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Geomorphology, Stratigraphy, and Soil Interpretations,

Willamette Valley, Oregon
Frank Reckendorf !

Abstract

This paper presents a chronclogical sequence of geomor-
phle surfaces and assoclated soils for the Willamette Valley. The
oldest surfaces described are Middle Pleistocene (about 200 ka
yrs.) Eolasurlaces, with solls that vary from Xeric Haplohumults
to Andic Fraglumbrepts, When devoid of vegetation the sloping
Haplohumuits tend to have high sheet and rlil and ephemeral
gully erosion. The sloping Andic Fragiumbrepts, although not
as eroslve as the Haplohumults, tend to yleld high levels of
soluble phosphorous In runoff,

The next lowest geomorphic surface in the Willametie
Valley Is the Dolph, with an estimated age of 125 ka yrs. This
surface has a thin overlay of slde valiey aliuvium or eolian
materlal over palecscls classified as Ultic Haploxeralls. On
sloping surfaces, these soiis also can have high sheet and rlll
and ephemeral gully erosion [ there is asparse vegetated cover,

Belowthe Dolphare two Brateng surfaces, These surfaces
also have Ultic Haploxeralfs paleosols, but these are overlain by
deposlts derlved from glaclal Lake Missoula Floods. The
pediments and paleosois of the High and Low Brateng have an
estimated age of 105 ka yrs. However, the overlying flood
sediments are Interpretedtobe derived from “Bretz Floods”™ with
estimated ages between 15 ka and 12.8 ka yrs.

The sequence of surfaces belowthe Brateng are the Bethel,
Senecal, and Calapooyla surfaces. The Bethel varles from
rounded hills topography to a swell and swale topography
similar to the Senecal. The Senecal lopography represents a
drainage development on the geomorphic flat Calapooyla sur-
face. Stratigraphlcally, these surfaces are underiain by varlous
members of the Willamette and Roland formations, bul In
general they all have an overlylng gray silty Greenback Member
thatis a depositional unit of the Bretz Floods {15 ka- 12 kayrs.).
The A and E horlzons of Dayton (Fine, montmorilionitic, mesle
Typlc Albaqualf) soils are developed in the Greenback Member,
Below the Greenback ls the Malpass Member, In which the 281
of Dayton solls has developed.

Below the Malpass Is the Iish Bend Member, which corre-
sponds to the 3C of Dayton solls. The Irish Bend overlies the
Diamond Hill Paleasal or the Linn Member of the Rowland

Formation, The Linn Member has beendated to be beyond reach of
C-14 dating (>40 ka yrs). The overlying irish Bend sediments should
therefore be younger, but not as young as the Greenback Member.

The Irish Bend Member Is Interpreted in this study to be
assoclated with earfler stages of glaclal Lake Missoula floods that
occurred between 50 ka and 60 ka yrs. or earlier, as dated by
paleosols in the loess In southeastern Washington.

‘The Malpass Member that overlies the frfsh Bend Member Is
younger than the Irish Bend but clder than the Greenback Member,
whichls consldered here 1o be between about 15 ka and 12.8 ka yrs.
The material In the Malpass Member is consldered by the author to
be derived from multiple sources, with the predominant source
being commingled “Bonneville Flood” (15 ka to 14 ka) and “Bretz
Flood™ (15 ka to 12.8 ka) sediment.

Below the Calapooylaand Senecal surfaces are the Winkleand
Ingram and Horseshoe surfaces which represent the primary geo-
morphlc surfaces of the Willamette Valley assoclated with the
present drainage system. The Winkle surface Is the natural high
flood plaln prior to reservolr canstruction, which has an age thatin
general varles from about 12.20 ka yrs., In deep vertical accretion
depasHs under the Winkle %o 5.2 ka yrs. In the 2Bt horizon of the
Malabon (Pachic Ultic Arglxeroll) soll profile.

Large areas of the Winkle surface are lake deposits. These
Winkle areas, and the flood plain of the Tualatin River that Is
predominantly a Winkle surface which recelves annual flood depo-
sltion, have served as sediment and nutrient sinks for the last 12.2
ka years. Therefore, these areas have high natural background
levels of organics and phosphorus and have assoclated water
quality problems.

The Ingram surfaces are the domlnant current flood plains of
the Willamette River with flood frequencles that vary from frequent
to rare, Fine lextured solls and stratigraphy occur beneath both the
Winkle and Ingram surtaces in the Willamette Valley and in tribitary
valleys such as the Long Tom, Calapooyla, Muddy, Lucklamule,
Yamhill, Pudding, and Tualatin.

The youngest of the flood plains are the Horseshoe surfaces,
which are dated younger than 0.5 ka yrs. The soils on these young
fioodplains have no diagnostic soll horizons,

1Sedimentation Geologist, Soil Conservation Service, West
National Technical Center, 511 N.W. Broadway, Room 248,
Portland, Oregon 97209,
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Introduction

The Willamette Basin is in northwestern Or-
egon between the Cascade Mountains on the east
and the Coast Range on the west. The basin is 200
km long from Eugene to Portland and aeverages
about 40 km wide between the foothills. The major
tributaries to the Willamette River on the south end
of the valley are the Coast Fork and Middle Fork of
the Willamette River.

On the Cascade Range side of the valley, enter-
ing from south to north, the tributaries to the
Willamette River are the McKenzie, Calapooyia,
South Santiam, North Santiam, Pudding, Molalla,
and Clackamas Rivers. On the Coast Range side of
the valley, entering from south to north, the tribu-
taries of the Willamette River are the Long Tom,
Marys, Luckiamute, Yamhill, and Tualatin Rivers.
TheWillamette Basin drains an area of about 29,785
8q km.

Precipitation

The Willamette Valley is one of the few areas in
the continental United States that is characterized
by heavy rains in the winter and near drought
throughout the summer. Fioods can occur at any
time between October and April but usually occur
during December and January. Soils tend to be
saturated between November and April and there-
fore are subject to excess runoff. The average annual
precipitation varies from 102 cm on the valley floor
to about 381 cm in the Cascade and Coast Range
Mountains (Reckendorf, 1973).

Historic Forest

Historically, the Willamette Valley was gener-
ally forested, but portions of the valley were covered
with grasslands and scattered stands of Oregon
white oak (Habeck, 1961). The flood plain areas
tended to be dense forest, some of which were
predominantly Douglas fir,

Geologlc Setting

Almost two-thirds of the Willamette Basin lies
within the volcanic terrain of the Cascade Range,
with rock units that are predominantly mafic (ba-
salt) and intermediate {(andesitic) volcaniclastics
(volcanicbreccias and tuffs) and flows of LateEocene
to. Pliocene age (Peck, et al., 1964). Minor glacial
deposits of Pleistocene age have been recognized in
the Cascades, but these occur only along tributaries
to the Willamette River, such as the Santiam.

