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Investigations were conducted to (1) determine the original

pattern of deposition and thickness of ash in the Ochoco and Blue

Mountain areas of Oregon, (Z) determine if discontinuities exist in

the parent material of these soils, (3) determine the degree of mixing

of ash with other materials and evaluate reworking or stability of

volcanic ash bodies over the landscape since deposition, and (4) eval-

uate changes due to weathering and genesis of soils developed from

Mazama ash. Primary emphasis was placed in three study areas:

Ochoco Butte, Day Creek and Tollgate.

With the exception of overthickening of small portions of the

windward edges of vegetated areas of the Ochoco Butte and Day Creek

areas, the thickness of ash in the center of the ash bodies in all

three study areas, is generally uniform. The upland thickness of

ash in the Ochoco Butte and Day Creek areas is in the order of 55

cm, while in the Tollgate area the ash thickness is in the order of



67 cm. The thickness observations in the Tollgate area contrast to

the generally accepted view that the thickness of the deposit decreases

with increasing distance from the source. The uniform overthicken-

ing of the Tollgate area is attributed to several factors; the most sig-

nificant are the presence of about nine cm of St. Helens Y ash in the

area and high precipitation bringing down more ash at the time of

original ash fall as suggested by the occurrence of accretionary lapil-

li. The observed thicknesses are greater than predicted by Williams

and Goles (1968). The difference is attributed to the location of the

study areas along the NE axis of the main lobe, whereas the pro-

jected thickness by Williams and Goles is along a north axis.

Chemical composition, mineralogy, morphology, and particle

size show a discontinuity in the parent material of ash profiles at

the boundary of Cl with C2 horizons. The upper layer (A, AC, and

Cl horizons) and the lower layer (C2 horizon) behave as two different

stratigraphic units suggesting that the layers represent different

showers from Mt. Mazama.

Two major kinds of mixing identified in the study areas are mixing

of the two ash layers (C2with C1) and mixing ash with non-ash. The

C2 layer is residual in some places, mixed with Cl in others, and

missing in still others. The amounts and distribution of >2 mm rock

fragments, biotite, lithic material, and quartz in the ash profiles

indicate that the amount of non-ash mixed in ash decreases with



depth and that the total amount of mixing of non-ash with ash is small.

The absence of ash on most south slopes, its presence in alluvial

and colluvial ash fans along streams and canyons, and its "patchy"

distribution on land surfaces suggests that considerable erosion,

movement and redeposition of ash has taken place. However, the

study areas on high ridge tops under vegetative cover show no drastic

reworking of ash deposits by wind or water in these topographic posi-

tions. This is indicated by decreasing grass opal content with depth,

presence of 5300 year old charcoal in a straight line in the profile,

and general uniformity in thickness of the ash deposit. The major

amount of mixing is attributed to tree throw.

The only observable genetic feature of the ash profiles is the

development of A and AC horizons. These horizons are developed

in the upper layer. The weakly developed profiles, coarse silt min-

erology, distribution of particle sizes, and elemental composition

indicate that soils are only slightly weathered even after 6600 years.

Small differences in the chemical composition of A and AC as com-

pared to Cl can mainly be attributed to weathering of glass, although

may be due in part to the presence of paleosolic material in the A

and AC horizons. The small amount of weathering of the ash soils

may be due to the acidic (high silica) nature of the deposit and an

unfavorable climate for weathering.
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STRATIGRAPHY AND GENESIS OF SOILS
FROM VOLCANIC ASH IN THE BLUE MOUNTAINS

OF EASTERN OREGON

INTRODUCTION

Most Oregon soils are either developed from volcanic ash or

have been influenced by it. Many areas of the state have received

pyroclastic materials from Glacier Peak and Mount Mazama (now

Crater Lake, Oregon) during Recent time. The deposit from Mount

Mazama which erupted about 6600 years ago (Allison, 1966; Libby,

1955) is the most extensive surfacial deposit in the state. The fallout

pattern for this eruption includes most of Oregon and Washington, as

well as parts of Idaho, Montana, Nevada, Alberta, and British Colum-

bia (Fryxell, 1965).

Investigations of the clay mineralogy and physico-chemical

properties of soils developed in the Mazama deposit have been initiated

during the past few years. These studies would be incomplete unless

supplemented b y investigations on the soils in their natural environ-

ment. The importance and complexity of problems are apparent in

the Blue Mountain region of Eastern Oregon. Close to the source,

deposits of coarse pumice (lapilli) blanket the landscape. With

greater distance from Crater Lake, there is a marked tendency for

the ash to be thin or absent on south and west facing slopes and to be

present on east and north facing slopes. Thickness often increases
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downslope. Patterns of discrete soil bodies developed in volcanic

ash are commonly found interspersed with shallow, non-ash soil

bodies. The ash soils usually have moderately thick vegetative cover

while vegetation is more open on the non-ash soils. Variations in

particle size and mineralogical composition due to sorting over dis-

tance also occur within the deposit. Knowledge of the amounts and

patterns of initial deposition, subsequent movement, degree of mixing,

and mineralogical composition are required for proper interpretation

of morphology and genesis of soils developed from the Mazama de-

posit. This information, particularly for the fine ash deposits, was

not available. It was with these aspects in mind that the present

investigations were initiated.

The following objectives were established for the present study:

(1) Determine the original pattern of deposition and thickness

of ash in the Ochoco and Blue Mountain areas of Oregon.

(2) Determine if discontinuities exist in the parent material

of these soils.

(3) Determine the degree of mixing of ash with other materials

and evaluate reworking or stability of volcanic ash bodies

over the landscape since deposition.

(4) Evaluate changes due to weathering and genesis of soils

developed from Mazama ash.
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LITERATURE REVIEW

Williams (1942) has made the most detailed study of pyroclastic

materials from Mazama in central Oregon. "He reconstructed the

events leading to the formation of Crater Lake and the following

review is taken from his monograph (Tidball, 1965). "

Mount Mazama probably began to develop during
Pleistocene times. It achieved its full height of about
12000 feet (6000-7000 feet above surrounding base)
almost solely by eruption of hypersthene andesite, prob-
ably from several centrally-located vents. The centers
of activity later moved to a northern arc of vents, approxi-
mately along the present northern wall of Crater Lake.
These younger vents were feeders to andesite and glassy
dacite flows. At about the same time, numerous basaltic
scoria cones were formed along the flanks and around the
base of Mount Mazama.

... Following the eruptive activity of the northern arc
of vents, the glaciers retreated to the upper part of the
volcano. . . .

A prolonged quiet period ensued during which crys-
tallization progressed and gas pressures increased.
The culminating explosions were high-pressure, gas-
rich vulcanian eruptions that hurled finely divided
pumice high into the air to fall like snow over a vast
area. Then as deeper gas-charged layers in the chamber
were tapped, the pumice showers were followed by
glowing avalanches of pumice (Tidball, 1965).

Williams (1942) estimated the age of the pumice material at

about 5000 years on the basis of geological evidence. Hansen (1947)

estimated the age at about 7000 years on the basis of pollen studies

and vegetative sequences. On the basis of subsequent radiocarbon

dating, an age of 6400-6600 years is generally accepted (Arnold and
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Libby, 1951; Libby, 1955; Rubin and Alexander, 1960).

Williams (1942) made a map of the distribution and thickness of

Crater Lake pumice. The thickness map indicates two directional

lobes, east and northeast from Crater Lake, in which pumice was

deposited. He explained the pumice distribution on the basis of wind

direction, "At first the winds blew toward the east, but as the explo-

sions increased in violence the winds veered toward the northeast."

He indicated that, except for some minor variations, the thickness of

the pumice fall on the land surface is uniform, and the thickness of

the deposit decreases with distance from Crater Lake. He observed

pumice deposits about one foot thick approximately 70 miles north-

east of Crater Lake. Williams stated that the volume of ash fall

beyond his six inch isopachyte is very insignificant. He calculated

the total volume of air fall pumice as three and a half cubic miles

and pumice flow as six to eight cubic miles, using his thickness and

distribution map.

The pumice from Mazama is classified as dacite (Williams,

1942). The chemical analysis for the dacite lump pumice is given

in Table 1. Similar chemical analyses figures for Mazama pumice is

reported by Powers and Wilcox (1965), Czamanske and Porter (1965),

and Smith and Westgate (1969) who used these data to correlate dif-

ferent ash deposits.
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Table 1. Chemical Composition of Mazama Dacite
Lump Pumice. (After Williams, 1942)

Oxide Percent

SiO
2

68. 56

A1203 14. 22

Fe2O3 1.42

FeO 1.49

CaO 2. 35

K2O 2.47

TiO2 O. 58

Williams characterized the deposits as containing glass, plagio-

clases (labradorite to oligoclase), hypersthene, with smaller amounts

of augite and hornblende. This has been substantiated by Crandell

et al. (1962), Powers and Wilcox (1964), Wilcox (1965), and

Westgate and Dreimanis (1967) who used these mineral suites to cor-

relate the Mazama ash over a wide area. There is a large propor-

tion of siliceous glass as compared to total volume of crystals. The

volume percentage of crystals in the coarse pumice area varies

from 1 to 40. However, it should be mentioned that variation in per-

centage of crystals at a given distance from the source is not great.

In the fine ash areas the volume percentage of crystals decreases

while glass percentage increases with distance from Crater Lake
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(Borchardt, 1970).

One of the characteristics of the Mazama deposits in central

Oregon is the occurrence of coarser particles over finer ones.

Williams recognized this feature of the deposit and stated that, in

general, at any given locality the pumice becomes coarser from the

bottom upward. He interpreted this as evidence for increasing vio-

lence of the Mazama eruptions. It is not clear from his report

whether or not he recognized a sharp boundary between coarser and

finer particles. A sharp boundary was recognized by Youngberg and

Dyrness (1964) and Chichester (1967). They described profiles with

Cl and C2 horizon sequence to indicate the particle size discontinuity. The

implications of coarser over finer particles are not entirely clear.

Doak (1969) compared particle size and pore size distribution of

coarse Mazama pumice with Newberry. His data are consistant with

the view that the Mazama deposits are laid down with two levels of

violence. However, Borchardt (1970) did not find any difference in

chemical composition of lumps from the Cl and C2 sequence at the

Huckleberry Springs site.

Detailed information on distribution and thickness of finer

Mazama ash at greater distances from the source is not available.

Many correlation studies on various ash deposits using refractive

index (Steen and Fryxell, 1965), TiO
2

content (Czamanske and Porter,

1965), petrographic and chemical data (Powers and Wilcox, 1964;
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Westgate and Dreimanis, 1967),elemental composition from electron

probe analysis (Smith and Westgate, 1969), and trace elemental compo-

sition by neutron activation analysis (Borchardt, 1970) have been

completed in recent years. On the basis of these studies the inferred

continental distribution of Mazama ash is given in Figure 1.

The weathering studies of volcanic ash and pumice materials on

deposits other than Mazama suggest the following weathering sequence

of ash constituents (order of stability): volcanic glass < feldspars <

hypersthene-augite < hornblende < magnetite (Hay, 1959, 1960;

Aomine and Wada, 1962). The sequence of clay mineral formation in

soils from volcanic ash and pumice under well drained conditions is

reported as volcanic glass allophane halloysite kaolinite

while under poorly drained conditions the sequence is volcanic glass

allophane smectite (Kanno, 1962; Fie ldes, 1955). On the basis

of the above studies, volcanic glass is expected to weather first.

Very little has been done on weathering of volcanic ash and

pumice from Mount Mazama. Chichester (1967) studied a sequence

of soils across a climatic transect in the coarse Mazama pumice

deposit. He observed the occurrence of a complex suite of 2:1 type

phyllosilicates. It was postulated that these minerals resulted from

the influence of alternate wet and dry climate and/or the influence of

the poorly drained microenvironment of the internal pores of pumice

particles.
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The percentage of clay in Mazama deposits is very low and most

of it is amorphous (Tidball, 1965; Chichester, 1967; Borchardt, 1970).

Tidball (1965) reported the occurrence of 1:1 type phyllosilicates but

this was not observed in the studies by Chichester (1967). Tidball

also reported that the development of soil as a medium for plant

growth is fairly rapid but the development from the standpoint of

weathering is very slow.
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DESCRIPTION OF THE STUDY AREAS

The initial ash deposit must have blanketed the landscape with

thickness dependent on wind and rainfall. It is presently continuous

close to the source but at greater distances ash is generally absent

on south slopes. Alluvial and colluvial ash fans are found along

streams and in canyons. The Mazama ash in the Astoria fan (Nelson

et al., 1968) presumably came down the Columbia River. Apparently

considerable erosion, movement, and redeposition of ash has taken

place. Most of the volcanic ash soils in eastern Oregon are found on

northern and eastern slopes in forested terrain. Forest vegetation on

non-ash soils is generally sparse while it is usually moderately thick

on ash soils. Vegetation and soil boundaries run parallel to each

other in an individual body, with the vegetation boundary extending a

few meters into non-ash soils. Some of the soil vegetation relation-

ships are shown in Figure 2.

Discrete soil bodies developed from volcanic ash are inter-

spersed with non-ash soil bodies. Because ash bodies are in patches,

they form ideal material for studies of mixing and movement following depo-

sition and are the basis for estimates of the original thickness of the

ash. For these reasons three different geographic areas, Ochoco

Butte, Day Creek, and Tollgate, were selected for study (Figure 3).

Broad ridge tops in each study area were selected so as to minimize
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downslope thickening and mixing of ash bodies. Data of Borchardt

(1970) on chemical composition of glass from C horizons confirm the

presence of Mazama ash at these sites which sets the age of parent

material to be about 6600 years.

A brief description of the climate and vegetation1/ of these

sites is given below. Since no records of climatological data of par-

ticular sampling areas are available, the nearest weather stations

were used as representative of study sites.

Ochoco Butte Area

The main study area in the Ochocos is located in Wheeler

County, Oregon, Sec. 11, T. 13S., R. 20 E. with an elevation of

about 5760 feet. The summers are warm and dry and winters wet and

cold (Table 2). A significant part of precipitation is in the form of

snow.

In the Ochoco Butte area shallow, non-ash scabland soils have

few scattered ponderosa pine (Pinus ponderosa Laws. ) and main less-

er vegetation of fescue (Festuca spp.) and American vetch (Vicia

americana Muhl. ex Willd. ) (Figure 2b). Deep ash soils have dense

cover of grand fir (Abies grandis (Dougl. ) Lindl. ), Douglas-fir

1 /AppreciationAppreciation is expressed to Dr. C T. Youngberg and Mr.
W. Scott, Oregon State University Department of Soils for assistance
in description of vegetation at study sites.
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(Pseudotsuga menziessii (Mirb. ) Franco), and a few ponderosa pine

(Pinus ponderosa Laws. ). The lesser vegetation in these soils con-

sists of western yarrow (Achillea millefolium L.), western needle-

grass (Stipa occidentalis Thurb. ), western hawkweed (Hieracium

albertinum Farr), pinegrass (Calamagrostis rubescens Buckl. ),

elk sedge (Carex geyeri Boott), tailcup lupine (Lupinus caudatus

Kell.), and one sided wintergreen (Pyrola secunda L. ).

Table 2. Climatological Data at Ochoco Butte Ranger Station, Elevation 3979'. (After
Johnsgard, 1963, page 34)

Calendar
Period

Temperature Data
F

Precipitation and Water
Balance Data - Inches

Ave
Max

Ave
Min Ave

Ave
ppt.

Surplus
ppt, -PEa

Deficit
PEa-ppt.

Jan. 33.4 13.5 23..5 2. 1 2, 1
Feb. 39, 5 19. 5 29.5 1. 9 1. 9
Mar. 46.6 22.9 34.8 1.6 1.0
April 56, 7 27.6 42.2 1, 4 0, 1
May 65.2 33,1 49, 1 1.6 1. 1
June 70.5 37,0 53. 8 1. 9 1.6
July 82.3 41,6 61.9 0.6 4.1
Aug. 81,2 39.4 60.3 0.5 3.5
Sept. 75.2 35.9 55, 5 0. 8 2.0
Oct. 61.5 31.3 46.3 1.8 0.1
Nov. 44.2 24.3 34.3 2. 4 2.2
Dec, 36.8 19. 7 28.2 2. 7 2, 7

Annual 57. 8 28. 8 43. 3 19. 3 10. 1 12. 3

Record 15 years 15 years 15 years 1936-52
Period

a Average potential evapotranspiration,
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Day Creek Area

The Day Creek study area was in the Blue Mountains and is

located in Grant County, Oregon, Sec. 24, T. 11 S., R. 30 E. with

an elevation of about 5840 feet. The summers are warm and dry and

winters wet and cold (Table 3). A significant part of the precipitation

is in the form of snow.

Table 3. Climatological Data at Beech Creek, Elevation 4710'. (After Johnsgard, 1963, page 47)

Temperature Data Precipitation and Water
of Balance Data - Inches

Calendar Ave Ave Ave Surplus Deficit
Period Max Min Ave ppt, ppt. -PEa PEa-ppt.

