interests of the scanty population
are not agricultural, the damage to plants at great distances
from the volcano was a matter of very much less concern than it
would have been in a populous agricultural country. Observations of damage to plants were therefore never recorded at all in
many cases, and where published were simply printed as news
items in the local papers. The records are, therefore, much
scattered and difficult to secure, but it should not be supposed
on this account that damage to vegetation in the outermost zone
was insignificant in amount.
At La Touche in Prince William Sound, some 300 miles
east of the volcano, Mr. F. R. Van Campen, then superintendent of the mines, in a private letter, states that following
the eruption the rain was so acidulated by the fumes as to cause
stinging burns wherever it touched the flesh. He had his.
chemist analyze this rain and found that the trouble was caused
by sulphuric acid which was present in considerable quantity.
Unfortunately the analysis giving the precise concentration of
the acid has been lost. This acid rain did serious injury to the
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leaves of the native perennial vegetation, in some cases causing
defoliation. But to the cultivated annuals of the gardens it
was so injurious as to cause their complete destruction.
The magnitude of this feature of the eruption can be better
envisaged if one imagine the volcano located in New York City,
in which case crops would be destroyed as far away as Pittsburgh, Portland, (Maine), and Richmond, (Virginia). It
would not be fair to suppose, however, that in such a hypothetical eruption all crops would be destroyed within the area
indicated, for the occurrence of such acid rains is sporadic,
being dependent both on the drift of the fumes under the wind
and on the occurrence of the atmospheric conditions necessary
to produce precipitation at the time when the acid laden clouds
were passing over the given area.
The effects of the eruption on vegetation in the vicinity of
Kodiak, which is typical of the second zone where the ashfall
was so heavy as to smother all of the smaller plants, have
been discussed in earlier papers and require no amplification
here.1"2"3
Conditions in the third zone, comprising the outlying
fringes beyond the areas of greater destruction on the mainland,
may be best described after consideration of the inner zones.
TREES KILLED IN AREAS OF LITTLE ASHFALL.

The fourth zone, where trees and bushes were killed, although
the ashfall was so light as not to destroy the herbage, occupies
an area of about 666 square miles lying to the south, west, and
north of the volcano, beginning with the west side of Katmai
Valley and extending around the Valley of Ten Thousand
Smokes into the unexplored country to the northeast of the
volcano. The position of this zone is determined by the fact
that the west wind which blew during the eruption carried the
ash cloud off in the direction of Kodiak, so that much of the
area relatively close to the volcano was only lightly covered
with ash. (See map, page 174.)
1
Rigg, Geo. B. The Effects of the Katmai Eruption on Marine Vegetation.
Science II. 40: 509-513. 1914.
2
Griggs, Robert F. The Effect of the Eruption of Katmai on Land Vegetation.
Bull. Am. Geogr. Soc. 47: 193-203. Figs. 1-10. 1915.
3
,
•
. Scientific Results of the Katmai Expeditions. I. The

Recovery of Vegetation at Kodiak.

OHIO JOURNAL OF SCIENCE. 19: 1-57. Figs.

1-34. 1918. Includes a digest of literature pertinent to the present paper.
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The present condition of the vegetation throughout this
zone is shown by the pictures on page 178. The trees and bushes
are dead or, toward the edge of the zone and in somewhat
sheltered places, have here and there a tuft of leaves where a
bud survived. Beneath the trees the ground is covered with a
rank growth of herbage. The effect of the ashfall here was the
same as at Kodiak—namely, to destroy the weaker plants,
giving increased opportunity for the strong growing survivals.
Along the west side of Katmai Valley where the ashfall was
from 6 to 12 inches, the present herbage is an almost pure stand
of grass—Calamagrostis langsdorfii. In the Valley of Martin
Creek, which was much more lightly covered with ash, there is a
considerable variety of other plants beside the grass. In Ukak
Valley, where the ashfall exceeded a foot, all these were killed
and the present ground cover is horsetail—Equisetum arvense.
This plant grows here in a luxuriance quite unmatched elsewhere, covering mile on mile of country in pure stand. The
plants reach a size about double that usually attained by this
species, being fully waist high over large areas. (Seepage 178.)
The matter of greatest interest to be discussed in connection
with this zone is, however, the cause of the death of the trees.
WERE THERE HOT BLASTS IN THE ERUPTION?

It is clear enough on the face of it that the death of these
trees cannot be accounted for by the ashfall. Over much of
this zone the ashfall is six inches or less, as compared with a foot
at Kodiak where the trees were not perceptibly injured.
In view of this situation our first inquiry was as to whether
Katmai had given forth such hot blasts as characterized many
other eruptions, notably those of Pelee and Taal. It may be
stated very positively that there is no evidence whatever of any
blasts of such tornadic violence as have occurred in many cases.
No uprooted trees or other similar evidence of high winds radiating from the crater are to be found. The absence of evidence does
not, however, furnish conclusive proof that such blasts did
not occur.
The havoc wrought by other agencies was quite sufficient
to cover up evidence of tornadoes of hot gas, which in a lesser
eruption would have left tremendous devastation in their wake.
The ashfall around the crater of Taal, for example, is reported as

Photograph by J. W. Shipl
THE TRAIL THROUGH THE TALL GRASS ALONG THE WEST BANK
OF KATMAI RIVER.
Representative of conditions in the fourth zone where the trees were killed but
the ashfall was so light that the grass quickly recovered.