On the Coast Range side of the Willamette
Basin, the rock units are predominantly basalt,
sandstone, and shale of early Tertiary age, but some

Oligocene, Miocene, and Pliocene units are present
(Vokes et al., 1954). In a few places, the valley floor
is interrupted by basalt-capped ridges that were
more resistant to erosion than the surrounding
Eocene to Miocene sandstones, siltstones, and
claystones that underlay the valley unconsolidated
units. An example of this is the north-south trending
Salem Hills-Eola Hills at Salem.

Geologlc History

The Willamette valley has been described as the
southern end of a structural depression that extends
as far north as the Straits of Georgia, British Colum-
bia (Roberts and Whitehead, 1984). As summarized
in Orr et al. (1992), the geologic history of the
Willamette Valley starts with the volcanic founda-
tion rocks. These volcanics erupted as part of a
submarine oceanic island archipelago.

The archipelago accreted to the western margin
of North America, and a forarc basin filled with
marine deposits from Eocene through Pliocene. Fos-
sils and sediments that have accumulated in the
basin during the Oligocene and Miocene reflect a
shallowing and filling of the basin, while a sea was
withdrawing from the basin. This was occurring
with a slow uplift of the Coast Range.

In the middle and late Miocene, lavas of the
Columbia River Basalt covered the marine sedi-
ments of the Oligocene seaway at various locations
and reached as far south as Salem. In northern
Marion and Clackamas counties, about 1,000 feet of
Miocene clastic sediments, mudflows, and volcanic
tuffs of the Molalla formation reflect the first terrestial
sediments after withdrawal of the Oligocene sea-
way.
During the Pliocene and Pleistocene, filling of
the basin continued with sediment from the sur-
rounding landscape and the Columbia River. The
northernbasin was alargelake in the Pliocene when
the Boring lavas erupted from over 100 small volca-
noes near Portland. LaButte, southwest of
Wilsonville, is at about the southern extent of the
Boring lava.

Up to 300 feet of Pleistocene riverine sands and
gravels covered the rugged erosional surfaces on top
of the Columbia River Basalts and older tertiary
units in the Willamette Valley. Thisis overlainin the
Southern Willamette Valley by up to 150 feet of
Pleistocene Roland Formation coarse gravels and
sand, considered to be of glacial and alluvial fan in
origin. The Roland Formation is overlain by the
Willamette Formation in the main valley. However,
in the northern Willamette Valleys, the Pliocene
Boring lavas are overlain by the Portland Hills Silt,
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the Troutdale gravels, and the Willamette Silts of
the Willamette Formation.

Geomorphology

Balster and Parsons Studles

Balster and Parsons (1968, 1969) geomorphically
separated the Willamette Valley into two units
separated by the Salem Hills-Eola Hills topographic
high area. The area to the south was characterized
by very low relief and slightly incised valleys. The
area to the north was characterized as being more
completely dissected with streams that have incised
their valleys several times deeper than those of the
southern valley. They separated a stepped sequence
of geomorphic surfaces (episodes of landscape devel-
opment)in which each mapped gecmorphicunitwas
assigned a name, based on a type locality where that
unit was well expressed in the Willamette Valley.

The Balster and Parsons (1968, 1969), Parsons
(1969), and Parsons, Balster, and Ness (1970) geo-
morphic surfaces are shown from oldest to youngest
in Table 1. In general, the geomorphic surfaces fit a
time sequence, but as set up by Balster and Parsons
(1968, 1969) there are exceptions, as Table 1 shows.
It is important to view the chronological listing of
geormorphic surfaces in

Table 1 with the understanding that external
depositional units on some of the geomorphic sur-
faces have modified the morphology and time se-
quence of particular surfaces, as well as the associ-
ated soils.

This author's present evaluation in the field of
the geomorphic sequence presented by Balster and
Parsons (1968,1969) shows that the basic sequence
is still applicable for broad scale evaluation, with
only minor medifications needed within specific
geomorphic surfaces to reflect the past 20 years'
research and this author’s hundreds of transect
observations. Interpretations of the stratigraphy
aredifferent, however, and reflect theauthor’s evalu-
ations in the valley over the past 30 years.

Eola

Variations from the Balster and Parsons (1968)
chronology of surfaces are apparent for both Eola
and Dolph surfaces. A larger scale of mapping than
used by Balster and Parsons (1968} could show that
there are stepped geomorphic surfaces within the
broadly defined Eola surface, as Figure 1 shows.
However, since there is no research information
about the soil differences across these surfaces, I will
not attempt to describe the different episodes of Eola
landscape development.

Dolph

I have observed three separable Dolph equiva-
lent geomorphic surfaces in the Willamette Valley.
Thisis consistent with Balster and Parsons’ observa-
tions of three Dolph surfaces that were first pub-
lished in 1968 but were mapped as one surface.

This author’s unpublished studies in the
Willamette Valley, along stream valleys on the Or-
egon coast, in central Oregon, in southwestern Or-
egon, andin central Washington have found enough
geomorphic, stratigraphic, and soil differences across
the apparent equivalent Dolph surfaces to make a
mappabledistinction between the three Dolph units.
These have been called High Dolph, Middle Dolph,
and Low Dolph, or the equivalent coastal terrace, for
my coast work.

The Dolph relationships in the Willamette Val-
leyare complicated becauseof deposition that mantles
the three surfaces. On two of the three, these depos-
its are thought to have been derived from an exter-
nal glacial melt water runoff source (Glassman and
Kling, 1980} (See discussion in the Stratigraphy
Section). However, I have correlated the age of the
high Dolph landscape at the coast (based on obser-
vation of the same step sequence of geomorphic
surfaces from the rivers to the uplands) without the
glacial meltwater deposits (i.e., with the paleosol
over saprolite) as equivalent to the Silver Butte
coastal terrace, along the Oregen Coast. In Curry
County, Silver Butte has been assigned an esti-
mated age of 125,000 years before present (Kelsey,
1990).

Glassman and Kling(1980) and Glassman, Kling,
and Brown (1980) describe eolian deposits over a
high Dolph paleosol that overlies saprolite in south
central Willamette Valley. They consider this high
Dolph surface to best fit the original Balster and
Parsons (1968) concept of a Dolph middle Pleisto-
cene surface. However, the Dolph of Balster and
Parsons (1968) was defined specifically to contain
erratics as well as the correlated Lacomb and Lefller
gravels of Allison (1953), and Glassman, Kling, and
Brown (1980) state that erratics are absent from the
Dolph (i.e., High Dolph of Reckendorf).