Jan.
Feb.
Mar.
April
May
June

July

36.6
40, 8
46.7
54, 7
61.4
67.0
79.4

18.4
21.8
25.3
30. 9
35.4
38.9
44.9

27, 6
31.3
36.0
42. 8
48.4
53, 0
62. 1

1.9
1. 7
1. 5
1. 5
2.0
2.3
0.6

1. 9
1. 7

0.9
0. 2
0.7
0.8
3.7

Aug. 79.8 42. 8 61.3 0. 5 3. 5
Sept. 72, 1 38. 7 55, 4 0. 9 1.9
Oct. 61.2 33.9 47.5 1.6 0, 1
Nov. 44, 4 27, 2 35.8 1, 9 0. 4
Dec. 38. 1 22.7 30.4 2.3 2. 3

Annual 56.9 31. 7 44, 3 18. 7 7, 2 10.9

Record 8 years 8 years 8 years 1931-49
Period

a
Average potential evapotranspiration

The deep ash soils at the Day Creek area have dense cover of

grand fir (Abies grandis (Dougl. ) Lindl.), ponderosa pine (Pinus

ponderosa Laws.), and lodgepole pine (Pinus contorta Dougl.). The

lesser vegetation consists of elk sedge (Carex geyeri Boott),
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pinegrass (Calamagrostis rubescens Buckl. ), tailcup lupine (Lupinus

caudatus Kell. ), western yarrow (Achillea millefolium L. ), and one-

sided wintergreen (Pyrola secunda L.).

Tollgate Area

The Tollgate study area was also in the Blue Mountain region.

It is located in Umatilla County, Oregon, Sec. 11, T. 3 N., R. 37

E. (Dick Spring), and Sec. 29, T. 4 N., R. 37 E. (Meadwood) with

elevations of about 4500 feet and 3900 feet, respectively. The sum-

mers are warm and dry and winters wet and cold (Table 4). A sig-

nificant part of precipitation is in the form of snow.

Table 4. Climatological Data at Meacham WBAP, Elevation 3689-4050° (After Johnsgard,
1963, page 108).

Calendar
Period

Temperature Data
of

Precipitation and Water
Balance Data - Inches

Ave
Max

Ave
Min Ave

Ave
ppt,

Surplus
ppt. -PEa

Deficit
PEa-ppt.

Jan. 32, 0 17. 7 24.9 4.3 4.3
Feb. 36.2 21.8 29.0 4.3 4.3
Mar. 41.9 26.0 34.0 4.4 4. 1
April 50.9 31.2 41.1 2.9 1. 5
May 58.8 37.1 48.0 2.4 0.1
June 65.6 42. 5 54. 1 2. 6 0. 9

July 77.3 49.0 63.2 O. 5 4.2
Aug. 76.2 49.0 62.6 0.4 4.0
Sept. 67.6 43.7 55. 7 1. 5 1.3
Oct. 55.5 35, 5 45. 5 2.9 1.2
Nov. 42.4 27.4 34.9 4.2 3.7
Dec. 35.1 23.1 29.1 4.3 4.3

Annual 53.3 33.7 43.5 34, 7 23. 5 10.4

Record 1921- 1921- 1921- 1921 -

Period 50 ? 50 ? 50 50

a
Average potential evapotranspiration.
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The deep ash soils at the Tollgate area have main tree cover

of grand fir (Abies grandis (Dougl.) Lindl.), western larch (Larix

occidentalis Nutt. ), and engelmann spruce (Picea engelmanii (Parry)

Engelm.). The lesser vegetation in this area consists of common

snowberry (Symphoricarpos albus (L.) Blake), big huckleberry

(Vaccinium membranaceum Dougl. ex Hook. ), one-sided wintergreen

(Pyrola secunda L. ), western prince's pine (Chimaphila umbellata

var. occidentalis Blake), saskatoon serviceberry (Amelanchier

alnifolia Nutt. ), Oregon anemone (Anemone oregana Gray), and queen-

cup beadlily (Clintonia uniflora (Schult. ) Kunth).
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METHODS AND MATERIALS

Field Procedures

Reconnaissance survey of the Ochoco and Blue Mountain study

areas was done using topographic maps and aerial photographs coupled

with field observations. Soil boundaries in the Ochoco Butte and Day

Creek areas were determined and plotted on aerial photographs.

Thicknesses of volcanic ash to buried non-ash soil in each area were

measured. On the basis of these preliminary observations profile

sites in both ash and non-ash soils were selected for studies of mix-

ing and weathering. Morphologic descriptions of profile and transect

samples were made (Appendix I). The classification of the soil profiles

sampled in the three study areas is given in Table 5. Samples were

initially taken by soil horizons. Some differences in composition

between Cl and C2 horizons of ash profiles were apparent (see Results

section) which could be due to either weathering effects with depth

or to profile discontinuities. In order to clarify the question several

of the profiles were resampled on the basis of depth increments

(every four to ten centimeters). Color and texture of these samples

were also determined (Appendix II).



Table 5. Classification of the Soil Profiles Sampled in the Three Study Areas.
Tentative Classification

Profile Designation Family Subgroup

South Ochoco Butte

Ochoco Butte: site (C4)

Ochoco Butte: site (T1)

Ochoco Butte: site (F1)

North Ochoco Butte

Day Creek: site (B2)

Day Creek: site (B3)

Day Creek: site (C2)

Meadowwood

Dick Springs

Ochoco Butte Area

SOB ashy over loamy, mixed, frigid Mollic Vitrandepts

OB (C4) ashy over loamy, mixed, frigid Typic Vitrandepts

OB (T1) coarse-loamy, mixed, frigid Entic Haploxerolls

OB (F1) ashy over loamy, mixed, frigid Typic Vitrandepts

NOB ashy over loamy, mixed, frigid Typic Vitrandepts

Day Creek Area

DC (B2) coarse-loamy, mixed, frigid Typic Xerochrepts

DC (B3) ashy over loamy, mixed, frigid Typic Vitrandepts

DC (C2) ashy over loamy, mixed, frigid Typic Vitrandepts

Tollgate Area

MW ashy over loamy, mixed, frigid Mollic Vitrandepts

DS ashy over loamy, mixed, frigid Typic Vitrandepts



Laboratory Analysis

Particle Size Analysis

20

Soil samples were air dried and passed through a 2 mm sieve.

Material > 2 mm was washed, oven dried, weighed and reported as

percentage rock fragments in whole soil. Very small percentages of

this consisted of accretionary lapilli.

Mechanical analysis of <2 mm soil was done using the method of

Kilmer and Alexander (1949). Organic matter was removed by diges-

tion with 30 percent hydrogen peroxide,- Salts were removed by

repeated shaking of organic matter-free soil with distilled water and

filtration using short Pasteur-Chamberlain filter of "F" fineness with

the aid of a vacuum. Sodium hexametaphosphate was used as a dis-

persing agent. The samples were air jetted at 25 lbs. /sq. inch (Chu

and Davidson, 1953) and then wet sieved using a 0.05 mm (300 mesh)

sieve. The 0.02 to 0.002 mm and <0.002 mm size fractions were

determined by the pipette method. The 2 to 0.05 mm fraction was

further fractionated into different size separates using appropriate

sieves. The results on <2 mm soil are reported as percentages of

oven dry soil on organic matter and salt free basis.

Petrographic Analysis

After the pipetting for mechanical analysis was completed, all
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material <0.05 mm was used to separate coarse silt (0.05 to 0.02 mm)

by sedimentation (Jackson, 1956, p. 125-126).

Subsamples of 500.600 grains of coarse silt were obtained by

coning and quartering. Eight to ten drops of Permount® were placed

on petrographic slides. The subsamples were spread evenly in the

Permount® and covered with cover slips. The specimens were then

cured for seven days at room temperature followed by seven days of

curing in an oven at 75° C. This method prevented the formation of

small air bubbles on the slides.

Grain counts were made under a petrographic microscope with

a mechanical stage to make line traverses. Ten traverses were

selected by tables of random numbers. Thirty grains per traverse

were counted in each slide. As a balance between accuracy and time

involved in making counts, it is generally accepted that counts should

be restricted to between 300-1000 grains per sample (e.g., Krumbein

and Pettijohn, 1938; Carroll, 1938, 1957; Milner, 1962). To obtain

reasonably representative counting, only grains that passed on dead

centers under the cross-hair along a lateral line were counted. The

results are reported as percentages of minerals in the coarse silt

fraction.

2szrayspsstLy_.os cop

Chemical compositions were determined by x-ray spectrographic
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techniques in order to evaluate effects of weathering and profile dis-

continuities. Success of x-ray spectrographic analysis of soil mater-

ials depends upon a good method of sample preparation. A method by

Baird (1961) that uses a die to produce a Bakelite encased pellet for

powder samples with some modifications by Borchardt and Theisen

(1968) (listed below) was used.

(1) Soil samples <2 mm are ground to <53 [.i.

(2) Pressure of 24000 psi is applied to the die in a press. The

pressure is released till it reaches 5000 psi and the die is

heated to 110o C. The die is allowed to cool, the pressure

released, and then the pellet is removed.

(3) The samples in pellet form are sprayed with a clear acrylic
/base paint-2 to avoid cracking of pellet surface.

Specimens were counted using a Philips vacuum x-ray spectro-

graph equipped with chromium target, pulse height discriminator,

flow proportional counter scintillation counter, EDDT crystal, and

a LiF crystal. A summary of x-ray spectrographic analytical con-

ditions is given in Appendix IILA.

Standard curves for Si, Al, Ca, K, Ti, and Fe were prepared

using published data on chemical analysis of U. S. Geological Survey

rocks G-2, GSP- 1 , ACV-1, PCC - 1 , DTS- 1 and BCR - 1 (Flanagan,

2/Sherwin Williams Excel lo Fast Dry Spray Enamel Decorator.
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1967); and W-1 (Fairbairn et al., 1951); and U.S. Bureau of Standards

NBS-76, and NBS-97 (U.S. Bureau of Standards, 1927, 1931). Per-

centage of element was plotted against Cts X
Cts S (counts/unit time in

unknown divided by counts /unit time in standard) (Figures 22 to 27).

The correlation coefficient (ratio of counts vs. chemical abundance)

was greater than +0. 99 for each of the curves.

The reproducibility of the method was checked by preparing

pellets from two different subsamples of depth increment samples of

the DC (C2) profile. The results are given in Appendix III C. The

percentage difference between duplicates of 0.23, 1.1, 0.66, 0.81,

and 1.44 was found for Si, Al, Ca, K, and Ti respectively. Hence,

the method as used in this study is very precise and gives reproducible

results.
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RESULTS

For convenience the results section is subdivided into four dif-

ferent subsections: thickness of ash, particle size distribution,

chemical composition of <2 mm soil, and coarse-silt mineralogy.

Representative data of different determinations are reported for illus-

trative purposes in these subsections and the rest are given in appen-

dices. Some of the field observations and calculations from the above

data are discussed in appropriate discussion subsections.

Thickness of Ash

In each of the three study areas the ash and non-ash soil boun-

dary parallels the vegetation boundary, with the latter extending a few

meters into non-ash soil. The boundary between ash and non-ash soils

is very abrupt (one to three meters). There seems to be an apparent

thickening of ash around the edges, especially in the southwest part

of the ash bodies (Figures 4 and 5). The thickness in the centers of

the ash bodies tends to be relatively uniform. The ash bodies in the

Ochoco Butte and Day Creek areas (Figures 4 and 5) are almost on

ridge tops with a general 2 to 6% southeast slope.

In order to ascertain the uniformity of ash thickness in the

Tollgate area, a number of locations were examined. Though the

locations (Dick Springs, Figure 6; Coyote Ridge, Figure 7; Table
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Figure 4, Ash Thickness ( cm) at the Ochoco Butte Sampling
Area, Wheeler County, Oregon. Elevation about
5760 feet, and 2 to 6% SE general slope.



60

35

A62
70

A 53

N-4 75 40
72 A 45

63
70AA UU 48

C 8 58

48 A
60 43

45

A

F. S. mad 1130

A
43

so A
95 A
A

53

A

60

A 45

A50

A
63

A
SS

xs
A

60

A

I30 meters

45

50

A

45

A

26

Figure 5. Ash thickness ( cm) at the Day Creek Sampling Area,
Grant County, Oregon. Elevation about 5840 feet,
and G to 4% SE General Slope.
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1 km

Figure 6. Ash Thickness ( cm) at the Dick Springs, Tollgate Area,
Umatilla County, Oregon.
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Figure 7. Ash Thickness (cm) at the Coyote Ridge, Tollgate Area,
Umatilla County, Oregon, Sec. 7, T. 3N., R. 38E.
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Glade, Figure 28; Target Meadows, Figure 29; and Woodward Creek,

Figure 30) are confined to ridge tops; they are on a variety of slopes.

The thickness measurements indicate that ash bodies in the Tollgate

area are more uniform and thicker than ash bodies in the Ochoco

Butte and Day Creek areas.

Particle Size Distribution

Analysis of samples obtained along transects of the Ochoco

Butte and Day Creek areas show that clay and rock fragments de-

crease going from non-ash to ash bodies (Tables 6 and 7). The per-

centage in non-ash soils are comparable to buried non-ash horizons

and are much higher than ash profiles (Tables 6 to 8). In general,

contents of clay and rock fragments decrease with depth in ash pro-

files, with the minimum in the C2 horizons. The highest percentage

of rock fragments among ash profiles was observed in the OB (C4)

profile, although this was still considerably less than the non-ash

profiles. The clay contents are very low in ash profiles and high in

non-ash profiles. The clay contents are higher in ash profiles of the

Tollgate area than either the Ochoco Butte or Day Creek areas.

The particle size distribution curves for the profile in the

Ochoco Butte area illustrate the smaller particle size of the lower

C2 horizon (Figure 8). The curves for A, AC, and Cl are practically

the same and represent coarser textures than the C2 horizon. The



Table 6. Distribution of Clay and Rock Fragments in Profiles of Ochoco Butte Area

Sample Depth % Clay

% Rock Frag-
ments Washed,

Oven Dried,
No, Horizon (in cm. ) < 2 Wt. Basis Remarks

OB(T7)1 Skeletal soil, 14 meters from ash body
OB(Tl)9 Al 0-20 9.32 20.85 Non ash, deep profile, 1.5 meters from

ash body
OB(T1)10 AC 20-30 9.27 14.42

OB(T1)11 C 30-67 6. 89 10.36

OB(C4)6

OB(C4)7

Al

AC

0-.15

15-42

3.44
3.17

5.28
2.94

Ash profile
fl

OB(F1)12 Al 0-22 4.15 1.02 Ash profile
OB(F1)13 AC 22-32 1.07 0.61 I I

OB(F1)14 Cl 32-70 1.15 0.07
OB(F1)15 "Cl or 70-90 1.57 0.02

C2"

OB(F1)16 C2 90-110 2.19 0.02 I I

OB(F1)17 IIBb 110-120+ 17.48 8.94 Buried soil



Table 6. (continued)

Sample
No. Horizon

Depth
(in cm. )

% Clay
< 2

% Rock Frag-
ments Washed,

Oven Dried
Wt. Basis

NOB18 Al 0-15 1.25 1.13 Ash profile

NOB19 AC 15-60 1.27 1.12

NOB20 Cl 60-75 1.24 1.19

NOB21 C2 75-90 2.15 0.00 It

SOB1 Al 0-18 2.72 0.86 Ash profile

SOB2 AC 18-45 2.64 1.41

SOB3 Cl 45-68 1.49 0.76

SOB4 C2 68-86 1.69 0.03 It

SOB5 IIBb 86-95 15.61 10.97 Buried soil

Remarks



Table 7. Distribution of Clay and Rock Fragments in Profiles of Day Creek Area

Sample Depth % Clay

% Rock Frag-
ments Washed,
Oven Dried,

No. Horizon (in cm. ) < 21.1 Wt. Basis Remarks
DC(B1)31 A 0-15 14.31 29.24 Non-ash, shallow, loamy skeletal,

12 meters from ash body
DC(B2)32 Al 0-13 10.49 21.29 Non-ash, deep, profile, 1.5 meters

from ash body
DC(B2)33 A3 13.32 12.66 18.15

DC(B2)34 32-47 11.63 20.27
DC(B2)35 IIBb 47-57 18.32 21.83 I

DC(B3)36 Al 0-12 4.49 3.98 Ash profile
DC(B3)37 AC 12-30 3.99 2.73
DC(B3)38 Cl 30-45 2.64 0.40
DC(B3)39 C2 45-62 1.45 0.00

DC(C2)41 Al 0-25 4.11 2.97 Ash profile
DC(C2)42 AC 25-45 3.39 2.78
DC(C2)43 45-60 1.85 0.93 I

DC(C2)44 C2 60-72 1.47 0.18 9

DC(C2)45 IIBb 72 18.87 9.47 Buried soil



Table 8 . Distribution of Clay and Rock Fragments in Profiles of Tollgate Area

Sample Depth % Clay

crio Rock Frag-
ments Washed,
Oven Dried,

No. Horizon (in cm. 12aWt. Basis Remarks
MW46 Al 0-10 9.18 0.36 Ash profile
MW47 Al2 10-30 5.45 0.41

MW48 AC 30-38 3.81 0.21

MW49 CI 38-50 2.98 0.10 I

MW50 C2 50-65 2.13 0.00
MW51 LIB b 65-170+ 8.34 0.11 Buried soil from loess

DS52 Al 0-22 5.15 1.16 Ash profile
DS53

DS54

AC

C

22-50

50-68

4.28
1.11

0.69
0.04

It

it

DS55 I LB b 68-90+ 12.65 5.37 Buried soil
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A, AC, and Cl horizons also appear to be better sorted than the C2

horizon. These data are typical of the Ochoco Butte area whenever

a C2 is present (Figure 9). On the basis of field morphology it was

difficult to designate the layer 70-90 cm deep, as either Cl horizon

or. C2 horizon because of its mixed nature. The designation "Cl or

C2" was given to this particular horizon to indicate its mixed nature

(Figure 8). This horizon is intermediate in particle size distribution

to Cl and C2 horizons which verifies the field observation that the

"Cl or C2 horizon" is a mixed horizon. The same relationship

between Cl and C2 horizons exists for profiles in the Day Creek area,

i.e. , the Cl horizons are coarser than C2 horizons (Figure 10). How-

ever, the difference in particle size of Cl and C2 horizons decreased

with greater distances from the source. The decrease in particle

size of the Cl horizon over distance is more than that of the C2. The

A AC, and Cl horizons of some of the other profiles (SOB, NOB,

DC(B3), and DC(C2))of Ochoco Butte and Day Creek areas also have

coarser textures than C2 (Figures 32 to 35).