Photograph by R. F. Grig

HORSETAIL WAIST DEEP IN THE DEAD FOREST OF UKAK VALLEY
The ashfall was here about two feet deep, sufficient to smother the grass and all
other geophilous plants except Equisetum arvense, which covers the
hillsides for miles in unparalleled luxuriance.
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only 8 to 12 inches,4 while at Katmai it was 40 feet on the
crater rim and 15 feet at a distance of five miles. The flat flood
plain of Katmai Valley with its forest of large trees is the place
which should have shown the most definite evidence of hot
tornadoes. But this was swept by a terrific flood which so tore
up the dead forest as to cover up any lesser damage which may
have preceded it. Nevertheless it must be noted that the trees are
still standing everywhere throughout the Valley, except in areas
swept bare by the flood. On the other hand, while violent hot
blasts like those that devastated St. Pierre have not been
known to retain their power for great distances from the vent,
the dead trees under discussion were some of them situated as
much as 25 miles away.
But, while there is no evidence of hot blasts of tornadic violence, it is difficult to imagine such widespread destruction as
we are dealing with as due to other causes than withering blasts
from the volcano, and there is considerable evidence that these
were the agents of destruction. Those trees that survived in
areas of otherwise complete destruction were invariably so situated as to be sheltered from winds coming from the direction
of the crater.
In lower Katmai Valley, which bends so that the east side is
sheltered from the volcano while the west side is exposed toward
it, all trees were killed on the exposed west side and in the
middle of the valley, but under the protecting mountainsides on
the east bank isolated buds on many trees survived. The
destructiveness of the eruption was even more mitigated in
Soluka Valley, which, although only half as far from the crater,
was sheltered by the ridge of the Barrier Range. (See map.)
This difference is made the more striking by the fact that while
the ashfall was six feet in Soluka Creek it was less than two
feet at the east side of Katmai Valley, and less than a foot on
the west side where the destruction to trees was greatest.
At Russian Anchorage in the left arm of Amalik Bay, 23
miles from the vent, which the writer visited the year after the
eruption, the alders on the mountainsides exposed toward the
volcano showed no signs of life while on the opposite sheltered
slopes they were green with new leaves. This effect could
hardly have been produced except by withering winds from, the
4

Worcester, D. C. National Geographic Mag. 23 : 359. 1912.
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volcano. That the blasts should have retained their power at
such distances is the more remarkable because the intervening
country is covered with high mountains, which must have
offered great obstruction to their passage. So far as the writer
is aware, this is the greatest distance which has been recorded
as having been reached by volcanic blasts.
If then, it may be considered that the evidence available is
sufficient to establish definitely the presence of destructive
blasts at distances up to 25 miles from the volcano, it might be
argued a fortiori how very violent they must have been close
to the crater. But it would not be safe to make such an
assertion, especially since there appears to have been at least
one important difference between these blasts and most of those
previously described.
One of the most striking features of the hot blasts from
Pelee, Taal and Lassen is the extreme localization of their
effects. In each case only a narrow radial sector of the country
around the crater was effected, and the edges of this sector were
sharply defined.
The most striking feature of the blast from Katmai, on the
other hand, is its general distribution around the whole of the
circumference of the crater. Not only did it spread in all
directions from the crater, but the distance to which it retained
its destructiveness was remarkably uniform, being about
25 miles almost everywhere that it has been observed,
with little regard to the character of the intervening country.
It was almost as destructive at Amalik Bay, across the mountains, as in the Valleys of Katmai and Ukak Rivers which
radiate almost directly from the volcano. The only exception
to this condition observed was on the southwest, where the
destruction of trees was limited by the divide at the head of
Martin Creek, which stands somewhat nearer the volcano.
NATURE OF THE BLAST.

The question of the nature of the devastating blast from the
volcano is more difficult to answer from observation so long
after the event, but there are a few lines of evidence which may
be stated even though it may not be wise to draw positive
conclusions. Were poisonous gases given off, or was the
destruction due to the high temperature of the blast?

Jan., 1919]

Effects of the Eruption on Vegetation

181

At Kodiak and throughout the area seriously affected there
seem to have been sulphur fumes of sufficient concentration to
destroy fungous growths, for on our first visit the year following
the eruption, all the lichens were found hanging blackened and
dead in the trees. Similarly, the natives on the Bering Sea side
of the peninsula reported the destruction of the reindeer "moss,"
with disastrous effects on the herds of caribou that were formerly abundant. Not until four years had passed did living
lichens reappear in any quantity at Kodiak. Fungi are, however, very sensitive to sulphur poisoning. The fumes which
were sufficient to kill them at Kodiak caused nothing more than
temporary discomfort to the people residing in the same district.
Nowhere even close to the volcano itself is there any clear
evidence that the seed plants were poisoned by fumes. In
many places plants growing in the crevices of the cliffs, although
protected from damage from hot air by the cold rocks in which
they grew, were so situated that they were fully exposed to the
fumes throughout the eruption. Nowhere in such situations did
we find the dead remains of poisoned plants. On the contrary,
all of the herbaceous plants not covered up by the ash, except
those in the fire-swept zone, seem to have gone on flowering and
fruiting with undiminished vigor since the eruption. Some of
these flowers present most grateful spots of color in a country
otherwise totally devastated. (See page 182). Such blooming
crevice plants are common throughout the lower and middle
portions of Katmai Valley, and numbers of them may also be
found in the upper valley close to the volcano.
The survival of three dogs at Katmai Village, noted by
Martin, also indicates the absence of poisonous gases in deadly
concentration. For, while these animals could probably have
survived hot blasts of considerable intensity by taking to the
native huts, which were half buried and covered with a thick
roof of earth and sod, such places would not afford much
protection against the penetration of poisonous gases. The
evidence, such as it is, seems therefore to favor the hypothesis
that the blasts from Katmai did not owe their destructiveness
to their chemical composition but to other causes. If this is
correct it would fall into line with the best testimony as to the
blasts from Pelee and Taal.
In the case of Taal, Worcester5 believes that the principal
reason for the destructiveness was the heavy charge of small
5

