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Certain samples of Katmai volcanic ash collected by Dr.
R. F. Griggs in 1916 were found by him not to support the
growth of plants, but on the contrary apparently to have a
toxic effect upon germinated seedlings. Qualitative tests made
by the author upon these samples indicated the presence of
ferrous sulphate together with a decided acidity in the water
extract. During the expedition of 1917 other samples of ash
were collected from deposits upon which vegetation had secured
a more or less precarious hold, and in which field observations
showed acidity in conjunction with the presence of ferrous iron.
These samples were analyzed with the object of ascertaining
whether the acidity and ferrous iron content was sufficient
to account for the apparent sterility.

SAMPLE NO. 1. Stream deposited ash from near Katmai Church
at the mouth of Katmai River, collected in 1916. Sample 33,
Vegetation Station No. 102. Wheat germinated, but the seedlings
quickly became malformed and never appeared above the surface.
For determination of nitrogen content, see page 218.

SAMPLE No. 2. Katmai Mud Flow on Katmai Volcano, collected in
1916. By itself it was toxic to wheat, but this toxicity was removed
when it was mixed with coarse sand.

SAMPLE NO. 3. Katmai Mud Flow, collected in 1917.
SAMPLE No. 4. Pillar Mountain Station, Kodiak Island. Vegeta-

tion Station No. 14. Collected in 1917. Plants not growing.
SAMPLE NO. 5. Katmai River mud, deposit above Camp II.

Seedling grass growing. For nitrogen content see page 218.
SAMPLE No. 6. Similar to No. 5, and close to it, but seedling grass

had died. For nitrogen content see page 218.

The analysis was carried out on 100 gram samples of the
air dried ash. This amount of each sample was placed on a
filter paper in a funnel and lixiviated with successive portions
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of hot water, until the filtrate approximated 500 cubic centi-
meters. This water extract was then made up to exactly
500 cubic centimeters and 100 cubic centimeter portions used
for the analysis. The acidity was determined by titration
against N/100 NaOH and calculated as H2SO4, the ferrous
iron by titration against N/20 KMnO4. The ferric iron was
also determined in Samples No. 1 and No. 6 by reduction with
zinc and sulphuric acid and titration against KMnO4. The
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FLOOD BORNE SILT AROUND KATMAI CHURCH.
This appeared to be a favorable situation for the beginning of revegetation, but

it was found by experiment that the soil was toxic to wheat plants.
The analysis showed 0.558% of ferrous iron.

increase in the amount of KMnO4 used in this titration, over
that in an equal volume before reduction, gave a measure of the
ferric iron. The water soluble sulphate was also determined in
these two samples by precipitation as BaSO4. The accompany-
ing table contains the results of the analysis.

Ferrous sulphate is not only directly injurious to plant
growth, but by inhibiting the action of nitrifying bacteria
indirectly cuts off the supply of an essential food. The presence
of this toxic compound, together with the low nitrogen content
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of. the Katmai ash, will militate strongly against the revegeta-
tion of the areas affected. Ferrous sulphate in the presence
of water hydrolyzes, giving ferrous hydroxide and sulphuric
acid. Nitrifying bacteria do not thrive well in a strongly
acid medium. The presence of 1.35% FeO (FeSC>4 calculated
as FeO) kills all nitrifying bacteria, while 0.3%, according to
Storer1, is very injurious. Voelcker found that 0.5% FeSO4
did much harm to plants, while 1.0% killed entirely.

TABLE I.
WATER SOLUBLE FERROUS IRON CONTENT AND ACIDITY OF KATMAI VOLCANIC ASH.

SAMPLE NO.

Aciditv as H2SO4
Ferrcms Iron as FeO..
Ferric Iron as Fe?.O3.
Sulphate as SO4

1
%

0.215
0.558
0.037
0.300

2
%

0.020
0.063

3
%

0.014
0.040

4
%

0.003
0.081

5
%

0.025
0.180

6
%

0.057
0.270
0.025
0.081

The toxic effects of Samples No. 1 and No. 6 are no doubt
attributable to the ferrous iron content, while Sample No. 5 is
probably a poor soil for the growth of. most plants. In fact, the
seedling grass observed on it was far from healthy and strong.
A low nitrogen content, of course, would prevent any rank
growth, and this Sample No. 5 also possesses. The Katmai
Mud Flow does not possess sufficient ferrous sulphate to injure
plant development and consequently, as Dr. Griggs found, wheat
would germinate and grow when the ash was brought into
proper physical condition by the addition of coarse sand.

The soluble sulphate content of the samples analyzed is not
sufficient to combine with all the iron present. There was a
certain amount of chloride present in the samples, but a quanti-
tative estimation of this acid radical was not made. The
ratio of sulphate to iron in the two samples analyzed is
practically the same.

The presence of water soluble ferrous, iron in the above
samples is probably directly attributable to the volcanic origin
of the ash. Ferrous iron in marshland and moors is attributed
to the reducing action of algae upon sulphates, but here, although
the soil was wet, alga? were not in evidence to any extent, and
surface water conditions could hardly be considered as stagnant.

Storer, F. H. Agriculture in Some of its Relations to Chemistry. Vol. 2,
page 209. 1906.
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The conditions of the eruption were reducing, and sulphuretted
hydrogen, together with hydrochloric acid, are still important
volcanic emanations of this region. The ash contains con-
siderable quantities of ferrous iron, and this acted upon by the
acid fumes would give water soluble ferrous iron. Some of
the streams leaching the slopes of Mt. Katmai are strongly
impregnated with alum, indicating plenty of sulphates in the
ash deposit. The finely divided, water deposited ash of Samples
No. 1 and No. 6 are very compact and practically impervious
to atmospheric oxygen; consequently the iron has had little
opportunity to pass to the ferric condition. Moreover, the
absence of humus and of soluble calcium salts prevents the
fixing of the toxic ferrous iron into compounds non-injurious
to plant growth.