There is little difference in the particle sizes of A, AC, and

Cl horizons as compared to C2 of MW profile, Tollgate area (Figure

11). However, it should be pointed out that the lower layer (C2) is

missing in most of the places in all three study areas. It is pre-.

served in some spots and either lost by mixing or movement in others,

or the difference in size of Cl and C2 (especially in Tollgate area)
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is small, which makes it difficult to recognize the C2.

Chemical Composition of <2 mm Ash Soil

The contents of Si and K tend to increase whereas Al, Ca, Ti,

and Fe tend to decrease with depth (Tables 9 to 11). Samples from

A, AC, and Cl horizons in individual profiles have lower contents of

Si and K but higher contents of Al, Ca, Ti and Fe than C2 horizons.

A, AC, and Cl horizons in a given profile thus are similar in their

chemical composition and these differ from C2 horizons. There is

no C2 horizon in the Dick Springs (Tollgate area) profile but its C

horizon is similar in elemental composition to C2 horizons of other

profiles and it is different from the A and AC horizons.

The chemical composition of profiles showed a tendency of

abrupt change from Cl to C2 horizons. Since the sampling increments

were large it was not possible to determine whether these changes

are due to weathering or to profile discontinuities. Therefore,

several profiles (OB(Fl), NOB, DC(C2), and MW) were resampled

at intervals of four to ten centimeters to provide points within each

of the horizons. Gradual changes would indicate weathering effects

whereas a sharp change across a boundary would suggest a discon-

tinuity (different material).

In general, the contents of Si and K increase while Al, Ca, and

Ti decrease with depth (Figures 12 to 15). However, some of the



Table 9. Total Chemical Compositions for < 2mrn Fractions from Ash Profiles in the Ochoco Butte Area.

Sample No. Horizon Depth in cm. %Si %Al %Ca %K %Ti %Fe

SOB1 Al 0-18 26.63 9.23 3.01 1.11 0.52 4.21
SOB2 AC 18-45 26,54 9.40 3.02 1.07 0.53 4.30
SOB3 Cl 45-68 26.67 9.19 2.98 1.16 0.50 4.01
S0134 C2 68-86 28.00 8.69 2,13 1,51 0.44 3.28

OB(F1)12 Al 0-22 26.04 9,41 3.44 0.90 0.55 4.64
OB(F1 )13 AC 22-32 25.80 9.43 3.58 0.86 0.56 4.76
OB(F1 )14 Cl 32-70 27.04 9.23 3.32 1.05 0.51 4.17
OB(F1 )15 " Cl or C2 " 70-90 28.05 8.78 2,77 1.35 0.44 3.55
OB(F1)16 C2 90-110 29.17 8.13 1.77 1.72 0.38 2.82

NOB18 Al 0-15 26.01 9,57 3.93 0.85 0.57 4.99
NOB19 AC 15-60 26,18 9.62 3.98 0.84 0.56 4.69
NOB20 Cl 60-75 26.60 9.46 3.90 0,91 0.53 4.49
NOB21 C2 75-90 30.07 7,94 1.62 1.91 0.35 2.52

OB(C4 )6 Al 0-15 25.62 9,42 2.53 1.29 0.61 5.07
08( C4 )7 AC 15-42 25.89 9.37 2,44 1.26 0.60 4.83



Table 10. Total Chemical Compositions for < 2mm Fractions from Ash Profiles in the Day Creek Area.

Sample No. Horizon Depth in cm. %Si %Al %Ca %K %Ti %Fe

DC(B3 )36 Al 0-12 26. 62 9.17 2. 20 1.44 0.55 4.53

DC(B3 )37 AC 12-30 26.76 9.40 2.00 1, 47 0. 55 4.32

DC(B3 )38 Cl 30-4S 27. 51 9.29 1.92 1.52 0.48 3.69

DC(B3)39 C2 45-62 29. 60 8.33 1,39 1, 85 0.38 2.55

DC(C2)41 Al 0-25 26.72 9.40 2.12 1.44 0.57 4.74

DC(C2)42 AC 25-45 27.03 9.49 2, 14 1.43 0.55 4.43

DC(C2)43 Cl 45-60 27.70 9, 02 1, 66 1. 63 0, 45 3.38

DC(C2)44 C2 60-72 29.26 8. 27 1, 31 1.85 0.38 2.59



Table 11. Total Chemical Compositions for < 2 mm Fractions from Ash Profiles in the Tollgate Area.

Sample No. Horizon Depth in cm. %Si %Al %Ca %K %Ti %Fe

MW46 Al 0-10 26.67 7.06 2.02 1.52 0.58 4.34

MW47 Al 2 10-30 27.65 8.49 1.66 1.53 0.56 4.13

MW48 AC 30-38 27.75 8.72 1.54 1.61 0.54 3.90

MW49 Cl 38-50 28.27 8.47 1.42 1.76 0.49 3.48

MW50 C2 50-65 29.62 8.04 1.31 1.93 0.38 2,52

DS52 Al 0-22 26,35 8.77 1.75 1.51 0.61 4.60

DS53 AC 22-50 26,51 9.35 1.64 1.51 0.59 4.42

DS54 C 50-68 28.95 8.41 1.23 1.91 0.37 2.32
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largest differences are between the Cl and C2 horizons (across the

boundary). This is especially true for the two Ochoco Butte profiles

(Figures 12 and 13). The profiles in which the C2 was most pro-

nounced or less mixed were also those which exhibited the largest

differences between the Cl and C2. The differences within the C2

could be associated with banding which is evident in the horizon.

The A, AC, and Cl horizons of OB(F1), NOB, and DC(C2) profiles

are significantly different (at 95% level) from the C2 horizons. This

difference is apparent when calculated t-values in Figures 12 to 14

are compared with tabular to. values of 2.13, 2.26, and 2.31 for

the three profiles. Increases and decreases in elemental contents of

MW (Tollgate area) profile in Cl and "Cl or C2" horizons are in the

same direction as in the other two areas, but the changes are more

gradual (Figure 15). The A, AC, and Cl horizons of the MW profile

are significantly different than the C2 (at the 95% level) horizon in

their Si, K, and Ti contents. Abrupt increases in Si and Al and de-

creases in Ti contents between the topmost two samples of MW pro-

file are apparent. This may be associated with a thin surfacial de-

posit of St. Helens Y ash which occurs stratigraphically above

Mazama ash in this area (Norgren et al. 1970).

Coarse-Silt Mineralogy

All samples from volcanic ash profiles had similar mineral
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suites but differed in percentage composition (Tables 12 to 14). The

coarse silt fraction contained volcanic glass, plagioclase, pyroxene,

hornblende, biotite, phytoliths, magnetite, quartz, iron coated min-

erals, and micro and cryptocrystalline components. Some samples

(OB(C4)6, OB(F1)12, MW47, and MW49) contained zircon in amounts

too small to be recorded. A sponge spicule was found in the OB(C4)6

sample.

The major part of the coarse-silt fraction consists of glass.

In general, total percentage of glass increases with depth. Two

kinds of glass were observed in the samples: (1) yellowish colored

and (2) clear. The proportion of yellowish to clear glass decreases

with depth. Almost all the glass in C2 horizons is clear.

In general, the percentage of all crystalline minerals decreases

with depth. The major part of the crystalline fraction consists of

plagioclase feldspars most of which are very fresh looking, zoned,

and of various shapes. Pyroxene group consists mainly of hypers-

thene. Invariably hypersthene crystals are lath shaped, euhedral and

enclosed in glass. Most of the hornblende is brown in color, lath

shaped, and euhedral. The color of biotite varies from orange to

brown and almost all the crystals are rounded to subrounded in out-

line and weathered. The majority of the plant opal is lath shaped.

Hematite-covered crystals of various minerals were difficult to

identify and hence are categorized as iron-coated minerals. Micro



Table 12. Mineral Composition of Coarse Silt (20-50 4) Fraction of Ash Profiles in Ochoco Butte Area.

Sample
No. Horizon

Depth
cm.

%

Glass

%

Plagio-
clases

%

Pyroxene

%

Horn-
blende

%

Biotite
% Opal

Grass Other

% Iron
Coated

Minerals
Magne-
tite

Micro and
Crypto

Crystalline
Components

SOB1 Al 0-18 57.7 17.0 4.3 2.0 1.7 1.0 1.7 3,0 1.7 10.0
SOB2 AC 18-45 64.7 12.0 6.3 2.7 1.3 0.3 1.0 2.0 1.0 8.0
SOB3 Cl 45-68 71.0 11.7 4.3 0.7 1.0 Trace 1.0 1.7 0.3 8.3
SOB4 C2 68-86 85.0 7.3 2.0 Trace Trace Trace 1.0 0.7 0.3 3.7

OB(Fi)12 Al 0-22 68.3 17.7 2.3 0.3 Trace 1.0 1.0 4.3 1.3 3.7
OB(F1 )13 AC 22-32 73.7 14.3 2.0 1.7 0.7 Trace 0.3 2.0 0.7 4.7
OB(F1 )14 Cl 32-70 78.0 10.7 2.0 1.3 0.7 0.7 0.7 0.7 0.7 4,7
OB(F1)15 "Cl or

C2 " 70-90 81.7 11.7 1.0 0.7 Trace Trace 0.7 0.7 0.7 3.0
OB(F1 )16 C2 90-110 90.7 4.0 0.7 Trace Trace Trace 0.3 1.0 0.3 3.0

NOB18 Al 0-15 65.3 16.3 2.3 1.7 0,3 1.0 0.7 4.3 0.7 4.0
NOB19 AC 15-60 76.0 14.7 2.0 1.0 Trace 0.3 0.7 2.3 0.3 2.7
NOB20 Cl 60-75 70.1 18.2 1.5 1.1 0.4 Trace 0.7 3.6 Trace 4.8
NOB21 C2 75-90 88.3 7.0 2.3 0.3 - 0.3 0.3 1.3

OB(C4 )6 Al 0-15 61.3 24.3 2.0 1.0 0.7 1.3 0.7 5.3 0.3 3,0
OB( C4 )7 AC 15-42 67.0 20.0 1.3 1.3 Trace 0.3 4.3 0.7 5.0



Table 13. Mineral Composition of Coarse Silt (20-501-1) Fraction of Ash Profiles in Day Creek Area.

Micro and
Crypto

Sample
No. Horizon

Depth
cm.

%

Glass
Plagio-
clases

%

Pyroxene
Horn-
blende

%

Biotite
% Opal

Grass Other

% Iron
Coated

Minerals

%

Magne-
tite

Crystalline
Components

DC(B3)36 Al 0-12 66.3 17.0 2.2 - 0.7 1.9 6.7 2.6 2.6

DC(B3 )37 AC 12-30 69.6 17.8 1.9 0.4 0.4 0.4 0.4 5.6 Trace 3.7

DC(B3 )38 C1 30-45 82.2 10.0 1.1 0.4 0.4 0.7 1.5 1.1 2.6

DC(B3)39 C2 45-62 94.4 3.3 0.4 - Trace - Trace 0.4 1.5

DC(C2)41 Al 0-25 64.8 20.7 1.9 0.4 1.9 0.7 0.7 4.1 1.1 3.7

DC(C2)42 AC 25-45 72.2 16.3 1.9 1.1 0.7 0.4 0.7 2.6 0.7 3.3

DC( C2)43 Cl 45-60 87.0 6.3 1.5 0.4 Trace Trace 0.4 1.9 Trace 2.6

DC(C2)44 C2 60-72 93.3 3.7 0.7 Trace Trace Trace 0.7 Trace 1.5



Table 14. Mineral Composition of Coarse Silt (20-50p, ) Fraction of Ash Profiles in Tollgate Area.

Micro and
Crypto

Sample
No. Horizon

Depth
cm.

%

Glass

%

Plagio-
clases

%

Pyroxene

%

Horn-
blende

%

Biotite
% Opal

Grass Other

% Iron
Coated

Minerals
Magne-
tite

Crystalline
Components

MW46 Al 0-10 36.3 37.3 5.7 1.3 3.3 3.0 0.3 4.7 1.0 7.0

MW47 Al2 10-30 60.3 25.0 2.0 1.7 1.0 2.7 0.7 2.7 0.7 3.3

MW48 AC 30-38 66.7 23.3 2.0 0.7 1.0 0.7 0.3 2.0 0.3 3.0

MW49 Cl 38-50 74.0 12.7 5.3 0.3 2.0 Trace 0.7 1.7 Trace 3.0

MW50 C2 50-65 91.0 S.0 1.3 Trace 0.3 0.3 1.0 Trace 0.3 0.7

DS52 Al 0-22 55.3 24.0 4.0 1.3 1.3 1.0 1.7 6.3 0.7 4.3

DS53 AC 22-50 60.0 26.3 2.7 1.3 1.7 1.3 0.3 3.7 0.7 2.0

DS54 C 50-68 94.0 3.0 1.0 0.3 Trace 0.3 0.3 0.3 0.3 0.3
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and crypto crystalline components represent a group of rock frag-

ments in various degrees of devitrification and/or weathering. Some

of the typical minerals and glass are shown in Figure 16.

It is difficult to differentiate individual, silt sized quartz from

plagioclase in volcanic ash soils by microscopic technique because

both have similar refractive indices, interference colors, and shapes.

There is an absence or rarity of twinning in the plagioclases. X-ray

(Cu, K a) diffraction of quartz gives an intense peak at about 26. 70

29. Coarse silt from the ash profiles was ground to about 2p, and

analyzed for the presence of quartz. Quartz is absent in the C2 hori-

zons but present in the upper horizons of all the profiles in Ochoco

Butte and Day Creek areas (Table 15). The C2 horizon of MW profile,

Tollgate area, contains a small quantity of quartz. Based on peak

intensities, there is relatively more quartz in the Tollgate area ash

profiles than the other two areas.
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a

b

Figure 16. Photomicrographs of Grain Mounts Prepared from
Coarse Silt Separated from (a) Al Horizon, Day Creek
Site C2, and (b) AC Horizon, Day Creek Site C2,
Showing Typical Minerals Present.



Table 15. Peak Intensities by X-ray Diffraction for Quartz in Ash Profilesa of Three Different Areas.

Horizon

SOB Profile, Ochoco DC(C2) Profile, Day MW Profile, Tollgate
Butte Area Creek Area Area

Counts/minute Counts/minute Counts/minute

A 10 17 89

Cl 7 10 54

C2 0 0 6

aQuartz peak intensities in representative profiles of three study areas are given. Others are similarto the representative profile.
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DISCUSSION

Thickness of Ash

Williams (1942) estimated both the volume of the ejecta ex-

pelled from eruption of Mazama (71 cu. km) and the volume that was

found on the land surface (27 cu. km). Since 1942 many correlation

studies on volcanic ash deposits in the Pacific Northwest have been

completed. As a result deposits from Mt. Mazama are recognized

in most of Oregon and Washington as well as some parts of Idaho,

Montana, Nevada, Alberta, and British Columbia (Figure 1). On the

basis of new information about the thickness of Mazama deposits,

Williams and Go les (1968) recalculated the volumes and found less

discrepency between the volume expelled (62 cu, km) and the volume

found (42 cu. km ). According to their estimates a thickness of about

15 cm is expected at 92 km and about 7 cm at 300 km.

Williams' (1942) isopachyte map of Mazama coarse pumice

indicates northeast to be the main direction in which pyroclastic

material from Mazama was deposited. However, Williams' and

Goles' (1968) predictions of ash thicknesses are based on a northerly

transect from Crater Lake. Therefore, their thickness figures are

very probably underestimates. The present study areas are in a

northeast direction from Crater Lake. Projection of the northeast
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lobe of Williams' (1942) isopachyte map generally coincides with the

study areas (Ochoco Butte, Day Creek, and Tollgate). Hence, the

thicknesses of ash as determined in this study are expected to be

greater and more representative of Mazama deposits than are

Williams' and Go les' (1968).

It is concluded in the section on "mixing and stability of ash"

that in the study areas the surface of the ash bodies seems to be rela-

tively stable at the present time. Some mixing of paleosolic material

with ash has occurred, although this is not great on a volume basis.