National Geographic Mag. 23 : 350. 1912.
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Photograph by R. F. Griggs
A CLUMP OF HAREBELLS IN A CREVICE IN KATMAT VALLEY.
Such crevice plants on exposed cliffs close up to the volcano indicate the absence
of any great concentration of poisonous gases in the fumes.
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particles of ejecta carried by the blasts, which gave them the
effect of terrific sand blasts. This he inferred from the manner
in which the bark and trunks of trees were shredded where
exposed, and from the fact that even very thin fabrics sufficed
to protect the flesh of victims which otherwise suffered severely.
There is, however, little evidence that a sand blast accompanied the eruption of Katmai. Near the volcano and in
Soluka Creek, at a distance of about ten miles, the limbs of the
trees and bushes were damaged by the hail of falling ejecta
which must have been of considerable violence in areas where
so much ash and pumice fell. But no evidence of shredding by
sand blasts, such as Worcester figures, was seen.
The only place on the mainland where investigations were
made to ascertain the manner of death of the vegetation within
the first year after the eruption was at Russian Anchorage.
(Griggs2). Here the buds of the alders had all been killed, but
the bark was not only intact but alive and in condition to have
made a complete and rapid recovery if there had been living
buds to furnish an outlet for the vitality of the plants. (See
page 184.) The present appearance of the trees in Katmai
Valley indicates that the eruption probably left them in the
same condition. (See page 185.) It is difficult to see how such
damage could be accomplished by a sand blast. It would
seem much more likely to have resulted from hot winds.
As would be expected, the zone of complete destruction by
the blast is surrounded by an area of minor injury. This is the
third of our series of zones which we passed over above without
discussion. It has been observed, especially in the area between
the mouth of Katmai River and Kashvik Bay. Because of the
position of the mountain wall of Katmai Valley, the area of
devastation does not intergrade with this district of slight
injury but is sharply separated from it.
Since this district lies out of the area covered by wind blown
ash, the ashfall here is almost devoid of dust and fine particles,
being composed of fragments of pumice heavy enough to be
relatively little affected by air currents. The total amount of
ash (about one inch) was so slight as to do practically no damage
in itself. And, at first sight, we were inclined to conclude that
the vegetation in this area was in no way injured by the eruption, but closer examination indicates that the bare places on
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the tops of a number of high knolls are probably results of the
blast. There are a few groves of dead trees which, being exposed
toward the volcano, likewise find their most reasonable
explanation in the blast.

Photograph by R. F. Griggs
ALDERS ALMOST DESTROYED BY HAVING THEIR BUDS KILLED.
The cambium was everywhere alive and wherever a bud escaped it grew out with
undiminished vigor. Russian Anchorage, July, 1913.
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ZONE OF HEAVY ASHFALL.

We come now to the consideration of conditions in the
fifth zone where the vegetation, in addition to being swept by
the blasts already discussed under the preceding heading,
was deeply buried under an ashfall so heavy as to prevent
the restoration of an herbaceous ground cover.
Concerning the conditions of death in this area but little needs to be
added to what has already been said in the preceding section,
for the working of the added agent of destruction is so simple
as to require no particular exposition.

Photograph by R. F. Griggs

INJURED POPLARS IN LOWER KATMAI VALLEY.
The branches and ordinary buds were all destroyed. The new growth has come
from dormant buds protected by a heavy growth of bark
on the large brandies.

Curiously enough the chief interest in this zone lies, not in
the death of those plants which perished, but in the circumstances surrounding the survival of the few that persist. For
these not only bear upon our original problem, that of revegetation, but also throw some interesting side lights on the
character of the eruption.
Inasmuch as the area near the volcano was not visited until
three years after the eruption, the observations concerning
these survivals were perforce made on plants which had begun
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to recover. The data are, therefore, somewhat complex,
including, beside the effects of the eruption proper, secondary
effects partly direct consequences of it and partly subsequent
restorative reactions of the plants. It will be advisable, first,
simply to describe the present condition of the vegetation,
after which some attempt may be made to analyze the data
with a view of ascertaining what occurred in the eruption and
what reactions the plants have made since.

Photograph by R. F. Griggs
IN MANY CASES LARGE TREES PERISHED WHERE SMALL ONES
SURVIVED.
See text page 199 for explanation.
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PRESENT CONDITION OF SURVIVING TREES.