Glassman and Kling (1980) redefined the Dolph
of Balster and Parsons (1968) to restrict it only to
that part of the Dolph in their study area above 122
m. This higher Dolph is equivalent to this author’s
High Dolph. This author believes that the Glassman
and Kling (1980) separation of the highest Dolph is
the reasonable interpretation for the oldest part of
the Dolph landscape, that part that is not modified
by the glacially derived lacustrine deposits (Bretz

GEOMORPHOLOGY, STRATIGRAPHY, AND SOIL INTERPRETATIONS, WILLAMETTE VALLEY, OREGON
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Table 1, Willamette Valley Geomorphic Surfaces
(Balster and Parsons, 1968, 1969, and Parsons, Balster, and Ness, 1970)

Geomorphic  Type Locations Geomorphic Stratigraphy Age
Surface Expression

Eola Salem Hills, Waldo | Crest and upper parts | Weathered soils and | Middie
Hilis, Eola Hills, Red | of hilils. deeply weathened Pleistocene
Hills of Dundee, Hills gravels.
near Lacomb

Dolph Three miles north of | Variable bul as many | Extensive fials Middle
Dallas, OR Dolph as Lhree dissected underain by Pleistocene
Comers. Also, near | fiats. Numerous weathered gravels,

Alvadore, small pediments. sand and clays and
surface ematics.

Quad Quadrangle on Terrace flat that is Essentially the Late
campus of Oregon similar to next lower | Willamette sills in an | Pleistocene
State Unlversity Calapooyia unit. upfaulted position.

Calapooyia | Southem part of Flat main valley floor, | Greenback Member | Late
Willamelle Valiay little relief, light and Malpass or Irish | Plelstocene
padticularly along the | colored areas on Bend Members. Or,
easlem part of photos are poorly Greenback and/or
Calapooyia River, drained deprassions | Malpass over burled

Separated by paleosol or
intervening, slightly weathered gravels,
higher and better

drained dark colored

areas.

Senecal Area around Senecal | Modification of the Greenback Member | Late
Creek near Calapooyls surface and Malpass or Irish | Pleislocene
Woodbum. and development of | Bend Members. Or,

drainage. Locally Greenback and/or
appears like drainage | Maipass over buried
organization paleosol or
produced by overdand | weathered gravels.
flooding of major

streams shorlly afler

Greenback Member

deposited.

Champoeg Two miles southwest | Modification of Torrentially, cross- Late
of Newberg near Calapooyia and bedded sands or Plelstocene
Champoeg Park. . Senecal surfaces. gravel, probably of

Smali pediment-like Glaclal Lake
landforms make up Missoula flood origin.
the greater part of the

Champoeg.

Winkle Winkle Butte, 10 Broad abandoned Fine texiured Late
miles south of flood plain in the sediment, over Pleistocene
Corvaliis. Willamette Valley gravel. Lake beds of | to Holocene

and oldest surface
related to present
drainage system.
Also, old lake beds
like Lake Labish.

peat and muck.

(continues on next page)
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Table 1, cont. Willamette Valley Geomorphlc Surfaces
(Balster and Parsons, 1268, 1969, and Parsons, Baister, and Ness, 1970}

Geomorphic  Type Locations Geomorphic Stratigraphy Age
Surface Expression
Ingram Ingram Island along The higher of two Flood plain Late
the Willamette River | fiood plains of the sediments. Holocane
northeast of Willametie River and .
Harrisburg. Hs tributaries. '
Horseshoe Horseshoe Isiand The lower ficod plain | River channe! bars, Pradominantly
near Corvallis, OR. of the Willamette point bars and Post
River and tributaries. | channel fillings. Settlement
Usually sandy
alluvium and gravel.
Looney The southem margin | The geomorphic Side valley alluvium | Of Any Age
of the Salem Hills surface is a complex | of mixed lithology.
near Looney Butte, of valleys, and ridges
that make up the
dissected steeply
sloping landscape.
Luckiamute | Luckiamute River Fiocd plains of Flood plain and Of Any Age
Valley near town of streams that flow out | alluvial fan deposits
Pedee of terrains composed | of tribulary sireams
of Eola, Dolph, and too small to map as
Looney surface, and Horseshoe or ingram.
associated alluvial
fans.
Mass No formal location. Hilly areas of the Mixed side valley Of Any Age
Willametie Valle alluvium, and
Movement with mass d slumped materials,
movement, slump
blocks and mud
flows. Frequenlly
hummocky, Irregular
topography with
poorly dralned
depresslons,

Flood deposits 15 ka to 12.8 ka yrs.). The remainder
of this discussion will use this concept.

Brateng

Glassman and Kling(1980)and Glassman, Kling,
and Brown (1980) redefine the two lower Dolph
surfaces in the south central Willamette Valley that
were included in the Dolph by Balster and Parsons
(1968). The separation was based on stratigraphy,
mineralogy, and soil discontinuities, that will be
discussed in the Stratigraphy Section. Two surfaces
called Brateng were defined, between elevation 80 m
and 122 m in the Glassman and Kling (1980) study
area. The name Brateng was assigned to represent
the area where Brateng Road crosses the Brateng
surfaces at Elkins Road in Polk County.

These surfaces are similar to the equivalent
Middle and Low Dolph surfaces that I previously
studied in the Airlie Hills in Polk County in the
Willamette Valley. The Airlie Hills are about 9.6 km
south of the Brateng type locality. 1 also consider the
Brateng surfaces to be the Middle Dolph and Low
Dolph that I previously identified in the Willamette
Valley and elsewhere in Oregon and Washington.

The complex depositional history of the uncon-
solidated materials that lie beneath the Brateng
surface will be discussed later under the Stratigra-
phy and Age section. However, to keep the chronol-
ogy in perspective, the Brateng should be thought of
as a middle to late Pleistocene landscape that has
been modified by late Pleistocene erosion and asso-
ciated glacial lacustrine deposits.

GEOMORPHOLOGY, STRATIGRAPHY, AND SOIL INTERPRETATIONS, WILLAMETTE VALLEY, OREGON
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Quad and Bethel

The Quad surface (Table 1), as Balster and
Parsons (1968) defined it, was not considered exten-
sive enough to map much beyond the type locality
area, at the field scale of one inch per mile. However,
later work by Gelderman (1970), established the
Bethel surface near McCoyin the Willamette Valley.
Gelderman considered therounded hills near McCoy
as similar in relief and age to the Quad surface, yet
different in configuration. Gelderman and Parsons
(1972) characterized the Bethel surface as rounded
hills having moderate relief and gently sloping sides
that were graded to the next lower Calapooyia and
Senecal Surfaces. Gelderman (1970) originally
thoughtthat the Bethel units hadlimited extentand
might be restricted to the Yamhill and Tualatin
River Valleys.

This author initially observed some of the Bethel
surface in Yamhill and Polk Counties well beyond
the range of the Yamhill and Tualatin Valleys. The
Bethel surface was expressed as a swell and swale
topography similar to that found on the lower lying
Senecal Surface. This author later found that the
geamorphic step surface equivalent to the Bethel
surface occurs within essentially all Willamette
Valley counties, along the Oregon Coast in central
Oregon, in southwest Oregon, and in central Wash-
ington.