Although small portions of the windward edges of vegetated areas of

the Ochoco Butte and Day Creek areas are overthickened, the ash on

the broad ridge tops in the rest of the study areas is of more or less

uniform thickness (Figures 4 and 5). These data suggest that ob-

served thicknesses at ridge tops of study areas possibly represent

the original thickness of the ash fall.

The mean thickness (cm) of volcanic ash for all locations3/

within the three different areas was calculated (Table 16). The

thicknesses for Ochoco Butte (51 cm) and Day Creek (56.9 cm) are

similar. The mean thickness for the Tollgate area (67 cm) is higher

than for the other two. It is also noted that even though the thickness

3/
D

.ifferent locations with thickness measurements are given
in Figures 4 to 7 and 28 to 30.
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measurements in the Tollgate area were taken at a number of differ-

ent locations and from a variety of slopes, the thicknesses in this

area are more uniform than in the other two areas. However, the

total variation in thickness at any given site is less than I 6. 9 cm.

The Day Creek location was logged one year before this study was

undertaken. For this reason greater variation in thickness at this

location may be due to disturbance of soil during logging.

Table 16. Mean Thickness (cm) of Volcanic Ash for Three Areasa

Distance Mean
from Thickness

Crater Lake Number of of Ash
Area (:km) Observations in cmb

Ochoco Butte 222 31 51.0± 6. 9

Day Creek 304 32 56.91 4.7

Tollgate 445 48 67.0 ± 2.8

aSee Figures 4 to 7 and 27 to 29 for individual observations.
bConfidence interval at 95% level.

It is generally accepted that the thickness of the deposit de-

creases with distance from the source. The thickness in the Tollgate

area is at variance with this concept. Many reasons can be given to

explain this greater thickness. First, the presence of about 9 cm
1.4 (B. D. of ash in bog)(5 cm in bog x ),±/ of St. Helens Y ash is0.8 (B. D. of ash in upland)

inferred from the presence of about 5 cm of this ash at Bald Mountain

4/Basis for bulk density (B. D.) values explained later.
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bog, at Hurricane Creek bog, and at Olinger Meadow, in Tollgate

area (Norgren et al., 1970). Secondly, the Tollgate area may more

closely correspond to the main axis of the northeast lobe of deposition.

A similar variation in thickness with direction has been observed on

other deposits (Larsson, 1937; Rigg and Gould, 1957). Thirdly, rainfall

is higher at Tollgate than at the other areas and accretionary lapilli

is found in the ash of the Tollgate area; it is possible that high percipi-

tation brought down more ash at the time of original ash fall.

Bogs preserve original ash fall layers because of their envi-

ronment (Steen and Fryxell, 1965). The total ash thickness depends

upon the depositional environment. Samples unaffected by wave

action and material washed into the bog best represent the original

thickness and banding of an ash fall. Harward, Norgren, Youngberg,
5/and Thiesen sampled the Simpson Place bog and found 33 cm of

ash. It is thought that this site is relatively unaffected by other

processes (unmixed) because of the presence of preserved bands in

the C2 layer. These bands are similar to bands in the upland C2

layers at U.S. Highway 26 (mile post 56), and in the OB(F1) profile

in the Ochoco Butte area. In the same general area the observed

thicknesses of ash in the bogs are always lower than the correspond-

ing thickness in the uplands. The ash in bogs is more compact and

5/Personal communication. M. E. Harward, J. A. Norgren,
C. T. Youngberg and A.A. Theisen, Department of Soils, Oregon
State University.



59

dense than in the uplands. Part of the difference in thickness of bog

and upland deposits is expected on the basis of difference in bulk

densities. Therefore, the bulk density (B. D.) of Mazama ash sample

from a dried bog monolith from Bald Mountain was determined. It

was found to be 1.4 g/cc. This B. D. value was assumed to repre-

sent the bulk density of all ash from bog samples. A value of 0.8

g/cc was considered representative of the B. D. of upland ash soils.

These bulk density data were used to revise observed bog thicknesses

to equivalent upland thicknesses (Table 17). The dried monolith

thicknesses are less than the field thicknesses of ash in bogs. This

difference probably is due to contraction of the ash after water loss.

A discrepency in the thickness of Mazama ash at uplands (52

cm, Table 16) and in bogs (42 cm, Table 17) remains, even when the

latter are revised using bulk densities. This may indicate the possi-

bility of overthickening at uplands. Nevertheless, revised thick-

nesses of bog and upland deposits are many times greater than pre-

dicted by Williams and Go les (1968). Even if revised bog thicknesses

are used to represent eolian deposit thickness, they still are consid-

erably higher than predicted by Williams and Go les.
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Table 17. Thickness of Mazama Ash in Bogs. a

Location
Field Dried Upland

Descriptions Monolith Equivalentb
(cm) (cm) (cm)

Simpson Place, Ochoco
Butte area 33 27 42

Tollgate Summit,
Tollgate area 35 27c 42

a Sampled by M. E. Harward, J. A. Norgren, and A. A. Theisen,
Soils Department, Oregon State University, Corvallis, Oregon

b 1.4(B. D. of Ash in Bog)Upland equivalent = Dried monolith (cm) x 0.8(B.D. of Ash in Upland)
Lower 8 cm mixed up with organic matter.

Wilcox'-61 visited the study areas in 1969. He observed that the

thickness of the unit called C2 at the study areas may correspond to

the extension of the curve of total thickness near the source. There-

fore, he suggested that the stratigraphic equivalents of the near-

source Cl and C2 units may both be within what in our study areas

has been called C2. In other words, the material in upper horizons

(A, AC, and Cl) in the study areas is of loessal origin and the C2 repre-

sents the original total deposit. This question is illustrated in

Figure 17.

The data presented in this study suggests that the Cl and C2

layers behave as different stratigraphic units. Therefore it may

6/Personal communication. R. E. Wilcox, Geologist, Depart-
ment of Interior, Geological survey, Denver Federal Center, Denver.
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be argued that they represent two different deposits. This is shown

by different rates of changes in particle size (Figure 18) with distance,

the morphology (especially presence of banding and finer textures in

C2) (Figure 20), and the general uniformity in thickness of ash de-

posits on vegetated broad ridge tops (Table 16). This suggests the

absence of major reworking by wind or water in these topographic

positions. The Cl horizons of Ochoco Butte sites have higher per-

centages of 2-1 mm particles than the C2 (Table 18). This suggests

two different materials although it is recognized that these differ-

ences could have resulted also from reworking and sorting. M. J.

Dudas7/ obtained information which bears on this question by analysis

of samples from the highway 26, mile post 56 site. The reasoning

was that if the upper Cl layer contained particles greater than any

in the C2, the Cl layer could not have been derived solely from the

C2. This is illustrated for >2 mm particles which are present in the

Cl and absent in the C2 (Table 19).

The above discussion does not mean that overthickening is

entirely absent in the area. It was pointed out in section "Mixing and

Stability of Ash" that overthickening was observed in southwest por-

tions of the ash bodies. One of these sites (OB(F1) profile) was

visited by Wilcox. Overthickening at this site is attributed to addition

7Personal communication. M. J. Dudas, Department of Soils,
Oregon State University, Corvallis.



Table 18. Particle Size Distribution of Cl and C2 Horizons of Ochoco Butte Area Profiles.

Sample
No. Horizon

Depth
(cm)

VCS
2-1

CS

1 -0.5

Particle size distribution (mm) ( %) Pipette

MS FS VFS C Si
0.5 -0, 25 0, 25-0. 1 0. 1 -0.05 0.05 -0, 02

F Si
0.02 -0, 002

Clay
< 0.002

SOB 3 Cl 45-68 0.30 4.56 14.48 37.08 10.81 9.77 21.51 1.49

SOB 4 C2 68-85 0, 10 1.72 7. 14 28.53 10.51 15.33 34.98 1. 69

OB(F1) 14 Cl 32-70 0.32 5.53 16.95 42.90 10.86 7.62 14.67 1.15

OB(F1) 16 C2 90-110 0.05 0.84 6.06 27.86 8.47 15.37 39. 16 2. 19

NOB 20 C1 60-75 0.69 8, 83 24.04 40.94 9.02 5.73 9.51 1. 29

NOB 21 C2 75-90 0.05 0.96 6.17 24.14 8.29 15.10 43,14 2. 15



Table 19, Particle Size Distribution of Highway 26,Mile Post 56 Profile. (Unpublished data, M. Dudas, Dept. of Soils, Oregon State University)

Sample
No. Horizon

Depth
(cm) > 2, 0 2-1

Particle size distribution (mm) (%) wet sieving

1-0.5 0. 5-0. 25 0. 25-0. 10 0.10 -0, 05 < 0.05

L5 Cl 0-80 0,09 0.79 20.08 38.89 27. 65 5.02 7.48

Ll C2 80-91 0.00 0.35 15.00 33, 62 18.86 0.98 31.18

L2 C2 91-96 0.00 0.00 0.31 15. 23 22. 64 1.93 59.90

L3 C2 96 -97.3 0.00 0, 07 0. 14 14.63 27.49 3.25 54.42

IA C2 97.3-99.3 0.00 0, 00 0.08 1.04 13.05 14.57 71. 26
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of ash from the present now non-ash areas. Thus the present Cl

layer consists of ash moved by wind and/or water plus the original

Cl material. The present topography and total thickness of ash in

the OB(F1) profile suggests that this site initially must have been a

low spot.

Cl-C2 Discontinuity

Volcanic ash deposits provide excellent stratigraphic markers

of quaternary research in many fields. Studies of soil formation

involving volcanic ash parent materials require knowledge of the iden-

tity and characteristics of particular deposits. Chemical and physi-

cal characterization of Cl and C2 materials of Mazama origin would

help in both stratigraphic and genesis studies. Various properties

such as morphology, particle size, mineralogical and chemical

properties can be used to determine the presence of discontinuities

in a profile.

Morphology and Particle Size

Chichester (1967) working in the Mazama coarse pumice area

described Cl and C2 horizons as morphologically different from each

other. The upper layer (C1) and lower layer (C2) are distinctly dif-

ferent in their morphological properties in the Ochoco Butte and Day

Creek areas (Appendix I and II). It is recalled that the particle size
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distribution curves of A, AC, and Cl horizons are similar but these

three horizons are different from the C2 horizons in the Ochoco Butte

and Day Creek areas (Figures 9 and 10). However, the difference

between Cl and C2 is less at Day Creek than at Ochoco Butte. The

particle size distribution curves of Cl and C2 horizons of the three

areas show that the texture of comparable horizons becomes finer

with increasing distance from Crater Lake (Figure 31). This is illus-

trated by calculating the mean weight-diameters (Van Bavel, 1949)

and expressing the values as a function of distance from Crater Lake

(Figure 18). The particle size of both horizons decreases with an

increase in distance. However, the particle size of the Cl decreases

more sharply with distance than does the C2. The ratio of mean

weight-diameters of Cl to C2 at Ochoco Butte (222 km) is 2.2, where-

as at Day Creek (304 km and Tollgate (445 km) the ratios are 1:8

and 1: 3, respectively. Hence, there is a tendency for mean weight-

diameters of Cl and C2 horizons to converge away from the source.

These observations indicate that the Cl and C2 horizons behave as

two different stratigraphic units. This suggests that the layers

represent different showers from Mt. Mazama. Williams (1942)

suggests that Mt. Mazama erupted in a relatively short duration of

time.

It should be pointed out that the C2 is missing in most places

within all the study areas. The absence of the C2 horizon may be
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due to loss by erosion before deposition of the Cl, or due to mixing

of C2 and Cl by movement or by tree throw. It is not possible at this

point to determine which of these predominated although it is possible

that all three could have been involved to various degrees depending

on topography and environment. Nevertheless, it is significant that

the C2 is present in some places and that the Cl and C2 behave differ-

ently stratigraphically. The identification of C2 is extremely difficult

in the Tollgate area. This is probably because of the small difference

in particle size between Cl and C2 but a higher degree of mixing of

C2 could also be a factor.

Chemical Composition

Assuming the parent material to be uniform, differences in

amounts of Si, Al, Fe, Ca, K, and Ti in different pedogenic horizons

in a profile represent kinds and amounts of weathering. However,

parent material of soils developed from volcanic ash many not be

uniform. Differences in regolith can be the result of differential

settling of eolian materials of variable densities or deposition of one

material over another. In such cases, a significant difference in

composition from one horizon to the next may suggest a nonuniform

parent material. The chemical composition of the Cl and C2 hori-

zons indicate the possibility of two different materials (Tables 9 to

11). However, the noted differences are also in the direction expected



69

for effects of weathering. It was hypothesized that gradual changes

in elemental composition over small increments of depth would

represent weathering whereas sharp changes would suggest discon-

tinuities in the parent material.

Analysis of samples taken at four to ten centimeter intervals

show the sharpest changes in contents of Si, Al, Ca, K, and Ti

across the Cl to C2 horizon of the OB(F1), NOB, and DC(C2) pro-

files (Figures 12 to 14). Based on students' t-distribution the A, AC,

and Cl horizons of these profiles are significantly different (at 95%

level) in elemental composition as compared to the C2 horizon (Fig-

ures 12 to 14). Effects of weathering are expected to be greatest in

A and AC horizons. By definition the Cl horizon is selected on the

basis of field morphology to be less weathered. The greatest differences

in composition due to weathering should be between A and AC versus

Cl. However, the data here show that differences between Cl and C2

are greater than between AC and Cl (Figure 19). Hence, it is con-

cluded that the observed differences in elemental distributions of Cl

and C2 horizons are due to the presence of two different layers or

due to wind sorting of one common parent material at the time of

original deposition. These data contrast with those of Borchardt

(1970) for coarse pumice from the Huckleberry Springs site. He did

not find a discontinuity between Cl and C2. However, his data were

basedon,a(composition of crushed lumps of the same particle size
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Horizon
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% Si %A1 % Ca
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Figure 19. Mean Compositions (Confidence Interval at 95% Level) for AC, Cl, and C2 Horizons: Depth Increment Samples
of OB(F1), NOB, and DC(C2) Profiles. The Horizontal Scales Differ for Each Element.
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whereas the data here are for the whole samples < 2 mm in size. The

differences in the two sets of data could be accounted for by differ-

ences in crystal content (Williams, 1942).

The elemental distribution curves for the MW profile, Tollgate

area (Figure 15), are gradual as compared to the other two areas.

However, Si, K, and Ti contents of A, AC, and Cl horizons are still

significantly different (at 95% level) than the "Cl or C2" horizon.

The gradual nature of the curves is explained on the basis of the mixed

nature of C2 in the profile (Appendix II). The sharpness of the dis-

continuities in composition at various sites correlate with field mor-

phology of sharp boundaries and lack of mixing.

Ratios

Ratios of different parameters are effective for illustrating pro-

file discontinuities (Tables 20 to 26). At. the Cl and C2 boundary there

are sharp decreases in the ratios of total sand to total silt, and very

fine sand to coarse silt. There are sharp increases in the ratios of

glass to plagioclase, silica to iron, and potassium to titanium for

samples taken by genetic horizons in the Ochoco Butte and Day Creek

areas. Samples taken by small depth increments for OB(F1), NOB,

and DC(C2) profiles also show sharp increases in ratios of silica to

aluminum and potassium to titanium and sharp decreases in calcium

to potassium at the Cl and C2 boundary (Tables 23 to 25). The



Table 20. Total Sand to Total Silt, Very Fine Sand to Coarse Silt, Glass to Plagioclase, Si to Fe, and K to Ti Ratios for Ash Profiles in Ochoco
Butte Area.

Total Sand VFS Glass Si
Sample No. Horizon Depth in cm. Total Silt C. Silt Plagioclase Fe Ti

SOB1 Al 0-18 1.88 0.95 3.39 6.33 2.13

SOB2 AC 18-45 1.87 1.17 5.39 6.17 2.02

SOB3 Cl 45 -68 2. 15 1.11 6.08 6.65 2, 32

SOB4 C2 68-85 0.95 0, 69 11. 60 8.54 3.43

OB(F1 )12 Al 0-22 4.09 1.83 3.87 5.61 1.64

OB(F1 )13 AC 22,32 3.99 1.70 5. 14 5.42 1.54

OB(F1)14 Cl 32-70 3.43 1.42 7.31 6.48 2.06

OB(F1)15 "Cl or C2" 70-90 1.85 1.02 7.00 7.90 3.07

OB(F1 )16 C2 90-110 0.79 0.55 22.67 10.34 4.53

NOB18 Al 0-15 3.84 1. 17 4.00 5. 21 1.49

NOB19 AC 15-60 4.31 1. 18 5. 18 5.58 1.50

NOB20 Cl 60-75 5.48 1.57 3.84 5. 92 1.72

NOB21 C2 75-90 0.68 0.55 12.62 11.93 5.46



Table 21. Total Sand to Total Silt, Very Fine Sand to Coarse Silt, Glass to Plagioclase, Si to Fe, K to Ti Ratios for Ash Profiles in Day Creek
Area.