Because of the difference in the habit of growth, the survivals among the various species of trees show quite different
degrees of injury. Balsam poplars {P. candicans)* were the
only large trees. All of the growing parts and all of the ordinary
buds of these were killed; but some of the dormant buds,
buried deep in the thick bark of the large branches, survived
and have grown out forming short, bushy brushes, which give
the trees a most outlandish appearance. (See page 185.)
In some places it may be seen that the smaller trees survived
where the taller ones, standing beside them, perished. The
taller trees were, of course, more exposed, and protected the
smaller to a certain extent, but it is not obvious at first why
their own lower branches, which were protected to the same
extent as the adjacent saplings, have not survived. (See page
186.) Sometimes only a few buds on a very large tree have
survived. The most extreme case of this sort of thing observed
is shown on page 192. In other cases the bark is all dead except
for a very narrow strand up one side of the tree which supplies
the few new branches. (See page 198.)
The alder, {A.. sinuata), which is the most characteristic
Alaskan bush everywhere, was simply exterminated. Not until
we had explored a considerable part of Katmai Valley did we
find so much as a single live sprig of alder, and then we saw
only two or three small shoots coming up from the roots.
The birch, (B. kenaika), the Alaskan representative of our
paper birch, has suffered only less severely than the alder.
Throughout the main valley it was destroyed, but in the
more sheltered conditions of Soluka Valley new sprouts from
the roots are fairly abundant.
The Alaska willow, (Salix alaxensis), suffered less than any
other tree. In many places it has, in fact, almost completely
recovered from the effects of the eruption. This is probably
due to its capacity for forming adventitious roots on burial.
(See below, pages 200-202). The other willows, Salix nuttallii,
Salix barclayi, and Salix bebbiana have also recovered to a
considerable extent, though their new growth is much less
luxuriant than in Salix alaxensis. Salix nuttallii in particular
shows an interesting reaction of tops as well as roots. (See
page 201.)
* The writer wishes to extend his thanks to Messrs. Paul C. Standley and
A. S. Hitchcock of the National Herbarium, who kindly verified the determinations
of the plants collected.

Photograph by R. F. Griggs
A DEVIL CLUB GROWING THROUGH THE ASH,
This plant has developed the "two storied" root system, characterisric of the
buried vegetation. One set is just beneath the surface, another in the old
soil. The three layers of the ashfall show well. Lower Katmai Valley—
ashfall 20 inches.
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HERBAGE INJURED LESS THAN TREES.

Beneath the trees, the ground is for the most part absolutely
bare. Wherever the ashfall amounted to three feet or more
nothing could come through. Apparently there were no surface
cracks as around Kodiak. At least no evidence of them remains,
and the ash near the volcano was so much coarser grained than
that deposited at a distance that "mud cracks" would hardly
be expected. Consequently, conditions were much less favorable for the penetration of the ash by the buried herbage. But,
although the herbage was almost completely smothered by the
ashfall, there is good reason to believe that it suffered less from
the eruption itself than did the trees. While the trees remained
exposed to the elements throughout the period of the eruption,
the herbs were quickly covered with a protecting blanket of ash
which shielded them from further injury. Where this blanket
was later removed by the agents of erosion, the smaller plants
have come up in their former profusion and are fruiting freely.
This is true throughout Katmai Valley. And even on the
slopes of the volcano itself, every area bared of ash is occupied
by plants which survived the catastrophe. Wherever the ash
covering has been removed, the old herbage has sent up new shoots.

On "Prospect Point*' for example, a high rocky hill 500 feet
up the slopes of the volcano, a few living plants were found
in 1916 including the following: Potentilla villosa (in flower),
Salix arctica, Salix glauca, Rhodiola rosea (flowering), Carex sp.
(flowering), Oxyria dignyia (flowering), Cerastium sp., Heuchera
glabra, Dryopteris droypteris, three species of grasses, Polytrichum and another small moss. The particular species are,
however, of little importance for the list includes most of the
plants which happened to occupy the denuded area before the
eruption. With the living were the dead remains of only three
others, viz., Alnus sinuata, Diapensia lapponica and Silene
acaulis. On the lowland a few hundred yards farther from the
crater were found: Calamagrostis langsdorfii, (fruiting), Carex
sp. (fruiting), Equisetum arvense, Rubus spectabilis, Sanguisorba
sitchensis, and Artemesia tilesii (flowering). It could be plainly
seen that many of these plants were new shoots coming from
old roots present before the eruption. At another place about
ten miles from the crater, where an upland bog happened to be
so located as to be cleared of ash, the following have reappeared:
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Athyrium cyclosorum, Trientalis arctica, Ledum decumbens,
Betula rotundifolia, Empetrum nigrum, Vactinium uliginosum
(fruiting freely), Cornus suecica (flowering), Vitis-idcea vitisidcea. And so, if one should take a census of the resurrected
plants in various habitats, he could probably find representatives of most of the species in the flora.

Photograph by R. F. Griggs
EVENLY BEDDED STRATA OF KATMAI ASH LYING AS THEY FELL
ON TOP OF A SNOW DRIFT.
The character of the contact and the absence of ice indicate that the ash'was not
hot as it fell. The blanketing of the ash prevented melting for five years.
On Observation Mountain, only seven miles from the crater (June, 1917).
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FALLING ASH RELATIVELY COOL.

The testimony of such plants shows that the explosion of
Katmai differed markedly from many eruptions in the low
temperature of the ejecta. In the case of Tarawera, for example,
Pond and Smith6 report that the ejecta retained a high temperature for a considerable time after they had fallen, and that
the forest was consumed by fires, started presumably by the
hot ash. If such conditions had accompanied the explosion of
Katmai the evidence of them would be plain today. But
nowhere is there any evidence of fire, neither charred wood
nor indications that the buried trees and bushes were injured
by the heat of ejecta coming from Katmai itself. On the contrary, wood of the buried bushes everywhere throughout this
zone, even high up on the slopes of the volcano itself, is sound
and well seasoned as though kiln dried.
The survival of the buried plants is even more significant
evidence of the condition of the falling ash. Had the ejecta
been hot as they fell, the deeper deposits would have cooled
off very slowly and almost certainly would have cooked the
plants beneath. The survival of plants under coverings up to
15 feet in depth would seem to demonstrate conclusively that
the deposits could never have had a very high teniperature.
Over large areas the ash fell on snowdrifts which, instead
of being melted as they would have been by hot ejecta, were
insulated by the thick mantle of ash and have persisted until
the present time. The picture on page 190 shows a cavern
caused by local melting of such a snowdrift which remained
unchanged for five years after the eruption. The strata of ash
lie as smoothly over the snow as over the bare ground, and
there is not the least indication of irregularities due to superficial
melting caused by the heat from the ejecta.
The low temperature of the ash is probably connected with
the character of the ejecta, which are composed of exceptionally
small fragments. There were no bombs of solid lava nor even
large pieces of pumice thrown out from Katmai itself. All the
ejecta are the type of frothy pumice and the largest lumps
seldom reach ten inches in diameter. The finely fragmental
character of the ejecta would operate in two ways to reduce the
6
Pond and Smith. On the Eruption of Mt. Tarawera. Trans. New Zealand
Institute, 19 : 362. 1886.
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temperature which probably was very high before the explosion.
First, smaller particles would be cooled more rapidly in their
journey through the air. This would be much more important
at a distance than on the slopes of the volcano. Second, the
expansion incident to the conversion of the magma into frothy
pumice would absorb much heat and reduce the temperature.
This is probably the more important factor near the vent.