There is little need to maintain correlations to
both the Quad surface of Balster and Parsons(1968)
and the Bethel of Gelderman and Parsons (1972).
Because the Bethel surface is the better defined of
the two and has greater extent, the Quad surface
should be considered as alocal geomorphic inclusion
of the Bethel surface. Mapping and the literature
ghould reference the Bethel surface as the distine-
tive geomorphic surface that lies next above (i.e.,
slightly older than) the Senecal surface with similar
soils to those on the Senecal surface.

Senecal

The Senecal and Calapooyia surfaces are char-
acterized adequately by the data in Table 1. How-
ever, the relationship of the Senecal to the Winkle
surface needs some additional explanation. Balster
and Parsons (1968) recognized that, in the area
south of the Salem, a very small scarp break oocurs
between the Winkle surface and the Senecal surface.
Thisscarpisless than 1.5 m atthe Winkle Buttetype
locality.

The scarp difference increases rapidly north-
ward until it exceeds 7.5 m at Lake Labish and
attaing a maximum of about 21 m near Canby. The
scarp difference between the Winkle surface and the

next lower Ingram surface remains nearly the same
throughout the valley. The difference in scarpbreak
height between the Winkle and Senecal surfaces
from the southern to the northern parts of the valley
may indicate major tectonic events in the lower
Willamette Valley (Balster and Parsons, 1968; Par-
sons, 1969).

Champoeq

In the northern Willamette valley is a geomor-
phic surface named Champoeg (Balster and Par-
sons, 1968)that occursbetween Senecal and Winkle.
This consists of torrentially cross-bedded gravels
and cobbles derived from flood waters of Glacial
Lake Missoula. This author has not been able to find
evidence of Champoeg outside the area where it was
mapped by Balster and Parsons (1968).

Winkle and Ingram

The next lower surfaces beneath Senecal,
Calapooyia, or Champoeg are Winkle and Ingram,
whose geomorphicsurfaces vary asReckendorf(1973)
and Parsons and Herriman (1969) have discussed.
Detailed mapping and cross sections have shown
both Low Ingram and High Ingram geomorphic
surfaces, as well as Low Winkle and High Winldle
geomorphic surfaces. Differences include geomor-
phic features present, such as meander scrolls,
oxbows, oxbow lakes, natural levees, old channels,
and the degree of bar and channel topography, in
progressing from the Low Ingram (i.e., frequently
flooded areas) to High Winkle (i.e., rarely flooded,
such as in 100-year or 500-year flocd events). The
High Winkle surface is essentially devoid of geomor-
phic features, except for natural levies and sand
splays. :

The largest known flood in the Willamette Val-
ley occurred in 1861, before the advent of structural
controls (Reckendorf, 1973). This flood inundated-
513,000 acres in the main Willamette Valley, prob-
ably flocding the High Winkle and all surfaces
below, and establishea the natural flooded riparian
area of the main Willamette Valley. However, the
woody vegetated riparian area is better represented
by only the Ingram and the Horseshoe geomorphic
surfaces.

Horseshoe

The Horseshoe geomorphic surfaces consists
primarily of channel bars, point bars and meander
scrolls. Two Horseshoe geomorphic surfaces occur
along the Willamette River at some locations, and
the difference in the surfaces may reflect pre-dam
verses post-dam flood deposition. In addition, some
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recent, coarse textured, super-elevated flood deposi-
tion on the Ingram surfaces occurs along the outside
of curves of the river and can be mistaken for
Horseshoe surfaces. These sand splay or other de-
posits are higher than the surrounding landscape
and have a stratigraphy similar to the Horseshoe
surface.

Stratigraphy and Age

Eola Surface

Balster and Parsons (1968) found saprolite, and
the Lacomb and Lefllergravels established by Allison
(1953), beneath the Eola sequence of surfaces. Both
of these gravels are deeply weathered, and are
considered middle Pleistocene(Balster and Parsons,
1968). This author correlated, by observation (the
upland surfaces along the river valley were graded
to various upland coastal terraces), the coastal ter-
races identified as Seven Devils (or Indian Creek)
and Metcalf (or Poverty Ridge) in Curry County,
Oregon as being the terrace equivalent to the Eola
upland surfaces along the rivers in that area. The
Metcalf has been assigned a minimum estimated
age of 200 ka years before present (Mclnelly and
Kelsey, 1990).

Dolph, Brateng, Bethel,
Senecal, and Calapooyia Surfaces

Common Upper Slratigraphy
The stratigraphy underlying the Dolph surface

varies in characteristics and age, as stated earlier,
because of different erosional and depositional histo-
ries expressed by the redefined Dolph (i.e., High
Dolph) and Brateng surfaces. In other words, the
surface does not show a simple chronological se-
quence of geomorphic surfaces but a complex se-
quence of a chronological landscape development,
with superimposed later deposition from external
sources (Table 2, and Figure 1}. The higher surfaces
on the landscape do not necessarily reflect that they
are older, because they have quite young deposition
and associated soils. The last external deposition
crosses the landscape units to provide a commeon
upper stratigraphy.

| leosol
The Dolph surface in the Glassman and King
(1980} and the Glassman, Brown, and Kling (1980)
studies is stratigraphically underlain by a paleosol
developed on the Eocene Spencer formation that
was gverlain by about a 30-cm deposit of material
interpreted to be eolian, Although their study was

much more limited in scope than the Balster and
Parsons (1968, 1969) work, the author’s indepen-
dent confirmation of the approximate equivalent
condition (High Dolph with thin silts over reddish
brown paleosol over sandstone) in the Airlie Hills is
sufficient for this author to ascribe to the Glassman
and Kling interpretation as the correct general
interpretation for the highest of the Dolph units. The
exception isthe interpretation that weathered grav-
elscanbe partofthe stratigraphy onthe High Dolph,
overlying the paleosol.

Iph interpretive Problem

Balster and Parsons(1968, 1969)and Glassman,
Brown, and Kling (1980), interpret the elevation of
the Dolph type locality (i.e., Dolph Corners) and the
presence of the Greenback Member and the associ-
ated glacial erratics very differently. At Dolph Cor-
ners an erratic surface is underlain by weathered
gravels. This location appears to be the highest part
of the Dolph landsecape in the area, but it does not
appear to be the High Dolph in the Willamette
Valley. This relationship needs further study and
mapping in the field, but on an elevation basis the 76
m Dolph type locality more closely fits the Low
Brateng surface, which has its type locality only
about 19 km to the southwest.

The Greenback Member and the erratics pose
an additional interpretation problem. The Green-
back Member as described by Balster and Parsons
(1969) in the southern Willamette Valley is com-
posed predominantly of silt-sized quartz and felds-
par, with significant contents of coarse sand-sized
iron manganese oxide concretions near the base of
the surface. This member is essentially coextensive
with the Calapooyia, Senecal, and Bethel geomor-
phic surfaces (Balster and Parsons, 1969, and
Gelderman and Parsons, 1972). Previously, Allison
(1953) and Glen (1965) suggested that these higher
silts (i.e., above the Bethel surface) were derived
from glacial Lake Missoula floods. The Glassman,
Brown, and Kling (1980), and Glassman and Kling
(1980) work extends the Greenback member to
overlap the Brateng surfaces; it also interprets the
material as derived from late Pleistocene glacial
Lake Missoula floods.