Total Sand VFS Glass Si
Sample No. Horizon Depth in cm. Total Silt C. Silt Plagioclase Fe Ti

DC(B3)36 Al 0-12 0,74 1,04 3.89 5.88 2.62

DC(B3 )37 AC 12-30 0.83 0.81 3.92 6.19 2.67

DC(B3)38 Cl 30-45 1.06 0.83 8.22 7.46 3.17

DC(B3)39 C2 45-62 0.39 0.47 28.36 11.61 4.87

DC(C2)41 Al 0-25 0.88 0, 86 3. 12 5.64 2.53

DC(C2)42 AC 25-45 0.91 0.87 4.43 6. 10 2.60

DC( C2)43 45-60 0.68 0.68 13.82 8.20 3.62

DC(C2)44 C2 60-72 0.35 0.46 25. 22 11.30 4.87



Table 22. Total Sand to Total Silt, Very Fine Sand to Coarse Silt, Glass to Plagioclase,
Tollgate Area.

Si to Fe, and K to Ti Ratios for Ash Profiles in

Sample No. Horizon Depth in cm.
Total Sand VFS Glass Si K

TiTotal Silt C. Silt Plagioclase Fe

MW46 Al 0-10 0. 14 0.19 0.97 6.15 2. 62

MW47 Al2 10-30 0.21 0.30 2.41 6.69 2.73

MW48 AC 30-38 0, 18 0.37 2.86 7.12 2, 98

MW49 Cl 38-50 0. 19 0.39 5.84 8. 12 3.59

MW50 C2 50-65 0.26 0.49 18.20 11.75 5.08

DS52 Al 0-22 0.20 0.30 2.31 5.73 2.48

DS53 AC 22 -SO 0.22 0.34 2. 28 6.00 2.56

DS54 C 50-68 0.30 0.62 31.33 12.48 5.16
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Table 23. Ratios of Si to Al, Ca to K, and K to Ti for Depth Incre-
ment Sample s of OB (F1 ) Profile.

Sample No. Horizon Depth
in cm. Si /Al Ca/K K/Ti

OB(F1)64 Al 6-12 2.75 3.49 1.75

OB(F1)65 Al 12-19 2.70 3.58 1.70

OB(F1)66 Al 19-25 2.69 3.85 1.59

OB(F1)67 Al 25-31 2.68 3.45 1.80

OB(F1)68 AC 31-38 2.71 3.40 1.80

OB(F1)69 AC 38-44 2.76 3.37 1.79

OB(F1)70 AC 44-50 2.76 3.27 1.94

OB(F1)71 AC 50-57 2.81 2.80 2.25

OB(F1)72 Cl 57-63 2.92 2.36 2.78

OB(F1)73 Cl 63-69 2.98 2.30 2.80

OB(F1)74 Cl 69-73 3.08 1.95 3.04

OB(Fl)75 Cl 73-78 3.08 1.87 3.11

OB(F1)76 C2 78-80 3.03 1.66 3.41

OB(F1)77 C2 80-85 3.13 1.62 3.50

OB(F1)78 C2 85-91 3.38 1.33 3.90

OB(F1)79 C2 91-99 3.61 0.83 5.16

OB(F1)80 C2 99-104 3.48 0.69 5.11
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Table 24. Ratios of Si to Al, Ca to K, and K to Ti for Depth Incre-
ment Samples of NOB Profile.

Sample No. Horizon Depth
in cm Si /Al Ca/K K/Ti

NOB81 Al 2-12 2.73 4.21 1.56

NOB82 AC 12-22 2.69 4.22 1.55

NOB83 AC 22-32 2.66 4.47 1.50

NOB84 AC 32-42 2.69 4,35 1.68

NOB85 Cl 42-52 2.73 3.96 2.06

NOB86 Cl 52-62 2.77 3.88 2.20

NOB87 Cl 62-67 2.92 3.21 2.52

NOB88 Cl 67-72 2.93 2.72 2.52

NOB89 C2 72-77 3.41 1.43 4.10

NOl390 C2 77-82 3.63 1.08 4.76

NOB91 C2 82-87 3.83 0.65 6.12

Table 25. Ratios of Si to Al, Ca to K, and K to Ti for Depth Incre-
ment Samples of DC(C2) Profile.

Sample No. Horizon Depth
in cm. Si /Al Ca/K K/Ti

DC(C2)92 AC 7-14 2.96 1.48 2.61

DC(C2)93 AC 14-21 2.90 1.48 2.55

DC(C2)94 AC 21-28 2.93 1.45 2.55

DC(C2)95 AC 28-35 2.95 1.38 2.65

DC(C2)96 AC 35-42 2.94 1.42 2.62

DC(C2)97 Cl 42-49 2.92 1.39 2.83

DC(C2)98 C2 49-56 3.14 1,01 3.64

DC(C2)99 C2 56-63 3.39 0.76 4.52

DC(C2)100 C2 63-69 3.52 0.72 5.13

DC(C2)101 C2 69-75 3.62 0.65 5.27
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Table 26. Ratios of Si to Al, Ca to K, and K to Ti for Depth Incre-
ment Samples of MW Profile.

Sample No. Horizon Depth
in cm. Si /Al Ca/K K/Ti

MW102 Al 0-7 3.70 1.40 2.44

MW103 Al 7-14 3.46 1.21 2.75

MW104 AC 14-21 3.27 1.12 2.77

MW105 AC 21-28 3.22 1.11 2.80

MW106 Cl 28-35 3.21 1.05 2.89

MW107 Cl 35-42 3.24 0.99 2.98

MW108 Cl 42-49 3.32 0.88 3.46

MW109 Cl 49-56 3.40 0.84 3.67

MW110 Cl 56-63 3.41 0.84 3.55

MW111 "Cl or 63-69 3.49 0.75 4.30
C2"

MW112 "Cl or 69-75 3.77 0.64 5.58
C2"
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changes for OB(F1) profile are not as sharp as in the other two. This

may be due to some mixing of Cl with C2 (Table 23 and Figure 20).

The ratios of size separates and some elemental ratios of MW profile

samples, Tollgate area, are more gradual than in the other two areas.

However sharp increases in glass to plagioclase, silica to iron, and

potassium to titanium ratios are observed at the boundary of Cl with

the "Cl or C2" horizon (Tables 22 and 26). The gradual nature of

ratios in MW profile as already explained may be due to extr e me

difficulty of recognizing C2 or mixing of C2 with Cl (Appendix II and

Figure 20).

The sharp increases and decreases in ratios across the boundary

of Cl and C2 hoirzons suggest a discontinuity in the parent material of

the ash profiles. This indicates that A, AC and Cl horizons are

developed in one deposit (upper layer C1) and C2 is another deposit.

Mixing and Stability of Ash

In order to evaluate the kind and amount of weathering that takes

place in a soil, it is necessary to have a homogeneous parent material

whose properties prior to alteration can be defined. Variability

present in a parent material would make it difficult to ascertain

weathering changes. Two major kinds of mixing are expected in vol-

canic ash parent materials: mixing of one ash with an ash of differ-

ent composition and mixing of ash with the pre-existing non-ash soil
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mantle. The mixing of ash with non-ash could be either from the buried

paleosol or by movement from adjoining non-ash areas. The factors

responsible for mixing may be vegetation, wind, and water. The inten-

sity of these factors would depend upon slope, elevation, precipitation,

and the kind and amount of vegetation distributed on the landscape.

The relative amounts of mixing in ash deposits can be deter-

mined by using two sets of properties: those properties which exist in

one material and not in the other, and those common properties which

differ quantitatively.

Mixing of C2 with Cl

It has been established that the Cl and C2 volcanic ash materials

are different in their morphological, physical, chemical, and miner-

alogical properties. The stratigraphic position of C2 is between the

old buried non-ash soil and Cl material. The banding in the C2 hori-

zon is prominent in the coarse pumice area of central Oregon. This

is illustrated by the Huckleberry Springs profile (Figure 20). Apparently

this characteristic extends into the Ochoco area. Samples taken by

Harward, Norgren, and Theisen8/ from the Simpson Place bog several

years ago exhibited banding. At that time there was concern that the

1/Personal communication. M. E. Harward, J.A. Norgren,
C. T. Youngberg and A.A. Theisen, Department of Soils, Oregon
State University, Corvallis.



Figure 20. Monoliths Illustrating Morphological Features of Sites Along the NE Main Axis of
Mazama Ash Fall. (HB - Huckleberry Springs; Hwy 26, MP 56 - Highway 26, Mile
Post 56; OB(F1) - Ochoco Butte, Site Fl; DC(C2) - Day Creek, Site C2; MW - Meadwood;
DS - Dick Springs) (Profiles courtesy of M. Dudas, Soils Department, Oregon State co

University.)
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banding may have been due to sorting by wave action or by surficial

movement into the bog following aerial deposition. Banding in the

lower horizons of some profiles in the Ochoco Butte area were initially

regarded with some question or suspicion of sorting during movement

on the landscape. Subsequently a profile in a road cut (Mile post 56,

U.S. Highway 26) was observed in which the ash layers or bands con-

formed to the old soil surface. Wilcox2/ (1969) examined this site

and expressed the opinion that the lower layers or bands at this site

reflected aerial deposition. The similarity in sequence of the bancs

in three different topographic positions clearly indicate residual

aerial deposit. Considerable significance is to be placed therefore on

the occurrence of the C2 and its relationship to the Cl horizon. The

differentiating properties of Cl and C2 can be used to determine mix-

ing of these two horizons.

Distinct C2 horizons may be found in some profiles of the Ochoco

Butte and Day Creek areas but it is difficult to recognize in the

Tollgate area. The C2 is absent in most of the places in any given

study area. Its absence is evidence that some reworking of the mater-

ial has taken place. The morphology of OB(C4) profile suggests the

absence of C2 material (Appendix I). Even the chemical (Table 9),

and mineralogical data (Table 12) do not show any indication of the

9/Personal communication. R. E. Wilcox, Geologist, Depart-
ment of Interior, Geological survey, Denver Federal Center, Denver.
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presence of C2 material. This suggests either the removal by erosion

of C2 before deposition of Cl or thorough mixing of C2 material with

Cl at this site. Pure original deposits of C2 and its occurrence in

patches within the lower part of the Cl layer are to be found (Figure

20). The presence of morphologically identifiable patches of C2

material in Cl material in profiles of OB(F1), MW and DS indicate

mixing of two ashes. The field observations are also supported by the

laboratory results. The "Cl or C2" horizon of the OB(F1) profile is

intermediate to the Cl and C2 horizons in particle size (Figure 8) and

elemental composition (Table 9). At the Cl and "Cl or C2" boundary

in the MW profile, the relatively gradual changes of chemical compo-

sition with depth (Figure 15), and in silica to aluminum, and calcium

to potassium ratios (Table 26) are attributed to mixing of small por-

tions of Cl with C2. The horizon of the DS profile which was desig-

nated as C in the field appears to be a mixture of a small portion of

Cl with larger amounts of C2 material. This mixing is suggested by

the "patchy" morphology (Figure 20),elemental distribution (Table 11),

mineralogical composition (Table 14), and glass to plagioclase, silica

to iron, and potassium to titanium ratios (Table 22). The above data

indicate that it is possible to identify mixing of the C2 with Cl mater-

ial whenever small amounts of Cl are mixed in C2.

It can be interpreted from the foregoing discussion that C2

material is residual in some places, mixed with Cl in others, and
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missing in still others. Two hypotheses can be outlined to explain

these characteristics of the C2 material. One is that reworking of the

C2 material took place before Cl material was deposited on top of it.

The other is that reworking of C2 took place after deposition of Cl

mainly through tree throw and animal activity.

Mixing of Non-ash with Ash

Rock fragments >2 mm are not expected in the original ash fall

in the study areas. There is some question about the occurrence of

biotite in the Mazama deposit. Williams (1942) stated that orthoclase

is absent and biotite is extremely rare even in most siliceous types of

deposits. Wilcox (1965) found no biotite in the Mazama ash. Westgate

and Dreimanis (1967) reported some biotite in the samples from

10Alberta, which they thought was detrital. Dudas (1970)/ found that

thin sections of pumice from Mazama contain no biotite phenocrysts

though he found some zenoliths having biotite in them. Therefore the

presence and amounts of >2 mm rock fragments and biotite in ash

soils can be used as mixing indicators.

Amounts of lithic material which erupted from Mazama and fell

over 20 miles from the source are insignificant (Williams, 1942).

Lithic material and quartz in ash soils of the Blue Mountain area

10/ Personal communication. M. J. Dudas, Department of Soils,
Oregon State University, Corvallis.
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are presuthed to be of local origin and may be used also as indicators

of mixing.

The clay contents of paleosols and non-ash areas are consider-

ably higher than ash soils. Hence, clay contents can also be used as

a mixing indicator. However, interpretation of clay data must recog-

nize the effect of greater weathering in surface horizons.

The non-ash soils contain no pumice 'whereas the ash soil was

predominantly rich in pumice. . Hence, the higher the percentage of

glass in an ash soil, the lower the amount of mixing. (The reverse

may not necessarily be true because glass contents can be decreased

by weathering rather than mixing. )

The contents of >2 mm rock fragments and clay decrease along

transects from non-ash to ash bodies in the Ochoco Butte and Day

Creek areas. The decreases are abrupt and percentages are uniform-

ly nominal in the ash bodies (Tables 6 and 7). This indicates that

there is only slight mixing of non-ash with ash by movement into ash

bodies. The higher percentages of >2 mm rock fragments at the

boundaries of ash and non-ash bodies suggest water to be the agent

producing the sharp boundaries by differentially removing smaller

and lighter particles.

The amount of non-ash material in all the ash profiles decreases

with depth as is indicated by decrease in rock fragments and clay

(Tables 6 to 8), and decrease in quartz (Table 15), biotite and lithic
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material, and increase in glass (Tables 12 to 14). This suggests

the importance of tree throw in the mixing of the paleosol with the ash.

The total amount of mixing of non-ash with ash is small as indi-

cated by small percentages of rock fragments, clay, biotite, lithic

material and higher contents of glass. However, there seems to be

relatively higher amounts of quartz (Table 15) and biotite (Tables 12

to 14) in the Tollgate area than in the other areas. The Tollgate area

is close to an area of loess deposition. Loess is high in biotite and

quartz. Hence, presence of greater amounts of biotite and quartz

may be due to mixing of loess with ash. However, the paleosol also

contains biotite and quartz. Higher rainfall and denser vegetation

would also increase the mixing by tree throw in this area. If the ash

in the Tollgate area has been mixed or overthickened by wind blown

material, it is difficult to reconcile the relatively uniform thickness

over a wide area.

Stability of Ash Bodies

Plant opal has been used as an indicator of the vegetative

history of soils (Brydon et al., 1963; Witty and Knox, 1964). Pedo-

genic processes tend to increase the opal content in the upper hori-

zons with the content generally decreasing with depth (Witty and

Knox, 1964). Plant opal therefore can be used as an indicator of the

stability of ash bodies on the land surface. Witty (1962) used grass
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opal to study stability of a grassland-forest boundary. High opal

contents in all the horizons of the profiles are indicative of post-

depositional reworking or instability while decreasing opal content with

depth indicates stability of the present land surface. In general, the

opal content decreases with depth in each of the areas investigated

here (Tables 12 to 14). This indicates that accumulation of opal in

the profiles is due to pedogenic process, and the present surface of

the ash bodies seems to be stable.

Charcoal was found at the boundary of Cl and C2 horizons and

in Cl material (upper horizons) of DC(C2) profile. Although the char-

coal was in individual pieces of about three cm in diameter, these

were all in a straight line except in the upper part of the profile (Fig-

ure 21). A composite sample consisting of three batches of charcoal,

one from 60 cm, one from 50-60 cm and another from 30-40 cm was

collected for analysis. The material was identified as being from

Douglas-fir but it could not be determined if it was stem or root11/ .

Carbon-14 analysis by the Teledyne Company, Westwood Laboratories,

yielded a date of 5300.± 130 ybp (years before present). If the char-

coal is from a root, the plant must have grown in the ash and later

burned, in which case all of the ash is older than 5300i 130 ybp. On

the other hand if the charcoal is from a stem, it must have burned,

11/ Appreciation is expressed to Mr. Allan Doerksen of Forest
Research Laboratory, Oregon State University, for identifying the
species of the charcoal.
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then later been buried under ash. This would make the upper layer

(CO of ash younger than 53001 130 years which is contrary to the

generally accepted date for eruption of Mazama. In the latter case

reworking of ash might be inferred. The reworking would tend to

increase the mixing of ash with other materials. However, the min-

eralogical data do not suggest any greater amount of mixing at this

site as compared to others (Table 13). Regardless of whether the

charcoal is from root or stem, the undisturbed nature of the charcoal

in the profile indicates the ash at this location has been stable for at

least 5300 years.

The gently sloping ridge tops of the study areas show very little

reworking in main ash bodies as indicated by small amount of mixing

and more or less uniform deposits of ash over the land surface (Table

16). The ash bodies on the windward sides of the Ochoco Butte and

Day Creek areas are overthickened. This overthickening could be

attributed to movement of ash from nonvegetated areas into the ash

bodies by wind and/or water as suggested by greater amounts of

>2 mm rock fragments at the boundary of ash and non-ash soils

(Tables 6 and 7). However, the overthickened portion of the ash

bodies is very small (Figures 4 and 5). This indicates that ash re-

moved from present day non-ash areas did not go far into the vege-

tated areas. The sharp boundary between ash and non-ash areas

probably developed because of water erosion around the edges of ash
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bodies as indicated by high percentage of >2 mm pebbles (Tables 6

and 7). The variation in ash thickness recorded at the Tollgate area

was expected to be more than the other two areas because the thick-

ness measurements were taken at a number of different locations with

varying degrees of slopes and because of the proximity of the Tollgate

area to the loess area. However, the thickness in this area is very

uniform, and this does not seem to be consistent with significant re-

working by wind or water. Although some loess may have blown into

the area and been incorporated as indicated by greater amounts of

quartz (Table 15) and biotite (Table 14) than the other two areas

(Tables 12 and 13), these materials could have come from the paleosol.