Photograph by R. F. Griggs
A TALL POPLAR ON WHICH ONLY A FEW BUDS SURVIVED.
It seems incredible that so slight a leaf surface should have sufficed to keep the
extensive trunk and roots alive for four years (July, 1916).
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ALL SPECIES SUFFERED ALIKE.

All subsequent observation confirms and strengthens the
point made in the former report, (Griggs2), of the remarkable
absence of specific effects of the eruption proper on different
plants. So far as can be seen, most of the flowering plants
suffered alike. Where any perished, most perished, and where
any escaped, almost all escaped.
The marked differences shown in the recoveries of different
species are traceable in almost every instance to some readily
observable difference in habit or adaptation. Thus Equisetum
arvense came through where nothing else could, not because of
any greater toughness of constitution or greater capacity to
endure burial, but because it could send out runners of a greater
length than other plants. Salix alaxensis recovered better
than the poplars, not because more hardy, but because of its
capacity of forming adventitious roots which the poplars
lacked. Where here and there a few plants survived in the region
of total destruction, it was for the most part due not to
superior resistance but to a fortunate location.
This point is well brought out by a comparison of the
condition of certain of the surviving plants in Soluka Valley,
where the ashfall was six feet, accompanied by a blast, and around
Kodiak, where the ashfall was one foot without marked elevation in temperature. All of the species mentioned were common in both localities before the eruption.
SOLUKA VALLEY.

Alnus sinuata (only one seen alive)
Equisetum arvense (scarce)
Athyrium cyclosorum (thrifty)
. Trientalis arctica (flowering)
Ledutn decumbens (flowering)
Betula rotundifolia (thrifty)
Empetrum nigrum (thrifty)
Vaccinium uliginosutn (fruiting)
Sanguisorba sitchensis (flowering freely)..
Cornus suecica (thrifty)
Vitis-idcea vitis-idaa (thrifty)

KODIAK.

Not injured.
The most abundant survival.
No survivors observed.
No survivors observed.
No survivors observed.
Only occasional.
Very rarely survived, was ubiquitous.
No survivors observed.
.Abundant.
Rarely survived.
. .Rarely survived.

Most of these plants were found on Soluka Creek in the
upland bog from which the ash was cleared away, as mentioned
above. The reason for the survival of these plants here,
when they were practically exterminated around Kodiak,
clearly lies not in any peculiarity of the species themselves,
but in the accident of a favorable situation.

Photograph by D. B. Church

PATCHES OF RESURRECTED HERBAGE IN CLEARED AREAS.
Contrast the bare ground still covered with ash round about. The roots from which these
plants grew up were buried for three years until the ash was swept
away by the Great Flood of July, 1915.

Photograph by R. F. Griggs

DETAIL FROM THE PATCH OF RESURRECTED HERBAGE SHOWN ABOVE.
The high water mark of the flood, which washed off the ash after it had buried the plants
for three years, is plainly shown by the line on the bank and on the trees. The
vegetation comprises a considerable number of species, see text page 196.
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PLANTS WHICH LAY DORMANT FOR THREE YEARS.

At first it was supposed that such recoveries of buried
herbage could occur only when it was exhumed soon after the
eruption, for it did not seem possible that plants could survive burial for many months. But the observations of 1916
showed that this supposition was incorrect, for it was found
that in many places where the ash had lain undisturbed for
three years, until removed by the great flood of July 1915,
plants from the old roots had come up in all their original
vigor, forming in some places a rank and thrifty growth. (£>ee
pictures opposite). When first observed, an effort was made
to interpret these patches in some other way than as survivals of such prolonged burial. It was first thought that
the areas must have been uncovered at an earlier date, for it
appeared incredible that they could have withstood a burial
of three years. But some of the areas were so associated
with high water marks many feet above the valley, that could
only have been made by the great flood, the date of which was
known, that the duration of the period of burial became a
certainty. It was then thought that the rich soil exposed
by the flood might have served simply as a favorable substratum on which wind distributed seeds had started, while
they failed on the adjacent banks of ash. But this hypothesis was rendered untenable when it was observed that this
new growth appeared only in places where the original surface
of the ground had been left undisturbed by the flood waters.
Wherever the wash had been stronger, so as to carry off not only
the ash layer but also the surface soil with its included seeds
and remnants of vegetation, the bared areas, although as
rich as the surface soil, remained for the time, practically barren.
The condition of the plants themselves was more positive
evidence, however, for it admitted of only one interpretation.
The new growth could be traced in most cases directly back
to the old stocks grown before the eruption. Associated
with these were, in many instances, the much weathered
remains of the growth before the eruption, but no remains
of growth of intervening years, such as would undoubtedly
have been present had any shoots appeared in those years,
were noticed. No plants were found which showed any indication of growth for several years back.
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Finally, crucial proof of the ability of the underground
parts of plants to retain their vitality when buried was furnished at Kodiak when I found an old rhizome of Equisetum,
which I had exposed in excavation in 1915, that had put forth
new shoots the following year, as detailed in the first paper
of this series, this journal page 32.
The plants which had thus • recovered after having lain
dormant for three years beneath the ash covering were some
of the most characteristic species of the region, including:
Calamagrostis langsdorfii (fruiting), Equisetum arvense, Carex sp.
(fruiting), Rubusspectabilis, Salixsp., Rhodiolarosea, Sanguisorba
sitchensis, Artemesia tilesii, Poa sp., Streptopus amplexifolius,
Cardamine umbellata, Cerastium sp., and Juncus sp. With the
root survivals were also numerous seedlings, sprung from seeds
that had lain dormant under the ash. Carex and Sambucus
pubens were abundant in all stations. Polemonium acutiftorum
(from seed ?), Geranium erianthum, and Heuchera glabra were
also found but less commonly.
CAUSE OF DORMANCY.