Based on electron micrographs, the quartz-sand
grains in the Greenback Member have surface mor-
phologies similar to the underlying Irish Bend Mem-
ber. At elevations below 80 m, the grains are said to
have(Glassman and Kling, 1980) surface morpholo-
gies suggesting glacial flood transport. However, at
higher elevations (above 80 m) more euhedral sand
grains appear, suggesting that much of the material
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Table 2. Willamette Valley Geomorphlc Surfaces,

Representative Solls and Stratigraphy

Geomarphic Serles Subgraup Particle Stratigrephy and Special
Surface Slza Class Other Interpretation
Eola /| Ballpine Xeric Clayey Side valley alluvium | Erosion
Halplochumutt over paleosal, and.
weathered soils over
saprolite.
Bacona Typle Fine-sifty Side valley alluvium | Erosion
Halpohumult over paleosol and
weathered soils over
saprolite. Erratic
_pebbias.
Qlyic Typic Fine-loamy | Side vailey alluvium | Erosion
Haplohumuit over paleosol, and :
weethered soils over
saprolite.
Jory Xeric Clayay Side valley alluvium | Erosion
Haplohumult over palecsol, and
weathered soils over
saprolite,
Cascade Typic Fine-silty External depositional | Erosion
Fragiumbrept silt over reddish
paleosol. Erratic
pebbles & cobbies In
depositional unit.
Goble Andic Medial Volcanic ash & Erosion Phosphotus
Fragiumbrept upland silt over in runoff
fragipan paleosol.
Melby Umbric Fine Side valley siluvium, | Erosion
Dystrochrept
Deolph Cornelius Motllic Fine-silty Fragipan Erosion
Fraglxerall
Willakenzie Ultic Fine-silty Side valley alluvium | Erosion
Haploxeralf over brownish
paleosol
Salkum Xeric Clayey Side valley afluvium | Erosion
Haploxeralf over weathered
gravels. Lacomb &
Leffler weathered
gravels
High Willakenzie Uttic Fine-silty Depositional glacial | Generally the highest
Brateng varlant, deep | Haploxerall siits on brownish glaclal ficod level.
Low paleosol. Erratics Variable shape on the
Brateng landscape.
Helmick Aquic Very-fine Side valley alluvium | Commonly In swaie
variant, Xerachrept over depositional shape. One source
moderately clay over Cr. for lower tying
deep Assoclated with the depositions! clay.
upsiopa claystones, | Varable shape on the
slitstones, & tuff landscape.
sources of clay.
Bethel Willametie Pachic Ultic Fine-siity Greenback over Irish | Stratified soils, weli
varlant Argixeroll Bend Members. dralned, wide crop
Abundant erratics. variety.

(continues on next page)
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Table 2, cont. Willamette Valley Geomorphic Surfaces,
Representative Solls and Stratigraphy
Geomorphic Series Subgroup Parlicle Stratigraphy and Special
Surface Size Class - Other Interpretation
Calapooyia | Dayton Typic Fine Greenback in Dayton | Deainage problem
Albaqualf sollIs ARE, 2BT is limits crop varietys
Malpass & 3C is the | and stratified solls.
Irish Bend.
Senacal Willamette Pachic Ultic Fine-siity Derived from minor Stratified solls, welt
Argixeroli incision of drained, wide crop
Calapooyia variety.
Champoeg | Multhomah Dystic Fine-loamy | Torrentially cross- Weli drained coarse
Xerochrept bedded gravels and | soils.
sands. Reflects
Glacial Lake
Missoula flooding.
Winkle Malabon Pachic Ultic Fine Primarily vertical Rarely flooded, well
Asgixeroll accretion deposits. drained, wide ctop
Associated with vaniety.
modern drainage.
Siflon Andic Medial over | Gravelly alluvium Andic properties
Xerumbrept sandy and volcanic ash.
Labish Cumnulic Fine Muck and peat in High organics and
Humaquept ponded areas, phosphorus
Phosphorus sink.
Ingram Chehalis Cumulic Ultic | Fine-sitty Vertical & lateral Fioeding
Haploxeroll aceretion deposits.
Infrequent flooding.
Lacks Bt soil horizon.
Horseshoa | Camas Fluventic Sandy- Essantially lateral Frequent flooding
Haploxeroll skeletal accretion deposits.
Lacks diagnostic soil
horizon.

may be locally derived from the Paléosol and the
saprolite of the Spencer Formation, underlying the
High Dolph. Thickness of the Greenback member on
the Brateng surfaces was reported to vary from 90
cm at lower elevations to less than 30 cm near the
upper boundary. In the Airlie Hills, the author,
using soil pits auger transects and mapping, corre-
lated the Greenback Member to occur on the Lower
Brateng surface with an average thickness of about
38 cm. It contains erratics.

The Dolph Corner erratics, therefore, are not
consistent with the Glassman, Brown, and King
(1980) and-Glassman and King (1980) interpreta-
tions. Further investigations are needed to deter-
mine if the true High Dolph occurs at the Dolph type
locality and if the erratics at that locality are older
than the Greenback surface. Perhaps the Dolph type
locality should be redefined as the Brateng surface,

which is characterized by the presence of late Pleis-
tocene erratics and the Greenback Member, both of
which are associated with Glacial Lake Missoula
flooding. Because of the elevation (76 m), the pres-
enceof a Greenback like onlap, and the erratics, this
author believes that the Dolph type locality is what
Glassman, Kling, and Brown (1980) include in the
Brateng, and it probably represents the Low Brateng.

Understanding the Erratics

Understanding the age of the erratics in the
Willamette Valley would greatly help in our under-
standing of the age of the associated depositslike the
Greenback Member, The erratics have been re-
ported in Balster and Parsons (1968) to occur mostly
above 76 m in elevation, such as those that occur at
Dolph Corners. However, many erratics are as hi gh
as 122 m, as described by Allison (1953), or with the
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Figure 1. Generalized cross section of geomorphic surfaces at about the 45°latitude
of Salem, Oregon. Subsurface distribution of Linn and Leffler/Lacomb Gravels
shown here is speculative. Modified from McDowell (1991).

associated Greenback Member as described by
Glassman and Kling (1980). Allison's (1935) original
work reported no erratics lower than 30 m in the
mainvalleybutsome aslowas 10.5 min the Portland
area. Dozens of erratics locations are shown below
76 m and only rarely are erratics described at the
maximum elevation of 122 m.