The study areas on high ridge tops under vegetative cover do not

show drastic reworking of ash deposits but there is an absence of ash

on nonvegetated areas, steeply sloping areas, and most south slopes.

Ash is present along streams and in canyons as colluvial and alluvial

fans indicating considerable movement, and redeposition of ash has

taken place by erosion.

Genesis

Before the weathering or genetic development of soils can be

precisely determined, it must be known that the parent material of

the compared horizons is uniform and a sample of the unaltered

material must be available for reference. The Cl and C2 (lower layer)
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horizons were regarded as relatively unaltered. Borchardt's (1970)

chemical composition data also indicates that the C material is un-

weathered. The upper layer (C1) and lower layer (C2) are regarded

as two different materials (discussed in "Cl-C2 Discontinuity"

subsection), and since genetic profile development has taken place in

the upper material, the Cl horizon is considered to represent the

parent material for volcanic ash soils in the Ochoco and Blue Mountains

area. It is concluded that some mixing of non-ash with ash has oc-

curred, although not to a great extent on a volume basis; the amount

of non-ash material decreases with depth in the profiles (discussed in

"Mixing and Stability of Ash" subsection). Nevertheless care must be

taken in interpreting weathering from the data because mixing may

have effects in the same direction as weathering or in the opposite

direction of weathering.

There is no diagnostic subsurface horizon developed in these

soils. This is shown by absence of clay bulges (Tables 6 to 8), ab-

sence of marked eluviation and illuviation zones of elements (Tables

9 to 11), and massive structure (Appendix I). The only observable

genetic features in these soils are the presence of A and AC horizons

and development of weak very fine granular structure in A horizons

of profiles from the Day Creek and Tollgate areas (Appendix I). The

main difference between A and AC horizons is in the amount of organic

matter which is shown by darker soil colors; the A is lower in chroma
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and/or value than the AC. Although the soils seem to have developed

under constant vegetative cover, no identifiable plant remains are

incorporated in the soils. This indicates that the organic matter is

humified and the products stain mineral soil materials dark. The

development of weak, very fine granular structure in some A horizons

may be due to high organic matter, freezing and thawing, wetting and

drying, soil organisms, and plant root activity.

The relative intensity of weathering is expected to be more in

the upper horizons. With an increase in weathering intensity, the

particle size becomes small, the relative amount of resistant minerals

increase, and the eluviation of weathered products produces zones of

illuviation in the profiles.

In general, the mean particle size of A and AC horizons in any

given profile is smaller than the Cl horizon, although the absolute

differences are very small (Figures 8 and 11 and 32 to 36). The mean

particle size of A and AC horizons of ash profiles of different areas

is in the following order: Ochoco Butte > Day Creek > Tollgate.

The decrease in particle size of C horizons is also in the same order

as above (Figure 31). This indicates that difference in particle size

of various areas is due primarily to increase in distance from the

source rather than differences in weathering environments.

Hay (1959) and Aomine and Wada (1962) found that the stability
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of minerals to weathering is volcanic glass < feldspars< hypersthene-

augite < magnetite. The increase in glass content and decrease in

primary mineral content with depth in this area are consistent with

this principle (Tables 12 to 14). The ratio of clear glass to yellowish

brown glass increases with depth, which also indicates increased

weathering of glass in upper horizons. There is more Fe in A and

AC horizons than in C horizons (Tables 9 to 11). Also, it should be

mentioned that the above data may be in part the result of addition of

non-ash material to the upper horizons. There is negligible or no

weathering of crystalline minerals as is shown by fresh looking crys-

tals of plagioclase, hypersthene, hornblende, and magnetite, and

absence of a weathering boundary around these crystals.

In general the percent Si. and K tend to increase and Al, Ca,

Ti, and Fe decrease with depth (Tables 9 to 11), but the changes

from A to Cl are very gradual (Figures 12 to 15), and the absolute

differences very small. As seen earlier glass seems to be the only

component weathered so far. Hence, weathering of glass and mixing

of ash with the paleosol are the two processes which would produce

changes in chemical composition. If mixing is considered negligible

then the net changes in chemical composition of various horizons is

the result of the weathering of glass and leaching. The data indicates

that Si and K are released from the glass and subsequent leaching

gives a gradual increase with depth. Slightly higher contents of Al,
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Ca, Ti and Fe in the A and AC horizons than the Cl may be due to the

presence of higher amounts of unweathered minerals which contain

these elements. The observed differences in chemical composition

of horizons seem to be the result of weathering rather than mixing.

Mixing of non-ash would increase silica (mainly feldspars and quartz)

and potassium (biotite) in upper horizons. However, the results

show lower contents of Si and K in upper horizons, which could pos-

sibly be the result of weathering of glass to release these elements

and subsequent leaching down the profile.

The soils are very fresh mineralogically and only slightly

weathered even after 6600 years of weathering. This is shown by

absence of illuvial subsurface horizons, weakly developed profiles

(A, AC, and C horizons), very low clay contents, very small changes

in particle sizes of A and AC horizons compared with Cl horizons,

absence of weathering of primary mineral crystals, and very gradual

nature of elemental distribution curves. What little weathering has

taken place is limited to A and AC horizons with maximum weathering

in the A. The relatively unweathered nature of these soils as com-

pared to similar soils elsewhere may be associated with climate.

The environment of the study areas is characterized by a moisture

deficit when temperature is favorable and cold when moisture is

present (Tables 3 to 5). These conditions are not favorable for

rapid weathering and contrast with areas such as Japan, New Zealand,
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Central America, etc., where ashy soils are much more weathered

in comparable periods of time. It is generally accepted that basic

materials (low in silica) weather faster than the acidic materials

(high in silica). Hence, the slow rate of weathering of Mazama vol-

canic ash (high in silica) may also be due to its acidic composition.
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CONCLUSIONS

The ash on broad ridge tops of the three study areas is more or

less uniform in thickness with the exception of overthickening of small

portions of the windward edges of vegetated areas of the Ochoco

Butte and Day Creek areas. The data suggest that the observed thick-

nesses possibly represent the original thickness of ash fall. The up-

land thickness of ash in the Ochoco Butte and Day Creek areas is in the

order of 55 cm. The thickness of ash in the Tollgate area is about

67 cm. The uniform overthickening of the Tollgate area is attributed

to many factors, but the most significant ones are the presence of

about nine cm of St. Helens Y ash in the area, and high precipitation

bringing down more ash at the time of original ash fall as suggested

by presence of accretionary lapilli. The bog thicknesses (upland

equivalent - Table 16) in the study areas are in the order of 42 cm.

The thicknesses of ash as determined in this study are greater than

predicted by Williams and Go les (1968). The difference is attributed

to the relation of sites to the axis of the main lobe: the study areas

correspond to a projection of the NE lobe whereas the projected

thickness by Williams and Go les is along a north axis.

Chemical composition, mineralogy, morphology, and particle

size suggest a discontinuity in parent material of ash profiles at the

boundary of Cl with C2 horizons. The sharpness of the discontinuities
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at various sites correlates with field morphology of sharp boundaries

and lack of mixing. The C2 layer is missing in most places within

all the study areas and its identification is extremely difficult in the

Tollgate area. Upper layer Cl(A, AC, and Cl horizons) and lower

layer (C2 horizon) behave as two different stratigraphic units. This

suggests that the layers represent different showers from Mt. Mazama.

Two kinds of mixing are identified in the ash parent material

of the study areas: mixing of C2 with Cl and mixing of non-ash with

ash. The C2 layer is residual in some places, mixed with Cl in

others and missing in still others. This suggests that reworking of

C2 material took place before Cl material was deposited on top of it

and/or reworking took place after deposition of Cl mainly through

tree throw. The amounts and distribution of >2 mm rock fragments,

biotite, lithic material, and quartz in the ash profiles indicate that

the amount of non-ash mixed in ash decreases with depth and that the

total amount of mixing of non-ash with ash is small. The absence

of ash on most south slopes, its presence in alluvial and colluvial ash

fans along streams and canyons, and its "patchy" distribution on land

surface suggests that considerable erosion, movement and redeposi-

tion of ash has taken place. However, the study areas on high ridge

tops under vegetative cover show no drastic reworking of ash deposits

by wind or water in these topographic positions as indicated by

decreasing grass opal content with depth, presence of 5300 year old
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charcoal in a straight line in the profile, and general uniformity in

thickness of the ash deposit. The major amount of mixing is attri-

buted to tree throw.

The soils are very fresh mineralogically and only slightly

weathered even after 6600 years. This is shown by the absence of

illuvial subsurface horizons, weakly developed profiles (A, AC, and

Cl horizons), low clay contents, small changes in particle sizes of

A and AC horizons compared with Cl horizons, the absence of

weathering of primary mineral crystals, and the gradual nature of

elemental distribution curves. Small differences in the composition

of A and AC as compared to Cl can mainly be attributed to weather-

ing of glass, although may be due in part to the presence of paleosolic

material in the A and AC horizons. The small amount of weathering of

the ash soils may be due to the acidic (high silica) nature of the

deposit, and an unfavorable climate for weathering.



98

BIBLIOGRAPHY

Allison, I.S. 1966. Fossil Lake Oregon: Its geology and fossil
faunas. Corvallis, Oregon State University, 48 p.

Aomine, S. and K. Wada. 1962. Differential weathering of volcanic
ash and pumice, resulting in formation of hydrated halloysite.
American Mineralogist 47:1024-.1048.

Arnold, J. R. and W. F. Libby. 1951. Radiocarbon dates. Science
113:111-120.

Baird, A. K. 1961. A pressed-specimen die for the Norelco vacuum-
path x-ray spectrograph. Norelco Reporter VIII:108-109.

Borchardt, G.A. 1970. Neutron activation analysis for correlating
volcanic ash soils. Ph. D. thesis. Corvallis, Oregon State
University. 219 numb. leaves.

Borchardt, G.A. and A.A. Theisen. 1968. X-ray spectrographic
analysis of major elements in silt and sands using permanent
sample mounts. Unpublished data, Department of Soils,
Oregon State University, Corvallis, Oregon.

Br ydon, J. E. , W. G. Dore and J. S. Clark. 1963. Asterosclereids
preserved in soil. Soil Science Society of America, Pro-
ceedings 27:476-477.

Carroll, D. 1938. Recording the results of heavy mineral analyses.
Journal of Sedimentary Petrology 8:3-9.

1957. A statistical study of heavy minerals in
sands of the South River, Augusta County, Virginia. Journal
of Sedimentary Petrology 27:387-404.

Chichester, F. W. 1967. Clay mineralogy and related chemical
properties of soils formed on Mazama pumice. Ph.D. thesis.
Corvallis, Oregon State University. 152 numb. leaves.

Chu, T. Y. and D. T. Davidson. 1953. Simplified air-jet dispersion
apparatus for mechanical analysis of soils. Highway Research
Board, Proceedings 32:541-547.



99

Crandell, D. R. , D. R. Millineaux, R. D. Miller and M. Rubin. 1962.
Pyroclastic deposits of Recent age at Mount Rainier., Washington.
U.S. Geological survey, Professional Paper 450-D:D64-D68.

Czamanske, G. K. and S.C. Porter. 1965. Titanium dioxide in pyro-
clastic layers from volcanoes in the Cascade Range. Science
150:1022-1025.

Doak, W. H. 1969. A qualitative and quantitative characterization
of porosity in volcanic ash. M. S. thesis. Corvallis, Oregon
State University, 90 numb. leaves.

Fairbairn, H. W. et al. 1951. A cooperative investigation of pre-
cision and accuracy in chemical, spectrochemical and modal
analysis of silicate rocks. U. S. Geological Survey, Bulletin
980:71 p.

Fieldes, M. 1955. Clay mineralogy of New Zealand soils. II. Allo-
phane and related mineral. colloids. New Zealand Journal of
Science and Technology 37:337-350.

Flanagan, F. J. 1967. U.S. Geological Survey silicate rock stand-
ards. Geochimica et cosmochimica Acta 31:289-308.

Fryxell, R. 1965. Mazama and Glacier Peak volcanic ash layers:
Relative ages. Science 147:1288-1290.

Hansen, H. P. 1947. Postglacial forest succession, climate, and
chronology in the Pacific Northwest. American Philosophical
Society, Transactions, New ser., 37 (Part I): p. 1-130.

Hay, R. L. 1959. Origin and weatherings of Late Pleistocene ash
deposits on St. Vincent, B. W.I. Journal of Geology 67 :65-
87.

1960. Rate of clay formation and mineral alter-
ation in a 4, 000 - year -old volcanic ash soil on St. Vincent, B. W.
I. American Journal of Science 258:354-368.

Jackson, M. L. 1956. Soil chemical analysis-advanced course.
Madison, Wisconsin, author. 991 p.

Johnsgard, G.A. 1963. Temperature and the water balance for
Oregon weather stations. Corvallis. 127 p. (Oregon Agri-
cultural Experiment Station. Special Report 150).



100

Kanno, I. 1962. Genesis and classification of humic allophane soil
in Japan. In: Transactions of commission IV and V, Inter-
national Society of Soil Science, International Soil Conference,
New Zealand. p. 3-8.

Kilmer, V. J. and L. T. Alexander 1949. Methods of making
mechanical analyses of soils. Soil Science 68:15-24.

Krumbein, W. C. and F. J Pettijohn. 1938. Manual of sedimentary
petrography. Appleton-century Co., New York.

Larsson, W. 1937. Vulkanische Ascsche vom Ausbruch des
chilenischen Vulkans Quizapu (1932) in Argentine gesammelt:
Upsala Bulletin Geological Institute. 26:27-52. Quoted by
Rigg and Gould (1957).

Libby, W.F. 1955. Radiocarbon dating, 2d ed. Chicago, Univer-
sity of Chicago, 175 p.

Milner, H. B. 1962. Sedimentary petrography. George Allen and
Unwin Ltd., London.

Nelson, C. H. , L. D. Kulm, P.R. Carlson and J. R. Duncan. 1968.
Mazama ash in the northeastern Pacific. Science 161:47-49.

Norgren, J. A. , G. A. Borchardt and M. E. Harward. 1970. Mt.
St. Helens Y ash in northeastern Oregon and south central
Washington. Northwest Science 44:66.

Powers, H. A. and R. E. Wilcox. 1964. Volcanic ash from Mount
Mazama (Crater Lake) and from Glacier Peak. Science 144:
1334-1336.

Rigg, G. B. and H.R. Gould. 1957. Age of Glacier Peak eruption
and chronology of Post-Glacial deposits in Washington and
surrounding areas. American Journal of Science 255:341-363.

Rubin, M. and C. Alexander. 1960. U.S. Geological Survey radio-
carbon dates V. American Journal of Science Radiocarbon
Supplement 2:129-185.

Smith, D. G. W. and J. A. Westgate. 1969. Electron Probe technique
for characterizing pyroclastic deposits. Earth and Planetary
Science Letters 5:313-319.



101

Steen, V. C. and R. Fryxell. 1965. Mazama and Glacier Peak
pumice glass: Uniformity of refractive index after weathering.
Science 150:878-880.

Tidball, R. R. 1965. A study of soil development on dated pumice
deposits from Mount Mazama, Oregon. Ph. D. thesis.
Berkeley, University of California. 235 numb. leaves.

U.S. Bureau of Standards. 1927. Certificate of analysis of standard
sample number 76, Burnt refractory. Washington, D. C. 1

sheet.

U.S. Bureau of Standards. 1931. Certificate of analysis of standard
sample number 97, Flint clay. Washington, D. C. 1 sheet.

Van Bavel, C. H. M. 1949. Mean weight-diameter of soil aggregates
as a statistical index of aggregation. Soil Science Society of
America, Proceedings 14:20-23.

Westgate, J. A. and A. Dreimanis. 1967. Volcanic ash layers of
Recent age at Banff National Park, Alberta, Canada. Canadian
Journal of Earth Sciences 4:155-161.

Wilcox, R. E. 1965. Volcanic ash chronology. In: The Quaternary
of the United States: Review volume for the seventh congress
of the International Association for Quaternary Research,
Boulder, Colorado, 1965, ed. by H. E. Wright, Jr. and D. G.
Frey. Princeton, Princeton University. p. 807-816.

Williams, H. 1942. The geology of Crater Lake National Park,
Oregon. Washington, D. C. 162 p. (Carnegie Institute of
Washington. Publication no. 540)

Williams, H. and G. Goles. 1968. Volume of the Mazama ash-fall
and the origin of Crater Lake Caldera. In: Andesite confer-
ence guidebook. Portland. p. 37-41. (Oregon, Dept. of
Geology and Mineral Industries. Bulletin 62)

Witty, J. E. 1962. Grass opal in some Chestnut and forested soils
of Wasco County, Oregon. M. S. thesis. Corvallis, Oregon
State University. 47 numb. leaves.