There is little reason for supposing that the species found
as root survivals have any special ability to endure burial,
or that others in the same areas had succumbed, leaving only
the most resistent to survive. The areas in question were
not large. If larger areas with more varied habitats had been
exposed, the list of survivals would probably have been considerably increased. The fact that this ability to recover
after such a period of enforced dormancy was shown by various
species of plants, directs inquiry to the physical conditions
of the environment which made survival possible. Unfortunately not enough is known of the environmental conditions
to enable one to make any satisfactory hypothesis as to the
causal factors, but some facts bearing on the situation may be
enumerated. The first supposition would naturally be that
a low soil temperature was the responsible factor. But the
facts of the situation will hardly permit one to assign to it the
principal role in this connection. It must be remembered
that the Katmai district is south of the region where the soil
is permanently frozen.
The August soil temperatures at a depth of 30 inches were
found to vary from 38°-56° F. in different situations. The
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most common readings were about 43° F. as compared with air
temperatures averaging about 50° F. Thus the temperature
beneath the heavy ash blankets on the mainland may be presumed to be in the neighborhood of 40°. F, But the Equisetum
at Kodiak, which revived on being dug up, had been buried
only a few inches beneath the surface and must have been at
a temperature well above the growth minimum for several
months in each of the three years of its burial. Next to the
low temperature, one thinks of desiccation as a means of
maintaining a dormant condition in plants. But desiccation
cannot have been a factor in this case for the country is notoriously wet. Indeed, the Equisetum had lain below the water
table in all but the driest months of the year. One might
go on and consider the possible lack of oxygen and other factors, but there was nothing in the field to suggest the action
of such factors and no means available of estimating their
probable effect.
There is some evidence that a similar dormant period may
follow the shock of an eruption even in a tropical country, where
the vegetation is not accustomed to such seasonal variations as
the plants of the Katmai District are subjected to by the long
winters. In the revegetation of Taal, which has been studied in
more detail than that of any other volcano up to the present,
Gates7 found in October, 1913, nearly three years after the
eruption, only three clumps of bananas and none of bamboo.
But, "in April, 1914, bananas were fairly abundant and indicated quite well the positions of many of the former houses,"
while bamboo was also prominent. Brown, Merrill and Yates8
furthermore submit evidence which indicates that a large
proportion of the new vegetation of Taal may have come from
old roots which lay dormant for a long period.
RESTORATIVE REACTIONS OF SURVIVING PLANTS.

From what has been said above, it is evident that those
trees, which were not killed outright by the eruption, were so
injured that the chances of their ultimate recovery must have
appeared remote if they had been examined soon after the
7
Gates, F. C. The Pioneer Vegetation of Taal Volcano. Philip. Journ. Sci.
Ser. C, 9: 391-434. Pis. 3-10. 1914.
8
Brown, Merrill and Yates. The Revegetation of Volcano Island, Luzon,
Philippine Islands Since the Eruption of Taal Volcano in 1911. Philip. Tourn.
Sci. Ser. C, 12 : 177-248. Pis. 4-16. 1917.

Photograph by D. B. Church
A POPLAR IN WHICH AfFEW TWIGS ARE KEPT ALIVE BY A NARROW
STRAND OF BARK (concealed in picture).
All the rest ofj_the bark has died of starvation and dropped off.
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eruption. The problem which had to be met by these trees
was to maintain the extensive system of uninjured roots and
branches with almost no leaves until new growth could provide
the leaf surface necessary to feed the rest of the plant. The
capacity shown by some of the trees of adjusting themselves to
such abnormal conditions is remarkable. The most extreme
case was found on Soluka Creek where a tall poplar was dead
except for a very few twigs in the top. (See page 192.) The
bark of this tree, which was 41 inches in girth, was dead along
two strips 6 and 4 inches wide, leaving two bands of living bark
15 and 16 inches wide and 40 to 50 feet high to be supported by
only the handful of leaves at the top. In another case all the
bark had dropped off except the narrow strip connecting with
the new growth, (see page 198), leaving the tree apparently
stripped when viewed from the other side. Since the side of
the trees where the bark persisted bore no relation to the position of the volcano, there is no reason for believing that the rest
of the bark was killed in the eruption, this only escaping. It is
rather to be supposed that the remainder of the bark died of
starvation for lack of ability to put forth leaves.
TREES STARVING FOR LACK OF LEAVES.