According to Allen et al. (1986), one small group
of six boulders on Judkins Point east of Eugene
cecurs at an elevation of 198 m. It is assumed that
these particular erratics are on the Eola surfaces
rather than on Dolph Surfaces. Allen et al. (1986),
attribute these high erratics to Indian transport, but
anold Lake Missoula flood origin is also a possibility.
Taken collectively, the data shows that erratics
occur at various elevations above 30 m in the main
valley, and they could be represent several different
glacial Lake Missoula floods, rather than just the
highest flood.

In general, the erratics range in size from small
pebbles to boulders. They are composed of granites,
granodiorites, gneisses, quartzites, achist, argillites,
and phyllites. Allison (1935, 1936) noted at least 300

occurrences of erratics in the Willamette Valley.
According to Allen et al. (1986), probably fewer than
50 of the erratic boulders still exist today.

The erraticrocks all require some outside source.
Since the Willamette Valley lacks late Pleistocene
continental till and associated outwash, and areasto
the north show the definite presence of unmodified
(by glaciers) Pleistocene non-glacial soil, it seems
unlikely thattheerratics werebroughtinbygladers
from the north. Allison (1935) related the erratics -
and the Willamette Silts, to be discussed later, to
surges of glacial meltwater. This happened when
the ice dams at the mouth of the Clark Fork River in
Montana failed on different occasions, releasing the
flow of Glacial Lake Missoula, tocreate the “Spokane
Floods,” between about 15 ka and 12.8 ka years
before present (Allen et &l., 1986).

The “Spokane Flood” (Bretz, 1919) was later
named the “Missoula Flood,” when the Montana
Lake source for the flood water was discovered. It is
commonly published (Allen et al,, 1986) that, be-
tween 15 ka and 12.8 ka years ago, there were as
many as 40 “Missoula Floods”, so the term “floods™ is
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now the common reference to these events. The
floods between 15 ka to 12.8 ka years ago have been
renamed the “Bretz Floods” (Allen, et al., 1986). The
rest of this paper uses the term

“Bretz Floods" for those between about 15 ka and
12.8 ka, years ago and “Ancient Missoula Floods™
(Burns and Cordio, 1992) for the earlier glacial
meltwater events.

(etz i

Allison (1978) believed that the “Bretz Floods”™
caused backflooding into the Willamette Valley in
two ways, First, an aggradation of “Bretz Floods”
sediments along the Columbia River in the Portland
Basin(i.e.,essentiallyatthe mouthofthe Willamette
River and downstream) caused diversion of the
Columbia River flood flows into the Willamette
Valley and tributaries. This early phase was attrib-
uted mainly to repeated failure of the glacier dam at
Pend Oreil, Idaho, and many evacuations of Glacial
Lake Missoula, and was estimated to take place over
a long period of time (Allison 1978). These floods
resulted in 75 m of deposition, called the Portland
Gravels and later the Portland Sands (McDowell,
1991).

In a later part of the first phase of flooding, the
Columbia River was to have transported mostly
sand and silts, when the flood flows were diverted
into the Willamette Valley, crossing the Portland
Sands and depositing sands and coarse silts in the
lower Willamette Valley and progressively finer silts
to the south in the upper valley,

Allison (1978) believed a second phase of “Bretz
Floods” was short lived. Hydraulic or ice damming
on the Columbia River downstream from Portland
allowed slackwater in the WillametteValley toreach
122 m. The flood flows in this short event are to have
caused extensive scour of the aggradation delta at
the mouth of the Willamette River and created new
bouldery gravel and plane-bedded sand beds where
the glacial flood flows entered the northern
Willamette and Tualatin Valleys.

This author believes that these coarse-textured
deposits are the materials in the Champoeg surface
described by Balster and Parsons (1986).

“ay . ]

Allen et al. (1986) noted that the cross section of
the Columbia River to transport the “Bretz Floods”
at Kalama Gap, downstream from Portland, is 76
percent of that at Crown Point, upstream from
Portland. They concluded that the reduced cross
section, the significant elevation drop and gradient
change from Crown Point to Portland, the time span

of flow, and the velocity of the “Bretz Floods" flows
were sufficient to produce a hydraulic backwater
effect at Kalama Gap and force the “Bretz Floods”
into the Willamette Valley.

Anhydraulicdam interpretation certainly seems
reasonable for diverting Glacial LakeMissoula flood-
watersintothe Willamette Valley, especially if viewed
in context with evidence for the large amount of
aggradation in the Portland Basin at the mouth of
the Willamette River. Since several “floods” were
associated with the failure ofthe glacial dam at Pend
Oreil, Idaho, even the first-phase floods of Allison
(1978) are likely to have carried icebergs and river
ice to jam up the Columbia River (i.e., reduced
capacity) and to divert glacial floodwaters into the
Willamette Valley.

In other words, aggradation (along the Colum-
bia River in the Portland Basin) is not the only
method to reduce river capacity and cause the gla-
cial floodwaters to be diverted into the Willamette
Valley. Reduced capacity, due to theice either at the
main aggraded area near the mouthofthe Willamette
Valley, or further down the Columbia at Kalama
Gap, could give rise to numerous and extended
backwater ponded periods, and the ice effect would
be to increase aggradation and associated periods of
ponding.

Because the one cause (aggradation)leads to the
other (river ice and ice jams) and vice versa, a two-
stage concept is unnecessary toexplain the different
floods, even to explain the different textured units
such as the Irish Bend and Malpass Members which
I discuss later. Obviously some flood backwater was
higher than at other times, and quite probably the
latest flooding that put the Greenback Member type
sediments up on the Brateng geomorphic surface
represents the highest events. It also seems reason-
able that the icebergs are the likely source to trans-
port the erratics into the Willamette Valley, at
various times, and up across geomorphic surfaces to
the High Brateng.

“Bretz Floods” Dyration

Allen et al. (1986) assumed that each lake cre-
ated in the Willamette Valley by a “Bretz Flood™ only
lasted a few days or weeks. This conclusion is based
on their concern that there needed to be hundreds of
icebergs transporting erratics to the over 300 locali-
ties, and those that had to float the one hundred or
more kilometers up the valley to reach their destina-
tions, must have been carried on the first surge or
they would have melted. A reasonable alternative
conclusion is that the erratics were brought by a
variety of different “floods” of different magnitude
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(i.e., flood height), age, and length of ponding, and a
first-surge concept to account of all erratics at the
same time is unnecessary.

nizing “Ancient Missoula Floods”

Bretz (1969) who did most of the pioneering
work studying the Lake Missoula created “floods”
and the channeled scablands, suggested that there
were seven or eight floods but that the last was the
most distinct, with water surface elevations up to
about 122 meters, based on the erratics. Recent work
by Busacca (1991) noted that many giant floods in
the Columbia Basin predate the traditional dates
{given as between 17 ka and 12 ka) for the last
episode of scabland flooding.