Witty, J.E. and E.G. Knox. 1964. Grass opal in some Chestnut
and forested soils in North Central Oregon. Soil Science
Society of America, Proceedings 28:685-688.



102

Youngberg, C. T. and C. T. Dyrness. 1964. Some physical and
chemical properties of pumice soils in Oregon. Soil Science
97:391-399.



APPENDICES



103

Appendix 112/

South Ochoco Butte

(Designation: SOB)
Sampled 9/15/67, by A. A. Theisen, D. Rai, W. H. Doak, and
E. G. Knox.
Wheeler County, Oregon, Ochoco area, center of SE 1/4, sec. 11,
T. 13S., R. 20E.; SE of Ochoco Butte, about 400 feet SE of F. S.
road 127, 100 feet west of scabland boundary, on aerial photograph
EJL-7-140.
About 5720 feet elevation, 2% W slope, well drained soil from ash
over buried soil, on the southeast gentle side slope of a major drain-
age divide, about 1000 feet from the summit.

Horizon and Depth
Sample No. (cm. )

01 and 02 5-0 Partially decomposed litter.

Al 0-18 Dark brown (10YR 3/3) fine sandy loam, yel-;
SOB1 lowish brown (10YR 5/4) dry, few pumice

sand grains brownish yellow (10YR 6/6) when
moist and very pale brown (10YR 7/3) when
dry; structureless; soft, very friable, non-
plastic, nonsticky; abundant interstitial pores;
boundary gradual.

18-45 Dark yellowish brown (10YR 4/4) fine sandy
loam, pale brown (10YR 6/3) dry, few pumice
sand grains colored as above; structureless;
soft non pla stic, non sticky; abundant intersti-
tial pores; boundary gradual.

Cl 45-68 As above but with more pumice sand grains
SOB3 colored as above; boundary clear, wavy.

AC
SOB2

C2 68-85 Light yellowish brown (10YR 6/4) fine sandy
SOB4 loam, very pale brown (10YR 7/3) dry; struc-

tureless; soft, nonplastic, nonsticky; abundant
interstitial pores; common black crystals;
abundant medium sand pumice; boundary
abrupt, wavy, extending to 85 cm in deepest
parts.

12/
Morphologic descriptions of SOB, DC(C2), and DS profiles

are by Dr. E.G. Knox, others by the author.



Horizon and
Sample No.

IIBb

Depth
(cm. )

85 -95+

104

Dark brown (7.5YR 3/3) moist loam; weak fine
and very fine subanbular blocky structure;
hard, slightly plastic, slightly sticky; abun-
dant very fine tubular pores.

Ochoco Butte; Site (C4)

(Designation: OB( C4))

Sampled 8/ 23/67
Wheeler County, Oregon, Ochoco area, South half SE 1/4, NE 1/4,
sec. 11, T. 13S., R. 20E.; about 125 feet W of F. S. road 127, 100
feet south of northern scabland boundary, on aerial photograph EJL-
7- 140.
About 5760 feet elevation, 6% SE slope, well drained soil from ash
over buried soil.
Horizon and Depth
Sample No. (cm. )

01 3-0

Al 0-15
OB(C4)6

AC
OB(C4)7

IIBb
OB(C4)8

Partially decomposed litter.
Dark yellowish brown (10YR 3/4) loam, yellow-
ish brown (10YR 5/4) dry; massive; soft, very
friable, nonplastic, nonsticky; many very fine
interstitial pores; about 8% sand size yellowish
brown (10YR 5/6) pumice grains, yellow (10YR
7/6) dry; abundant roots; boundary clear, wavy.

15-42 Dark yellowish brown (10YR 4/4) sandy loam,
light yellowish brown (10YR 6/4) dry; massive;
soft, very friable, nonplastic, nonsticky; many
very fine interstitial pores; about 12% pumice
grains as above; abundant roots; boundary
abrupt, wavy.

42-50+ Dark yellowish brown (10YR 3/4) moist silt
loam; moderate very fine subangular blocky;
friable, slightly plastic, slightly sticky; few
roots; about 10% pebbles.



Ochoco Butte: Site (Ti)
(Designation: OB( T1))

Sampled 8/23/67
Wheeler County, Oregon, Ochoco area, South half SE 1/4, NE 1/4,
sec. 11, T. 13S., R. 20E.; about 300 feet W of F. S. road 127 on
the northern scabland boundary on aerial photograph EJL-7-140.
The main ash body starts at about 4 feet E of this site. About 5760
feet elevation, 3% SE slope, well drained soil with 5 - 10% volcanic
ash in it.
Horizon and
Sample No.

Al
OBIT 1)9

AC
OB( T1)10

Depth
(cm. )

0-20

105

Dark brown (7. 5YR 3/2) loam, brown (10YR
5/3) dry; massive; friable, nonplastic, slight-
ly sticky; about 8% pumice grains yellowish
brown (10YR 5/6), brownish yellow (10YR 6/6)
dry; many roots; about 15% pebbles; boundary
gradual, smooth.

20-30 Dark brown (7.5YR 3/2) loam, brown (10YR
5/3) dry; massive, friable, nonplastic, slight-
ly sticky; about 8% pumice grains yellowish
brown (10YR 5/6), yellow (10YR 7/6) dry;
common roots; about 15% pebbles; boundary
gradual, smooth.

C 30-67 Brown (7.5YR 4/4) sandy loam, pale brown
OB(T1)11 10YR 6/3) dry; massive; friable, nonplastic,

nonsticky; about 4% pumice grains yellowish
brown (10YR 5/6), yellow (10YR 8/6) dry;
few roots; about 10% pebbles.

Ochoco Butte: Site (Fl)
(Designation: OB( Fl ))

Sampled 8/23/67
Wheeler County, Oregon, Ochoco area, south half SE 1/4, NE 1/4,
Sec. 11, T. 13S., R. 20E.; about 50 feet W of F. S. road 127 on the
southern tip of ash body, on aerial photograph EJL-7-140.
About 5760 feet elevation, 2% SE slope, well drained soil from ash
over buried soil.



Horizon and
Sample No.

01
Al
OB(F1)12

AC
OB(F1)13

Cl
OB(F1)14

"Cl or C2"
OB(F1)15

C2
OB(F1)16

IIBb
OB(F1)17

106

Depth
(cm.)

2-0 Partially decomposed litter
0-22 Dark yellowish brown (10YR 3/4) loamy sand,

pale brown (10YR 6/3) dry; massive; soft,
friable, nonplastic, nonsticky; many very fine
interstitial pores; boundary clear, smooth.

22-32 Dark yellowish brown (10YR 4/4) loamy sand,
light yellowish brown (10YR 6/4) dry; mas-
sive, soft, friable, nonplastic, nonsticky;
many very fine interstitial pores; about 25%
very pale brown (10YR 8/4) and yellow (10YR
7/6) sand grains; boundary clear, smooth.

32-70 Light yellowish brown (10YR 6/4) loamy sand,
very pale brown (10YR 7/3) dry; massive;
soft, friable, nonplastic, nonsticky; many
very fine interstitial pores; sand size pumice
grains as in above horizon; boundary clear,
smooth.

70-90 Very pale brown (10YR 7/4) loamy sand, very
pale brown (10YR 8/4) dry; massive; soft,
friable, nonplastic, nonsticky; many very fine
interstitial pores; pumice grains as in above
horizon; boundary abrupt, smooth.

90-110 Very pale brown (10YR 7/3) coarse loam,
white (10YR 8/2) dry; massive; soft, friable,
nonplastic, nonsticky; many very fine inter-
stitial pores; pumice grains of same color as
matrix; boundary abrupt, smooth. This hor-
izon is banded, the boundary between the bands
is abrupt, smooth. The sample of this horizon
comprised of all bands.

110-120+ Dark brown (7.5YR 3/2) silt loam, brown
(10YR 5/3) dry; moderate very fine subangu-
lar blocky; friable, slightly plastic, slightly
sticky; about 10% pebbles.
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North Ochoco Butte

(Designation: NOB)

Sampled 8/23/67
Wheeler County, Oregon, Ochoco area, center of SE 1/4, NE 1/4,
Sec. 11, T. 13S., R. 20E.; about 700 feet W of F. S. road 127.
About 5 720 feet elevation, 30% N slope, well drained soil from ash
over a buried soil.
Horizon and Depth
Sample No. (cm.)
Al 0-15
NOB18

AC
NOB19

Cl
NOB20

C2
NOB21

IIBb
NOB22

Dark yellowish brown (10YR 3/4) loamy sand,
yellowish brown (10YR 5/4) dry; massive;
soft, friable, non-plastic, non-sticky; many
very fine interstitial pores; about 15% yellow
(10YR 7/6) sand size pumice grains; abundant
roots; boundary clear, wavy.

15-60 Dark yellowish brown (10YR 4/4) loamy sand,
pale brown (10YR 6/3) dry; massive; soft,
friable, non-plastic, non-sticky; many very
fine interstitial pores; about 15% yellow (10YR
7/4) sand size pumice grains; abundant roots;
boundary clear, wavy.

60-75 Light yellowish brown (10YR 6/4) loamy sand,
very pale brown (10YR 7/4) dry; massive;
soft, friable, nonplastic, nonsticky; many
very fine interstitial pores; about 15% yellow
(10YR 8/6) sand size pumice grains; common
roots; boundary abrupt, wavy.

75-90 Very pale brown (10YR 7/3) silt loam, white
(10YR 8/2) dry; massive; soft, friable, non-
plastic, nonsticky; many very fine interstitial
pores; pumice (grains of same color as matrix)
few roots; boundary abrupt, wavy. This hori-
zon varies in thickness and is broken.

90-100+ Dark yellowish brown (10YR 3/4) moist silt
loam; moderate very fine subangular blocky;
friable, slightly plastic, slightly sticky; about
10% pebbles.
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Day Creek: Site (B1)

(Designation: DC(B1))

Sampled 8/24/67
Grant County, Oregon, Beach Creek area, SE 1/4, NE 1/4, Sec. 24,
T. 11S., R. 30E.; about 10 feet E of F. S. road 1130 from point on
road about 100 feet S of edge of scabland on aerial photograph EPK
8-12.
About 5840 feet elevation, well drained non-ashy soil representative
of scabland.

Horizon and Depth
Sample No. (cm. )

A 0-15 Dark brown (7.5YR 3/2) silt loam, brown
DC(B1)31 (7.5YR 4/4) dry; slightly hard, friable, plas-

tic, sticky; few roots; many pebbles and stones.

Day Creek: Site (B2)

(Designation: DC(B2))
Sampled 8/24/67
Grant County, Oregon, Beach Creek area, SE 1/4, NE 1/4, Sec. 24,
T. 11S., R. 30E.; about 79 feet E of F. S. road 1130 from point on
road 100 feet S of edge of scabland on aerial photograph EPK 8-12.
The main ash body starts at 5'E of this site.
About 5840 feet elevation, 2% S slope, well drained, predominantly
non-ash" soil.

Horizon and Depth
Sample No. (cm. )

A 0-13
DC(B2)32

A3
DC(B2)33

Dark brown (7.5YR 4/4) silt loam, brown
(7. 5YR 5/4) dry; weak very fine granular;
slightly hard, friable, slightly plastic, slightly
sticky; abundant roots; about 15% pebbles;
boundary, gradual wavy.

13-32 Dark brown (7.5YR 4/4) silt loam, brown (7.5
YR 5/4)dry; weak very fine subangular blocky;
slightly hard, friable, plastic, sticky; abun-
dant roots; about 15% pebbles; boundary gradu-
al, wavy.



Horizon and
Sample No.

B
DC(B2)34

IIBb
DC(B2)35

Depth
(cm. )

32-47

109

Brown (7.5YR 5/4) silt loam, light brown
(7. 5YR 6/4) dry; weak very fine subangular
blocky; slightly hard, friable, plastic,
sticky; abundant roots; about 15% pebbles;
boundary gradual smooth.

47-57+ Dark brown (7. 5YR 4/4) silt loam, brown
(7. 5YR 5/4) dry; moderate very fine sub-
angular blocky; slightly hard, friable, plas-
tic, sticky; few roots; abundant very fine
tubular pores; about 15% pebbles. Few small
clay films.

Day Creek: Site (B3)
(Designation: DC(B3))

Sampled 8/24/67
Grant County, Oregon, Beach Creek area, SE 1/4, NE 1/4, Sec. 24,
T. 11S., R. 30E.; about 150 feet E of F. S. road 1130 from point on
road about 100 feet S of edge of scabland on aerial photograph EPK-8-
12.
About 5840 feet elevation, 3% E slope, well drained soil from ash
over buried soil.
Horizon and Depth
Sample No. (cm. )

01 2-0 Partially decomposed litter; variable in
thickness; boundary abrupt, smooth.

Al 0-12 Dark yellowish brown (10YR 4/4) silt loam,
DC(B3)36 yellowish brown (10YR 5/4) dry; weak very

fine granular; soft, very friable, nonplastic,
nonsticky; abundant very fine interstitial
pores; abundant roots; boundary gradual.

AC 12-30 Dark yellowish brown (10YR 4/4) silt loam;
DC(B3)37 light yellowish brown (10YR 6/4) dry; mas-

sive; soft, very friable, nonplastic, non-
sticky; abundant, very fine interstitial pores;
abundant roots; boundary clear, wavy.
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Horizon and Depth
Sample No. (cm.)

C 1 30-45 Yellowish brown (10YR 5/4) very fine sandy
DC(B3)38 loam, very pale brown (10YR 7/4) dry; mas-

sive; soft, very friable, nonplastic, non-
sticky; abundant, very fine interstitial pores;
common roots; boundary abrupt, wavy.

C2 45-62 Very pale brown (10YR 7/4) silt loam, white
DC(B3)39 (10YR 8/2) dry; massive; soft, very friable,

nonplastic, nonsticky; abundant very fine inter-
stitial pores; few roots; boundary abrupt,
wavy.

IIBb 62-70+ Dark brown (7.5YR 4/4) silt loam, brown
DC(B3)40 (7.5YR 5/4) dry; moderate very fine sub-

angular blocky; friable, plastic, sticky;
abundant very fine tubular pores.

Day Creek: Site (C2)
(Designation: DC(C2))

Sampled 9/14/67, by A. A. Theisen, D. Rai, W. H. Doak, and
E. G. Knox.
Grant County, Oregon, Beech Creek area, SE 1/4, NE 1/4, sec. 24,
T. 11S., R. 30E.; About 200 feet E. of F. S. road 1130 from point
on road about 200 feet S of edge of scabland, on aerial photograph
EPK 8-12.
About 5840 feet elevation, 2% S slope, well drained soil from ash over
buried soil, on a broad, level to gently sloping summit, cut off by side
drainages from the main area of the summit.
Horizon and
Sample No.

01

Al
DC(C2)41

Depth
(cm. )

2-0

0-25

Partially decomposed litter; variable in
thickness; boundary abrupt, smooth.
Could be designated B2. Dark brown (7. 5YR
4/4) loam, light yellowish brown (10YR 6/4)
dry; weak very fine granular or massive;
very friable, nonplastic, nonsticky; abundant
very fine interstitial pores; few black crys-
tals; 5 to 10% soft, mostly 10YR 7/3 when
moist, medium and fine sand grains (pumice);
boundary clear, smooth. At upper boundary,
nearly black, intermittent horizonless than
1 cm. thick.



Horizon and
Sample No.

AC
DC(C2)42

Cl
DC(C2)43

Depth
(cm. )

25-45

111

Yellowish brown (10YR 5/4) loam, very pale
brown (10YR 7/3) dry; massive; very friable,
nonplastic, nonsticky; abundant very fine
interstitial pores; few black crystals, 10%
sand grains as above; boundary clear, wavy.

45-60 Yellowish brown (10YR 5/4) loam, very pale
brown (10YR 8/3) dry; massive; very friable,
nonplastic, nonsticky; abundant very fine inter-
stitial pores; few black crystals, 10% sand
grains as above; intermittent and variable in
thickness with fragments similar to horizon
below in places; boundary abrupt, irregular.
This boundary apparently due to mechanical
disturbance. Charcoal was sampled from
lower part of this horizon.

C2 60-72 Very pale brown (10YR 7/3) very fine sandy
DC( C2)44 loam, white (10YR 8/2) dry; massive; slightly

hard, friable, brittle nonplastic, nonsticky;
abundant very fine interstitial pores; few
black crystals; 10% sand grains as above but
without color contrast with groundmass.
Dark brown (7.5YR 3/3) moist loam; moder-
ate very fine subangular blocky structure;
friable, slightly plastic, slightly sticky;
abundant very fine tubular pores.

IIBb 72-80+
DC(C2)45

Meadwood

(Designation: MW)

Sampled 8/18/67
Umatilla County, Oregon, Tollgate area, SW 1/4, SW 1/4, SW 1/4,
sec. 29, T. 4N., R. 37E.; about 200 feet east of Meadwood dirt road
junction with highway 204 and 50 feet north of highway 204, at top of
rise.
About 3900 feet elevation, 2% N slope, well drained soil from ash
over loess.
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Horizon and Depth
Sample No. (cm. )

01 and 02 4-0 Partially decomposed litter.
Al 0-10 Very dark grayish brown (10YR 3/2) silt loam,
MW 46 dark grayish brown (10YR 4/2) dry; weak very

fine granular; soft friable, slightly plastic,
slightly sticky; abundant roots; boundary clear,
wavy.