Along with instances such as the foregoing, where trees have
managed to survive with very small leaf areas, are others where
they have succumbed through inability to tide over the period
intervening before an adequate number of leaves could be
grown. On many of the poplars the new twigs, after growing
for a little while, blighted and died. On such trees it could be
seen that the twigs farthest from the roots were dying first, and
many cases were seen where the new twigs close to the ground
were continuing to thrive where those higher up had long since
withered away. (See page 200). But in others, the whole tree
had perished after a futile attempt at renewed growth. This
blighting is interpreted as due to the breaking down of the
conducting or root systems, which was in turn caused by malnutrition from the lack of leaves. In this is found the explanation of the survival of saplings where large trees perished, as
noted above. The new leaves were able to keep the roots and
bark of the sapling alive, but not sufficient to maintain the more
extensive roots and tops of the large trees. Thus many trees,
comparatively but little injured in the eruption itself, have died
subsequently because of inability to make good the destroyed
buds.
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N E W ROOTS AT THE SURFACE OF THE ASH.

Those plants like the willows, which readily put out new
roots, were at a considerable advantage in recovering from the
eruption, as compared with those without this power, like the
poplars. For such plants, by putting out new shoots at the
surface of the ash and new roots just beneath, could start
afresh on the same basis as young plants without the necessity

Photograph by R. F. Griggs
A POPLAR WHOSE NEW SHOOTS ARE BLIGHTING, BEGINNING AT
THE TOP, BECAUSE OF STARVATION OF THE ROOT SYSTEM.
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of carrying the over-extended tops and roots of the old trees.
This is very conspicuous in many places where the Alaska
willow (Salix alaxensis) grew among the poplars. In the
course of three years the willow practically made good its
losses and was as thrifty as ever, while the poplars were more
dead than alive.
In places where the ash, after lying on the ground for some
time, has been washed away by streams, exposing the buried
parts of such trees, the difference between the willows and
poplars is very striking. The dead poplar trunks stand as they
were at the time of the eruption, but the willows have grown
extensive systems of new roots. These are not distributed
throughout the length of the buried stem but are almost confined to the region immediately beneath the former surface of
the ash. (See page 202.) The advantage of the willow over the
poplar is obvious. That these new roots were really the decisive
factors in the survival of the willows is shown by numerous
cases where trees which had survived burial had succumbed to
the removal of the ash layer, with the consequent dislocation
of the new roots.
This type of root reaction was not confined to the willows
but was found in a number of other plants as well. In general
it may be stated that the stems of buried plants either remained
unchanged, or reacted in this manner, developing the characteristic two-storied root system. The plants in which this
reaction was found were: . Salix alaxensis, Salix nuttallii,
Salix glauca, Echinopanax horridum (see page 188), Calamagrostis langsdorfii, Betula rotundifolia (feeble), Rubus specta•bilis, Vaccinium ovalifolium, Deschampsia caspitosa.
STEM REACTIONS.

The reactions of the aerial parts of plants remain to be
considered. For the most part the new growth gives no indication that unusual conditions were introduced.in burial beyond
those incident to the merely mechanical action of the ash.
But a few species show interesting reactions to burial. The
most conspicuous case is the pussy willow (Salix nuttallii).
Before the eruption this grew as an erect bush two or three
meters tall. In many cases all parts above the ground were
killed in the eruption, but new snoots have been put out from
the surface of the ash. These show no tendency to form new
branches like the original trunk, but spread out flat on the

Photograph by D. B. Church

THE NEW ROOT SYSTEM OF A WILLOW EXPOSED BY A SHIFT IN FICKLE CREEK.
To the left may be seen the surface of the ash, while the stream at the right has cut into the original soil. The new roots
came out eight feet above the original root system. Note the absence of such roots on the poplars in the
bank and the comparative insignificance of their new growth.
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ground, forming a rosette or mat. (See below.) An investigation of the physiological causes by which this reaction is
brought about would yield exceedingly interesting results if one
could find the means of attacking the problem. A satisfactory
solution should throw much light on the causes underlying the
development of prostrate shrubs in general, such as the prostrate juniper of the north and the prostrate yew of our own
woods, both forms being closely related to erect growing species.

Photograph by R. F. Griggs

Before the eruption Salix nuttallii grew as an upright tree. The tops were killed
.and the new growth forms prostrate mats on the surface of the ground.
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ZONE OF INCINERATION.

We come now to the consideration of the final zone. Curiously enough, areas of complete sterilization in which all vestiges
of life were consumed by fire occur only at one side of the
volcano, being confined to the vicinity of the Valley of Ten
Thousand Smokes. On the other side of the range in Katmai
Valley there is, as already remarked, not the slightest evidence
of fire in connection with the eruption. Since the ashfall
is much greater on that side, one is bound to conclude that no
fires occured in connection with the eruption of Katmai proper,
but that the manifold evidences of intense heat to be found
in the area northwest of the volcano were not due to agencies
emanating from the crater of Katmai. As will be seen, this
conclusion is supported by so much local evidence of a positive character in the area burned over that there can be little
question of its correctness.
Throughout the upper portion of the Valley of Ten Thousand
Smokes and its branches not a vestige of the vegetation which
must once have covered it is to be found. So complete has
been the destruction that no evidence of what happened to
the plants remains to tell the tale. As we explored this district we were for a long time altogether at a loss to understand
what had happened. We could not reasonably suppose that
the area had been devoid of all vegetation before the eruption.
Indeed, we knew that there were once good sized trees far up
toward Katmai Pass. On the other hanc^ in the light of our
acquaintance with conditions on the opposite side of the range,
we were hesitant in hypothecating destructive agencies so
intense as to eradicate the very evidence of their -action.
Nevertheless we could see plainly that over a considerable
part of the area the gray-green sandstones had been burned
to a brick red by the heat of the eruption.
It was not until we extended our explorations down toward the foot of the great mud flow that fills the valleys throughout this zone that we began to find evidence confirming the
suspicions aroused by the absence of plant remains around
its head. In its upper portion the mud flow is so thick that
we could nowhere find a stream-trench or fault line sufficiently deep to expose the relations of the mud flow to the
underlying original soil. But at its lower end, where it is
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thinner, there is abundant opportunity to observe its effect
on vegetation.
Here the mud flowed down through the forest engulfing
the trees that stood in its path. (See below). If one
walks along the edge of the flow where its effect on the
trees can best be observed he can see what happened in the
clearest possible fashion. The trees and bushes everywhere
show evidence of disturbance by the moving stream of mud,
but there is no indication of such violent action as would have
been left in the wake of a torrent of water, for none of the trees