Busacca (1989, 1991) indicates that the loess,
paleosols, and tephrasin the Palouse area of eastern
Washington, rather than the flood deposits them-
selves, may have the most complete record of the
history of flooding on the Columbia Plateau caused
by Glacial Lake Missoula. The Palouse is downwind
of the channel scablands and contains numerous
paleosols and buried ash deposits.

Foley (1982) has developed a concept that loess
deposition and the associated soil development were
controlled by episodesof floeding (i.¢., like the glacial
Lake Missoula “floods™) and that the times of glacial
recessionand interglaciation were times of sediment
supply with rapid loess deposition. Conversely, times
of glacial advance and glacial maxima were times of
relative stability and soil development. According to
Busacca (1991), the record in the loess fits this two-
phase model for at least the last 36,000 years.

More recent work by Busacca (Personal Com-
munication, February 1992), pushes the two-phase
model concept back to about 50 ka to 60 ka years.
This is based on Mount St. Helens, Set C tephra
being this old. The Cordilleron glaciation occurring
after the 50 ka to 60 ka yrs. interstadial associated
with the “Ancient Missoula Floods™ is the Bull Lake
Glaciation, estimated to be greater than 32 ka years
(Richmond, 1965). Recent studies reported by Moody
(1989) of mineralogy and tephra chronology (espe-
cially Mount St. Helens Set C tephra) in the
Willamette Valley suggest that the GreenbackMem-
ber correlates with the larger (17ka- 12kayrs.) flood
sediments, and the Irish Bend Member in the
Willamette Valleyis similar tothe“Ancient Missoula
Flood™ sediments of the Channeled Scablands of
Washington. This author generally agrees with this
interpretation.

The loess records of the earlier floods should
have comparable deposits and paleosols in the
Willamette Valley. This author has observed as

many as three palesols in the Irish Bend Member,
but none have been dated. Understanding the age
and distribution of Mount St. Helens Set C tephra
(36-37.6kainSarna-Wojcicki and others, 1991 or 50
ka to 60 ka yrs. Busacca, Personal Communication,
February 1992) in the Willamette Valley will help
explain this issue. A tephra in the Irish Bend Mem-
ber at the type locality may fit Mount St. Helens Set
C, based on stratigraphic position.

ilamette Formatio

The Willamette Formation includes the Green-
back, Malpass, Irish Bend and Wyatt Members.
Understanding the stratigraphy of the Greenback
Member and underlying deposits will help us to
placetheearlierflood eventsin perspective, McDowell
(1991) covers the work of Trimble (1963), Schlicker
and Deacon (1967), Roberts(1984), and Waitt (1985)
on the lower stratigraphicunits and I will not repeat
it here. However, I will describe for the Willamette
Valley the stratigraphy of the deposits, called
Willamette silts and laterredefined asthe Willamette
Formation.

Allison (1953) redefined the Willamette Silts
{previously defined by Treasher, 1942} to apply to
parallel bedded sheets of silt and associated materi-
alsthat cover mostofthe Willamette Valley lowland.
Allison noted that erratic particles from chips to
boulders were included in the silt. Balster and
Parsons(1969), primarily using studies in the upper
Willamette Valley, proposed that the Willamette
Silts be renamed the Willamette Formation and
consist of four units which, from top to bottom, are
called Greenback Member, Malpass Member, Irish
Bend Member, and Wyatt Member. With the excep-
tion of the Wyatt Member, the units have a type
section along the Willamette River at Irish Bend in
Benton County.

Greenback Member

The Greenback Member (Figure 1)is a surficial
deposit predominantly of silt-sized quartz and
feldspars and sand-sized, iron-manganese oxide con-
cretions (Balster and Parsons, 1969). Also common
near the base of the unit are pyroclastic materials,
interpreted by petrographic study to be Mount
Mazama tephra (Norgren, 1962). The Greenback
Memberincludes the Aand E horizons of the Dayton
soil profile. In addition, it includes the topsoil of the
Amity, Woodburn, and Willamette soils and the
topsoil of all soils on the Brateng Surfaces.

Association of the Greenback Member with the
“Bretz Floods" (15 ka to 12.8 ka yrs.) deposits places
the Greenback at about the same time that volcanic
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ash was being deposited from Mount St. Helens Set
S tephra as well as tephra from Glacier Peak. The
ash plume from Glacier Peak, however, probably
had less influence than Mount St. Helens Set S
(Porter, 1978). Mt. St. Helens Set S has a date of 13
ka yrs. (Busacea, 1991), and Glacier Peak, 12 ka yrs.
(Fryxell, 1965). Both of these ash falls could have
occurred when a ponded water body remained from
glacial meltwater.

However, even if the ash fall occurred after
ponding, deposition of ash on the valley floor could be
expected from watershed runofl. Either of these
alternatives could be significant enough to reflect
the ash influence in the Greenback Member. The
much later Mount Mazama tephras (about 6.6 ka
Fryxell 1965; or 7.0 ka, Bacon 1983} also should be
reflectedin the A horizon ofthe Greenback Member,
as the edge of the Mount Mazama plume would have
crossed the Willamette Valley (Fryxell, 1965).

Malpass Member Characleristics

The light gray silty Greenback Member
unconformably overlies the massive gray clay
Malpass Member (Figure 1} in large areas of the
Calapooyia,Senecal, and Bethel Surfaces,buteither
member is locally absent from the sequence. The
Malpass Member has an irregular thickness and in
many locations appears to have been deposited in
depressions and drainageways. It is the 2Bt horizon
of the Dayton soil profile. The upper part of the
Malpass Member, in general, is very flat lying, but,
in local areas, scour channels are apparent on top of
it.

The Malpass unconformably overlies the Irish
Bend Member (Figure 1), as evidenced by its broad
extent beyond the limits of the Irish Bend Member,
to also overlie the sandy Wyatt Member of the
Willamette Formation, or the lower lying Diamond
Hill or Linn Members of the Rowland Formation. In
other words, the lake area to deposit the Malpass
Member was broader and required higher flood
height than the lake that existed when the underly-
ing Irish Bend Member was deposited. In addition,
remnants of illuviated clay commonly occur in the
upper few feet of the underlying Irish Bend Member,
suggesting that earlier development of a soil profile.
This soil profile was removed partly before deposi-
tion of the Malpass and Greenback Members.

Malpass Mermber Origin

The gray clay Malpass Member has been argued
tobe an estuarine deposit(Condon, 1871,and Balster
and Parsons, 1968, 1969) or to represent glacial
meltwater deposits(Allison, 1953,1978,and Allen et

al., 1986). This author agrees that its origin is from
the glacial meltwater or other flood sediments and
considers the Malpass Member texture, thickness,
and extent as evidence of slow deposition of fines in
a flooded (ponded) Willamette Valley.

Itis reasonable to assume that scour of the Irish
Bend Member and its soil profile, which occurred
when glacial meltwaters entered the valley, caused
high sediment concentrations in the lake water. The
lake deposits (i.e., Malpass Member) thus should
represent a fine-textured unit even without the
contribution of fine-textured particles from other
sourees.

