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The Mazama ash is a layer of pyroclastic material widely distributed throughout the
Pacific Northwestern states and adjoining parts of British Columbia and Alberta. The
source of this material was the cataclysmic eruption of Mount Mazama in southwestern
Oregon, which produced the basin now holding Crater Lake. The eruption threw
large quantities of pumice and ash material high into the air where the prevailing
winds transported it hundreds of miles to the north and northeast.

Radiocarbon dates obtained from organic material associated with the Mazama
ash place its age at approximately 6,600 years (Fryxell, 1965). Powers and Wilcox
(1964) and Wilcox (1965) have described the refractive indices of the wvarious
mineral components (clino- and orthopyroxene, hornblende, plagioclase, and glass)
of the Mazama ash and contrasted these with the values obtained from other pyro-
clastic deposits. Czamanske and Porter (1965) have shown that elemental composi-
tion, TiOz content in particular, can be used to distinguish the Mazama ash from other
pyroclastic deposits. The Mazama ash has been widely used as a stratigraphic marker
horizon in the dating of archeological, geological, and biological events in the Pacific
Northwest.

At approximately equal distances from the vent, the Mazama ash should have an

essentially uniform chemical composition, although the composition is subject to varia-

tion caused by the mechanisms stated by Czamanske and Porter (1965). The Mazama
ash was deposited in a broad range of weathering environments. On sites where the .
ash has remained undisturbed and uncortaminated since the time of deposition, the -

differences in chemical composition can largely be ascribed to the differences in the

type and intensity of the weathering processes which have taken place over the last ‘;

6,600 years. The purpose of this study is to examine the variation in the chemical
composition in samples of the Mazama ash which have been exposed to a wide range
of weathering conditions and to relate this variation in chemical composition to the
types and intensities of weathering processes which have taken place.

1 This paper is the result of a class project in a one-quarter geochemistry course at the University
of Washington.
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The characteristics of the material resulting from the weathering of a surficial
deposit have been related to the various factors which affect them by the equation
of Jenny (1941):

s = f(ptcor, . . .)

in which s represents the sum of the characteristics exhibited by the deposit after
weathering, p parent material, ¢ time, ¢ climate, o organisms, and 7 topographic relief.
In the case of the Mazama ash, the first two variables can be considered to be constant,
leaving climate, organisms, and relief to be the variables which will produce the major
differences between the ash located at the various locations. Climate, as represented
by annual precipitation, was selected as the most important single variable in this
study because of the close relationship between vegetation and zonal soil patterns and
rainfall distribution.

Experimental Procedure

Sampling. As shown in Figure 1, samples of the Mazama ash were collected from a
variety of environments in the state of Washington. A range of 15 to 115 inches
of precipitation is represented by 10 sample stations.
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Figure 1. Distribution of sites from which samples of Mazama ash were collected and belts of
average annual precipitation in inches throughout the state of Washington (from
Landes, 1917).

The Mount Mazama ash was identified in the field by its color and stratigraphic
location. In the laboratory, sample identification was verified by refractive index.

At five of the stations, ash was collected from three laterally separated sample
sites. Two samples were used for chemical analysis; the third sample was used for
determination of color and of refractive index. Single samples from the remaining
five stations were provided by Dr. 8. C. Porter of the Department of Geological Sciences,
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Figure 6. Relative loss or gain in petcent by weight of FeyOy and FeO, TiO,, Na,O and K,O
with Al,O3 held constant as a function of average annual precipitation in inches, based
on analysis of Mazama lump pumice by Moore (1937) and analysis of Marmes site
sample.

Figure 5. Relative loss or gain in percent by weight of Fe;O3 and FeO, TiO, Na,O and K,O
with AlyO,; held constant as a function of average annual precipitation in inches,
based on analysis of Marmes site sample.
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Summary and Conclusions

If original composition of Mazama ash was reasonably uniform, then the follow
definitive trends of compositional variation within the ash are related to differences
in annual precipitation between present environments of weathering: (1) Fe, Al, and
Ti increase markedly in relative abundance with increasing annual precipitation. (2) Na :
and K decrease markedly with increasing precipitation, with Ca demonstrating a simi-
lar but less conclusive trend. (3) Mg exhibits no conclusive relationship to annual
precipitation, but appears to decrease slightly with increasing precipitation.

The above conclusions are compatible with chemical predictions for the behavior
of the respéctive elements in a hydrolyzing, weathering environment based on a con-
sideration of their respective ionic potentials. That is, elements of (1) above are
expected to form insoluble hydroxides; elements under (2) to form soluble cations,
and Mg is expected to form either an insoluble hydroxide or soluble cation dependent
on local environmental factors. Thus, Na, K and Ca are mobile or soluble com-
ponents relative to Fe, Al and Ti, are more rapidly removed from the ash, and thereby
produce a relative enrichment in Fe, Al and Ti.

Strong positive correlations between changes in the amount of any element
within one of the above two groups and changes in the amount of the other elements
in the same group also suggest similar chemical behavior of the elements within
each group. .

If the compositions of all ash samples are “normalized” to an “unweathered” ref-
erence standard by assuming that Al content remains unchanged during weathering,
the following approximations of percent change between conditions of 20 inches of
annual precipitation and 100 inches annual precipitation have taken place over 6,600
years of weathering:

K20 = 49%
Na:0 = —46%
TiO: = -11%

FeO -+ Fe:O3 = +8%

It should be emphasized that these figures are only crude approximations based
on the assumptions of “normalization” described in connection with Figure 4. None-
theless, these results illustrate rather dramatically the approximate magnitude of the
absolute compositional changes effected by the relative trends described above.

Strong correlations exist between variation in annual precipitation and variation
in percent by weight of Al:Os, Fes03TiOz, K20 and NaO in Mazama ash. Annual
precipitation thus appears to be a very satisfactory index of the effective chemical
weathering environment of the ash for these elements. It must be remembered,

however, that weathering is controlled by many factors and locally these can modify

the overall effect of precipitation.

By increasing the number of samples throughout the range of annual precipitation,
it may be possible to develop an equation which would predict the ranges of composi-
tion values for selected elements in the Mazama ash using annual precipitation as the
single independent variable. Such an equation could provide a “climatic correction”
which would project the weathered composition of an ash deposit back to a dry environ-

ment, "unweathered” composition. Such a “climatic correction” would increase the :

validity of using elemental percentages as a basis for differentiating berween different
pyroclastic units. :
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Czamanske and Porter (1965) recognized that the use of the titanium content
an ash as a stratigraphic indicator requires unweathered samples. Our study con-

“firms this, and our Figures 4-6 suggest that the TiOx: ALQs ratio of an ash may be a
" useful indicator, even on weathered samples, because the titanium content shows only
a small change relative to the aluminum content.
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