Photograph by R. F. Griggs

BURNED REMNANTS OF THE TREES ALONG THE EDGE OF THE
MUD FLOW.
The trees on higher ground at the right, out of reach of the mud, though killed
by the eruption, show no sign of fire. The mud flow, which so incinerated
vegetation, was entirely independent of the explosion of Katmai. (See
No. IIT of this series of articles).

are uprooted or broken up by the flow. In many places the
tops protrude above the surface of the solidified mud. Such
old tops are, however, but loosely held by the mud. If one
takes hold of them they pull right out, when it is found that
they are charred through about a foot below the surface.
The stream canyons in this district show abundant sections
of the mud containing such trees. The charring action was so
thorough that every particle of vegetation touched by the mud
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is completely reduced to charcoal. Some of the logs so charred
are as much as a foot in diameter. (See below). In other
places where the original ground has been uncovered by erosion,
the remains of the mat of vegetation that covered it lie in place
as a sheet of charcoal. (See page 207).
At a few places around this lower end of the mud flow the
trunks of the trees standing above the level of the flow are
scorched as though by a grass fire. But, for the most part,

Photograph by L. G. Folsom
THE TRUNK OF A TREE ENGULFED BY THE MUD FLOW.
Although a foot in diameter, it was entirely reduced to charcoal by the heat of
the mud flow. This section was found at the extreme limit of the zone
of incineration, seventeen miles from the crater of Katmai.
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no evidence remains to indicate the cause of the death of this
forest. Its general aspect is much like that of the forests whose
destruction has been attributed to blasts from the volcano,
but differs in that here projecting shoulders of the mountains,
etc., seem to have given little if any protection to the trees
behind them.
Halfway up the Valley, however, we found a mountainside which had every appearance of having been swept by a
fire that had blackened the surface of all the remains of the
vegetation, which had consisted of herbs and dwarf shrubs.

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.

This was the last sign of plant life found in the Valley, for
further up the rocky hills were all absolutely devoid of plant
remains. Unless they were originally totally barren, which
seems impossible, they must have been so thoroughly burned
over that all plant remains were consumed. While it may be
somewhat uncertain how large an area was so completely
sterilized as this, there can be little doubt but that such was
the fate of all the district whose rocks were baked red by the
heat.
One cannot consider these evidences of consuming heat without speculating as to the exact conditions under which it worked;
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what the temperatures may have been; what chemicals may
have been associated with its action; whether deadly fumes
were given off along with the high temperatures; why charring
was for the most part subterranean; why the destructive
agencies were apparently more intense toward the head of the
Valley; and a number of other similar problems. But these
questions more properly belong to the geological discussion of
the events of the eruption. They will, therefore, be passed
over here and left for later discussion in their proper place.
The area included in this ultimate zone of complete
annihilation is that of the basins in which fissure eruptions have
occurred, namely, all of the valleys now occupied by volcanic
vents and the upper part of Mageik Valley down to Observation
Mountain, which is occupied by a mud flow similar to that of
the Valley of Ten Thousand Smokes, and gives clear evidence
of having been formerly the seat of fumarole action. Altogether
this area of annihilation covers some 100 square miles.
Before concluding, it may be desirable to add a few statements concerning animal life, for in the zones of greater destruction the whole story may be told in a few sentences. In the last
zone, all animal life was of course annihilated. In the district
of deep deposits all animals were destroyed except for a few
wood boring insects, which not only were protected by their
habitats, but were furnished with an abundant supply of food
in the trees killed by the eruption, Within the area of destructive blasts (Zone 4) the same condition prevails, but here one
finds an increasing number of survivals favored by some
special circumstance of habitat or situation.
SUMMARY.

The effect on the observer of a study of this stupendous
eruption, as revealed by its effects on vegetation, is like that
of any other consideration of its phenomena and serves greatly
to augment his conception of its surpassing magnitude. Passing
our results briefly in review will aid in giving a single concrete
picture of this tremendous cataclysm, susceptible of comparison
with other great eruptions.
1. Rains bearing sulphuric acid in such concentration as to
destroy gardens occurred as much as 300 miles from the volcano.
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2. An area of 7,300 square miles was covered with ash so
deeply as to destroy the smaller plants.
3. Death-dealing blasts from the volcano killed trees' 25
miles away, destroying the forest over an area of more than
1,500 square miles.
4. Ashfall, so heavy as to obliterate all herbaceous plants
except on steep hillsides, etc., covered an area of about 970
square miles.
5. Mud flows so hot as to reduce to charcoal all vegetation
with which they came into contact were poured out over an
area of about 53 square miles.
6. An area of about 39 square miles, in which there is no
trace of former vegetation, was probably swept by fires of great
intensity, making the total area in which all life was annihilated
140 square miles.