Numerous observations in the field showed that ferrous
iron and acidity were always associated with finely divided,
river deposited ash saturated with water. This formed a
compact impervious mass, through which an exchange of water
soluble substances would not occur; for, being saturated from
below, any rainfall on its surface immediately runs' off without
appreciably affecting the content of the mass. Even the ash
deposit on Pillar Mountain, although wind deposited, was
nevertheless of this character, for it was very finely divided and
saturated from the seepage of the hill upon which it rested. All
deposits of the ash, where composed of coarser materials, were
found to be free from water soluble ferrous iron and sulphuric
acid. This was no doubt due to efficient drainage, with con-
sequent aeration and prevention of the accumulation of these
toxic compounds.

THE WATER SOLUBLE SALT CONTENT OF KATMAI VOLCANIC ASH.

The water soluble salt content of a number of samples of the
Katmai volcanic ash was determined by the Electrical Bridge,
according to the method recommended by Davis and Bryan2,
for the determination of alkali in soils. The measurements
were carried out on samples of the ash, treated with distilled
water, until just a little more than saturated. The instru-
ment used was the latest, form of the Electrical Bridge,
as described by Davis and Bryan in the above mentioned
bulletin, and the calculations for the salt content from the
Bridge readings were based on their factor 1.45 as the ratio

2Davis, R. O. E. and Bryan, H. The Electrical Bridge for the Determination
of Soluble Salts in Soils. U. S. Dept. of Agriculture, Bureau of Soils, Bull. 61. 1910.
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of soil resistance to solution resistance. The use of this factor
was made necessary since the table of resistances and salt
content did not cover the whole range desired. A series of
resistances for sodium chloride solution, ranging from 0.5
grams to 2500 grams per 100,000 of water was determined on
the Bridge, and by using the factor 1.45 and interpolating, the
results given in Table II were obtained. No great degree of
accuracy is claimed for the results, but the measurements are
roughly approximate, and give some idea of the soluble salt con-
tent in the volcanic ash deposits. Included in the table are two

Photograph by R. F. Griggs
DEPOSIT OF BARE ASH ON PILLAR MOUNTAIN, KODIAK.

Determinations of ferrous iron, acidity, soluble salt content, ammonia, nitrite
and total nitrogen content of this ash were made.

measurements made with the same instrument on arable soil,
the samples being representative of the first six inches. The
Katmai River wash, where finely divided, contains a much
higher salt content than the normal soil or the coarse deposits,
such as those of the Martin Creek flat. The ash from the wind
blown drift on Pillar Mountain contains very little soluble salt
content, a factor possibly entering into the non-fertility of
this deposit. The two samples from the Katmai Mud Flow show
very little variation, although a twelvemonth elapsed between
the collections. The very fine upper layer of ash, as collected
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from the slopes of E^atmai, shows a relatively high water soluble
content, 39.2 parts (per 100,000. This finely divided, compact
layer does not leachj out so readily as the coarse material of the
lower layers, and consequently will hold its salt content more
tenaciously.

A comparison of the total water soluble salt content, as deter-
mined by the Electrical Bridge, with the ferrous iron content, as
determined by successive leachings and titration with KMnO4)
shows a wide divergence in the cases of Sample 33 and the
Pillar Mountain drift. The total water soluble content does
not nearly approximate the ferrous iron content as calculated
from the reducing property of the leachings. This would

TABLE II.
SOLUBLE SALT CONTENT OF KATMAI ASH. CALCULATED FROM THE ELECTRICAL

RESISTANCF.

Resistance
at 60° F.

Ohms

Calculated
Salt Content
per 100,000

Grams

(1) Sample 33. Stream deposited ash, Katmai Church.
Wheat would not grow

(2) Katmai Mud Flow. 1916
(3) Katmai Mud Flow. 1917
(4) Ash, Pillar Mountain Station, Kodiak
(5) Katmai River wash. Seedlings growing
(6) Katmai River wash. Seedlings died
(7) Sample 37. Generalized sample of ash as it lay on

the ground after three years weathering, Kodiak,
August, 1915

(8) Sample 38. Wind blown ash, collected in attic,
Kodiak

(9) Ash from around roots of lupine, Martin Creek flat
(10) Top layer ash, 2000 feet up Katmai Volcano
(11) Tundra, Kashvik Bay
(12) .Red River Valley black loam, timothy growing..
(13) Red River Valley black loam, oat field

256
684
673
4218
162
136

196

388
1344
558
826
445
515

92.0
29.1
30.0
5.7

195.0
230.0

160.0

53.5
15.6
39.2
19.0
48.2
43.0

indicate that the ferrous compound, whatever it may be,,
either does not go readily into solution or does not dissociate.
The agreement between the results in the case of the remainder
of the samples included in Table I and those in Table II is
much closer. Although a considerable range of water soluble
salt content in the various samples of ash is seen to exist, yet
the divergence from that of a normal soil is not so marked as
one might expect, the content from the normal soils listed lying
intermediate between the extremes of the ash samples. Even
the high water soluble salt content of (1), (5), (6) and (7),
in Table II, is not so high as that of some alkali soils on which
crops grow and mature.