Al2 10-30 Dark brown (10YR 3/3) silt loam, brown (10YR
MW 47 4/3) dry; weak very fine granular; soft, fri-

able, slightly plastic, nonsticky; abundant
roots; boundary clear, wavy.

AC 30-38 Brown (10YR 4/3) silt loam, yellowish brown
MW 48 (10YR 5/4) dry; massive; soft, friable, non-

plastic, nonsticky; abundant roots; boundary
clear, wavy.

C1 38-50 Yellowish brown (10YR 5/4) silt loam, very
MW 49 pale brown (10YR 7/4) dry; massive; soft,

friable, nonplastic, nonsticky; common roots;
boundary abrupt, wavy.

C2 50-65 Light yellowish brown (10YR 6/4) Very fine
MW 50 sandy loam, very pale brown (10YR 8/3)

dry; massive; soft, friable, nonplastic, non-
sticky; few roots; boundary abrupt, wavy.

IIBb 65-170+ Brown (10YR 5/3) silt loam, pale brown (10YR
MW 51 6/3) dry; moderate fine subangular blocky;

slightly hard, firm, slightly plastic, slightly
sticky; few fine brownish clay films, clay
content inc. with depth; few roots.

Dick Springs

(Designation: DS)
Sampled 9/13/67, by A. A. Theisen, W. H. Doak, and E. G. Knox;
with M. E. Harward, C. T. Youngberg, D. Rai, J. L. Young, and
E. M. Taylor.
Umatilla County, Oregon, Tollgate area, SE 1/4, NW 1/4, sec. 11,
T. 3N., R. 37E. ; Blalock Mountain 7-1/2' top. sheet, 2.2 miles south
of Oregon 204 on dirt road, 130 feet east of road, from point on road
100 feet north of curve to east and drop in elevation, at top of slight
rise.
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About 4500 feet elevation, 1% slope, well drained soil from ash over
a buried soil, on a broad, level ridge top.
Horizon and Depth
Sample No. (cm. )

01 and 02 2-0 Needles and twigs, partially decomposed.
Al 0-22 Dark yellowish brown (10YR 4/4) silt loam,
DS52 brown (10YR 5/3) dry; weak very fine granu-

lar structure or massive; soft, very friable,
nonplastic, nonsticky; abundant roots; abun-
dant very fine interstitial pores; common
black particles, 0.5 to 3 mm across, mostly
elongated (some, at least, are charcoal. );
few, yellowish, soft, medium and fine sand
grains; less than 5% dark minerals; boundary
gradual, smooth. At upper boundary, inter-
mittent horizon, less than 1 cm thick, 10YR
2/1 or 3/1, moist, and 10YR 5/1 or 6/1, dry.

AC 22-50 Yellowish brown (10YR 5/4) silt loam, light
DS 53 yellowish brown (10YR 6/4) dry; massive; soft,

very friable, nonplastic, nonsticky; common
roots; abundant very fine interstitial pores;
common, yellowish, soft, fine and medium
sand gains; less than 5% dark minerals; some
portions with colors like horizon below;
boundary abrupt, irregular. Form of this
boundary apparently due to mechanical dis-
turbance.

C 50-68 Light yellowish brown (10YR 6/4) silt loam,
DS 54 very pale brown (10YR 7/3) dry, with varia-

tions of 1 or 2 units of value and chroma
within 20 cm laterally; massive; soft but
brittle, very friable, nonplastic, nonsticky;
abundant very fine interstitial pores; soft
sand grains as above absent or the same
color as the groundmass; less than 5% dark
mineral; boundary abrupt. This may be a
remnant of an ash layer older than the ash
dominant in the horizons above.
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Horizon and Depth
Sample No. (cm. )

IIBb 68-90+ Dark brown (7.5YR 3/4) silt loam, brown
DS 55 (7.5YR 5/4) dry; moderate fine and very fine

subangular blocky structure; hard, friable,
slightly plastic, slightly sticky abundant very
fine tubular pores; about 5% pebbles; common
pad coats of clean silt and sand; few small clay
skins in some parts only.



APPENDIX II

OCHOCO BUTTE DEPTH INCREMENT SAMPLES: Site (F1)

(Designation: OB(F1))

Sampled 6/24/ 69 by D. Rai, M. J. Dudas and M. E. Harward.

Wheeler County, Oregon Ochoco area, south half SE 1/4, NE 1/4, Sec. 11, T. 13S. , R. 20 E.; about 50 feet W of F. S. road 127 on the southerntip of ash body, on aerial photograph EJL-7-140.
About 5760 feet elevation 2% SE slope, well drained soil from ash over buried soil.

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

OB(F1) 64 Al 6-12 Dark yellowish brown Loamy Sand Brown
(10YR 4/4) (10YR 5/3)

OB(F1) 65 Al 12-19 Dark yellowish brown Loamy Sand Brown
(10YR 4/4) (10YR 5/3)

OB(F1) 66 Al 19-25 Dark yellowish brown Loamy Sand Brown
(10YR 4/4) (10YR 5/3)

OB(F1) 67 Al 25-31 Dark yellowish brown Loamy Sand Brown
(10YR 4/4) (10YR 5/3)

OB(F1) 68 AC 31-38 Dark yellowish brown Loamy Sand Pale brown
(10YR 4/4) (10YR 6/3)

OB(F1) 69 AC 38-44 Dark yellowish brown Sand Pale brown
(10YR 4/4) (10YR 6/3)

OB(F1) 70 AC 44-50 Brown Loamy Sand Pale brown
(10YR 5/3) (10YR 6/3)

OB(F1) 71 AC 50-57 Brown Loamy Sand Pale brown
(10YR 5/3) (10YR 6/3)

OB(F1) 72 Cl 57-63 Yellowish brown Sand Light yellowish brown
(10YR 5/4) (10YR 6/4)



OCHOCO BUTTE DEPTH INCREMENT SAMPLES: Site (F1) (Continued)

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

OB(F1) 73 Cl 63-69 Yellowish brown Sand Light yellowish brown
(10YR 5/4) (10YR 6/4)

OB(F1) 74 Cl 69-73 Yellowish brown Sand Very pale brown
(10YR 5/4) (10YR 7/3)

OB(F1) 75 Cl 73-78 Yellowish brown Sand Very pale brown
(10YR 5/4) (10YR 7/3)

OB(F1) 76 C2 78-80 Yellowish brown Very fine Very pale brown
(10YR 5/4) Sandy Loam (10YR 7/3)

OB(F1) 77 C2 80-85 Light yellowish brown Sand Very pale brown
(10YR 6/4) (10YR 8/3)

OB(F1) 78 C2 85-91 Pale brown Sand Very pale brown
(10YR 6/3) (10YR 8/3)

OB(F1) 79 C2 91-99 Pale brown Fine Very pale brown
(10YR 6/3) Sandy Loam (10YR 8/3)

OB(F1) 80 C2 99-104 Pale brown Loam Very pale brown
(10YR 6/3) (10YR 8/3)

Or or
Pinkish white Pinkish gray

(7. SYR 8/2) (7/5YR 6.5/2)



NORTH OCHOCO BUTTE DEPTH INCREMENT SAMPLES

(Designation: NOB)

Sampled 6/24/69, by D. Rai, M. J. Dudas and M. E. Harward.

Wheeler County, Oregon, Ochoco area, center of SE 1/4, NE 1/4, Sec. 11, T. 13S., R. 20 E.; about 700 feet W of F. S. road 127.
About 5720 feet elevation, 30% N slope, well drained soil from ash over a buried soil.

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

NOB 81 Al 2-12 Dark yellowish brown Loamy Sand Yellowish brown
(10YR 3/4) (10YR5/4)

NOB 82 AC 12-22 Dark yellowish brown Loamy Sand Yellowish brown
(10YR 4/4) (10YR 5/4)

NOB 83 AC 22-32 Dark yellowish brown Loamy Sand Yellowish brown
(10YR 4/4) (10YR 5/4)

NOB 84 AC 32-42 Dark yellowish brown Sand Yellowish brown
(10YR 4/4) (10YR 5/4)

NOB 85 Cl 42-52 Yellowish brown Sand Pale brown
(10YR 5/4) (10YR 6/3)

NOB 86 Cl 52-62 Yellowish brown Sand Pale brown
(10YR 5/4) (10YR 6/3)

NOB 87 Cl 62-67 Yellowish brown Sand Pale brown
(10YR 5/4) (10YR 6/3)

NOB 88 Cl 67-72 Yellowish brown Sand Pale brown
(10YR 5/4) (10YR 6/3)

NOB 89 C2 72-77 Pale brown Loamy Sand Very pale brown
(10YR 6/3) (10YR 8/3)



NORTH OCHOCO BUTTE DEPTH INCREMENT SAMPLES (Continued)

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

NOB 90 C2 77-82 Pale brown Loamy Sand
(10YR 6/3)

NOB 91 C2 82-87 Pale brown Fine
(10YR 6/3) Loamy Sand

Very pale brown
(10YR 8/3)

Very pale brown
(10YR 8/3)

or or
Pinkish gray Pinkish white

(7.5YR 8/2) (u. 5 YR 6.5/2)



DAY CREEK DEPTH INCREMENT SAMPLES: Site (C2)

(Designation: DC (C2))

Sampled 6/24/69, by D. Rai, M. J. Dudas and M. E. Harward.

Grant County, Oregon, Beach Creek area, SE 1/4, NE 1/4, sec. 24, T. 11S., R. 30E. ; about 200 feet E of F. S. road 1130 from point on road
about 200 feet S of edge of Scabland, on aerial photograph EPK 8-12.
About 5840 feet elevations, 2% S slope, well drained soil from ash over buried soil, on a broad, level to gently sloping summit, cut off by side
drainages from the main area of the summit.

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

DC(C2) 92 AC 7-14 Dark yellowish brown Sandy loam Light yellowish brown
(10YR 4/4) (10YR 6/4)

DC( C2) 93 AC 14-21 Dark yellowish brown Sandy loam Light yellowish brown
(10YR 4/4) (10YR 6/4)

DC(C2)94 AC 21-28 Dark yellowish brown Sandy loam Light yellowish brown
(10YR 4/4) (10YR 6/4)

DC(C2)95 AC 28-35 Dark yellowish brown Sandy loam Light yellowish brown
(10YR 4/4) (10YR 6/4)

DC(C2)96 AC 35-42 Dark yellowish brown Sandy loam Light yellowish brown
(10YR 4/4) (10YR 6/4)

DC(C2)97 Cl 42-49 Yellowish brown Sandy loam Very pale brown
(10YR 5/4) (10YR 7/3)

DC(C2)98 C2 49-56 Pale brown Loam Very pale brown
(10YR 6/3 (10YR 8/3)

DC( C2) 99 C2 56-63 Pale brown Fine Very pale brown
(10YR 6/3) Sandy loam (10YR 8/4)



DAY CREEK DEPTH INCREMENT SAMPLES: Site (C2) (Continued)

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

DC(C2)100 C2 63-69 Pale brown Fine Very pale brown
(10YR 6/3) Sandy loam (10YR 8/3)

DC(C2)101 C2 69-75 Pale brown Fine Very pale brown
(10YR 6/3) Sandy loam (10YR 8/3)



MEADWOOD DEPTH INCREMENT SAMPLES

(Designation: MW)

Sampled 8/18/67, by D. Rai, M. J. Dudas and M. E. Harward.

Umatilla County, Oregon, Tollgate area, SW 1/4, SW 1/4, SW 1/4, Sec. 29, T. 4N,, R. 37 E.4 about 200 feet east of Meadwood dirt road junction
with highway 204 and 50 feet north of highway 204, at top of rise.
About 3900 feet elevation, 2% N slope, well drained soil from ash over loess.

Sample No. Horizon Depth in cm. Moist Color Texture Dry Color

MW 102 Al 0-7 Very dark grayish brown Dark brown to brown
(10YR 3/2) (10YR 4/3)

MW 103 Al 7-14 Dark brown Loam Yellowish brown
(10YR 3/3) (10YR 5/4)

MW 104 AC 14-21 Dark brown to brown Loam Pale brown
(10YR 4/3) (10YR 6/3)

MW 105 AC 21-28 Dark brown to brown Loam Pale brown
(10YR 4/3) (10YR 6/3)

MW 106 Cl 28-35 Dark yellowish brown Fine Light yellowish brown
(10YR 4/4) Sandy loam (10YR 6/4)

MW 107 Cl 35-42 Dark yellowish brown Fine Light yellowish brown
(10YR 4/4) Sandy loam (10YR 6/4)

MW 108 Cl 42-49 Dark yellowish brown Fine Light yellowish brown
(10YR 4/4) Sandy loam (10YR 6/4)

MW 109 Cl 49-56 Dark yellowish brown Fine Light yellowish brown
(10YR 4/4) Sandy loam (10YR 6/4)

MW 110 Cl 56-63 Dark yellowish brown Fine Light yellowish brown
(10YR 4/4) Sandy loam (10YR 6/4)



MEAD WOOD DEPTH INCREMENT SAMPLES (Continued)

Sample No. Horizon Depth in cm.

MW 111 "Cl or C2" 63-69

MW 112 "Cl or C2" 69-75

Moist Color Texture Dry Color

Yellowish brown
(10YR) 5/4)

Pale brown
(10YR 6/3)

Sandy loam

Sandy loam

Very pale brown
(10YR 7/4)

Very pale brown
(10YR 8/3)



APPENDIX III-A. Summary of X-Ray Fluorescence Analytical Conditions

Element
Analytical

Line
Analyzing
Crystal

Exciting
Radiation KV ma

Detector
(with pulse-height
discrimination) Path

Si K:a EDDT Cr 50 40 Flow proportional Vacuum

Al Key EDDT Cr 50 40 Flow proportional Vacuum

Ca Ka EDDT Cr 20 15 Flow proportional Vacuum

K Ka EDDT Cr 50 40 Flow proportional Vacuum

Ti Ka EDDT Cr 50 40 Flow proportional Vacuum

Fe K a LiF Cr 40 21 Scintillation Air
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Figure 25. Standard Curve for Percent K by X-ray Fluorescence. Counts Per Unit Time for
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APPENDIX HI- C

Sample Depth
No. Horizon in cm.

Sub-
sample %Si %A1 %Ca %K %Ti

DC(C2)92 AC 7-14 a 26.25 8.92 2.21 1.48 0.58

b 26.05 8.72 2.19 1.49 0.56

DC(C2)93 AC 14-21 a 26.13 9.13 2.08 1.44 0.56

b 25.88 8.78 2.14 1.42 0.56

DC(C2)94 AC 21-28 a 26.13 8.97 2.05 1.44 0.56

b 26.01 8.85 2.11 1.42 0.55

DC(C2)95 AC 28-35 a 26.59 9.09 2.03 1.46 0.55

b 26.17 8.81 2.01 1.45 0.54

DC( C2)96 AC 35-42 a 26.33 9,09 2.06 1.43 0.55

b 26.29 8.81 2.04 1.44 0.54

DC(C2)97 Cl 42-49 a 26.68 9.19 2.04 1.46 0.52

b 26.55 9.04 2.04 1.48 0.51

DC(C2)98 C2 49-56 a 27.13 8.60 1.64 1.64 0.45

b 27.37 8.76 1.65 1.64 0.44

DC(C2)99 C2 56-63 a 27.95 8.16 1,36 1.81 0.40

b 28.16 8.38 1.39 1.80 0.40

DC(C2)100 C2 63-69 a 28.74 8.14 1.40 1.87 0.38

b 28.85 8.22 1.42 2.03 0.38

DC(C2)101 C2 69-75 a 29.31 8.08 1.27 1.95 0.37

b 29.18 8.06 1.27 1.94 0.37

Total a 271.24 87.37 18.14 15.98 4.92

b 270.51 86.43 18.26 16.11 4.85
Percent Difference Between a and b 0,23 1. 1 0.66 0.81 1.44
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Figure 28. Ash Thickness (cm) at the Table Glade, Tollgate Area,
Umatilla County, Oregon, Sec. 30, T. 4N., R. 38E.
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Figure 29. Ash Thickness (cm) at the Target Meadows, Tollgate
Area, Umatilla County, Oregon, T. 4N., R. 38E.
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Figure 30. Ash Thickness (cm) at the Woodward Creek, Tollgate
Area, Sec. 4 and 9, T. 3N., R. 38E.
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Figure 31, Changes in Particle Size Distribution Curves of Cl and C2 Horizons with Distance from Crater Lake,
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Figure 32. Particle Size Distribution Curves for SOB Profile, Ochoco Butte Area
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Figure 33. Particle Size Distribution Curves for NOB Profile, Ochoco Butte Area.
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Figure 34. Particle Size Distribution Curves for DC(B3) Profile, Day Creek Area.
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Figure 35. Particle Size Distribution Curves for DC(C2) Profile, Day Creek Area.

0.5 1.0 2.0



0.002 0.02 0.05 0.10
Diameter of Particles (mm )

Figure 36. Particle Size Distribution Curves for DS Profile, Tollgate Area.
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