Where the Malpass Member is found in the
tributary valleys in the Willamette Valley, the lake
sediments are likely to reflect a large organic rich
phosphorus sink, because of the sediment contribu-
tions from the surrounding landscape to the lake.
This is quite apparent in the Tualatin Basin, as will
be explained later. .

Erosion ofthe fine-textured soilsonthe Brateng,
High Dolph, and Eola surfaces, along with erosion of
claystones and siltstones and Tuffs of the Spencer
formation, could have added large quantities of
locally derived fine-textured sediment to form the
Malpass Member. For example, the gray clays com-
monly associated with Helmick (very-fine, mixed,
mesic Aquic Xerochrepts) and Hazelair (very-fine,
mixed, mesic Aquic Haploxerolls) soils, found on
High Dolph and High and Low Brateng surfaces,
could have been a major source for the Malpass
Member in the upper Willamette Valley. The land-
scapes where these soils occur havebeen extensively
eroded and truncated, and the finer textured soils
frequently occur as elongate side-valley alluvial
channels.

In the lower Willamette valley, the Mayger
(clayey, mixed, mesic Aquic Haplohumults) soil on
the Eola landscape, eroded in shale, also could be-a
partial source for the clay in the Malpass Member.
The thickness of the Malpass Member may reflect a
long period of high runoff conditions, as well as an
extended period of ponding.

One other possible source of fine-textured sedi-
mentislittle researched: the fine-textured sediment
from a “Bonneville Flood” that could have come into
the Willamette Valley in Late Pleistocene time. A
“Bonneville Flood" resulted from a catastrophic out-
flow from Pleistocene Lake Bonneville, when the
Lake overtopped its rim at Red Rock Pass in South-
eastern Idaho and discharged down the Snake River,
and eventually the Columbia River. Jarrett and
Malde (1987) estimate the volume of water released
was 4,700 Km?, and the paleodischarge peak at mile
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460 on the Snake River was 935,000 m?/s. This
discharge is higher than modern flood records (1927,
70,010 m®/s, Mississippi River) but small compared
tothelargestdischarge at the Lake Missoula breakout
estimate (about 21,300,000 m?/s).

Research has not considered what should be
expected as a discharge and sediment load from a
commingled “Bonneville Flood" and “Missoula Floods™
at the mouth of the Willamette Valley. The time of
the “Bonneville Flood” varies from 18 ka to 14 ka yrs.
{(Morrison, 1991). This coincides with early “Bretz
Floods,” when ice jams or other sediment obstruc-
tions could have caused backflooding into the
Willamette valley, or commingled “Bretz Floods”
and a “Bonneville Flood.”

By the time the “Bonneville Flood" passed down
through the Snake and Columbia rivers, most sedi-
ment particle sizes would have dropped out, so high
concentration of fine-textured particles would be
expected in the suspended sediment discharge. The
mineralogy of the Malpass should reflect the combi-
nation of sediment from “Bretz Floods,” “Bonneville
Flood,” and eroded fine-textured soils and rocks in
the Willamette Valley.

Irish Bend Member

Balster and Parsons (1969) describe the Irish
Bend Member as including only the faintly bedded
micaceous silts part of the Willamette Silts. These
overliethe Wyatt Member, which is described (Balster
& Parsons, 1969) as brown to yellowish brown sands
to clayey silts that occur as elongate lenses (possibly
filled old channels) from zero to 3 m (10 ft) thick.

Disagreement exists about the origin and age of
the Willamette Siltsor the associated Irish Bend and
Wyatt Members. The Irish Bend represents the
typical Willamette Silts, as Allison (1953) described.
However, texture varies from coarser, more dis-
tinctly bedded facies in the lower Willamette Valley,
to finer in the upper Willamette Valley. Disagree-
ment also occura over whether each rhythmite bed
reflects a separate flood event on the Columbia River
{Glenn, 1965; Allison, 1978) or whether several beds
could be emplaced during a single flood by hydraulic
surges (Baker and Bunker, 1985).

Part of the debate centers around similarities of
the Irish Bend to the Touchet Beds in southeastern
Washington, and how to interpret the meltwater
deposition of the Touchet Beds. Waitt (1985) dis-
cussesthisrelationship. When Waitt'sTouchet depo-
sition sequence and time frame is applied to the
Willamette Valley, not enough time (2,000 to 3,000
years for the entire Willamette Formation)exists for
the multiple events of deposition and soil develop-

ment found in the Willamette Valley (McDowell,
1991). However, using the multiple flood concepts
presented in Busacca (1989, 1991), the Willamette
Formation is consistent with the multiple floods
apparent in the Touchet and other flood-deposited
beds in southenstern Washington.

The time frame of the earlier catastrophicflood-
ingin the Willamette Valley (50ka to 60ka, Personal
Communication, Busacea, 1991), does not exactly fit
the Irish Bend in the Willamette Valley, based on
some correlated radio carbon dates. Dates from
Roberts, reported in McDowell (1991) correlated a
paleosol studied to the Diamond Hill Member(which
directly underlies the Wyatt Member). The paleosol
was dated 28.5 ka and 34.3 ka yrs. (near top) and 36
ka yrs. (near bottom), making the Irish Bend and
Wyatt Members younger.

This author believes that at least part of the
Irish Bend is older than the Roberts dates, because
his dates arein conflict with the Balster and Parsons
(1969) dates for the Diamond Hill Member, which
they stated to be beyond reach of C-14 dating at that
time (>40 Ka yrs.). In other words, the correlation by
Roberts to the Diamond Hill paleosol is incorrect.

w mber

No exposures of the Wyatt Member have been
found in the Willamette Valley. It is composed of
sandy and silty alluvium, considered by Balster and
Parsons (1969) to be of local origin. The coarse grains
are predominantly basalt and the unit is weakly
cemented.

Diamond Hill Member

The Diamond Hill and the lower lying Linn
Member (Figure 1) make up the Roland Formation.
These are uncomformable, separated from the
Willamette Formation. The Diamond Hill Member
is 2 to 3 meters thick and varies from sand to clay. -
Pebbles typically are coated with clay. A clayey
paleosol commonly occurs in the upper part of the
Diamond Hill. Parsons and Balster (1969) dated
wood from the Diamond Hill Member and found the
samples to be beyond reach of C- 14 dating at the
time (i.e., about 40,000). Glassman, Brown, and
Kling (1980) state the Diamond Hill Paleosol ex-
tends, beyond the boundaries of the Calapooyia,
Senecal, and Bethel surfaces, crosses the Brateng,
and is equivalent to the paleosol on the High Dolph
previously described.

Linn Member
The Linn Member underlies the Diamond Hill
Member. It consists of & cross-bedded gravel com-
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posed predominantly of intermediate and mafic ig-
neous rock pebbles and cobbles. It ranges in thick-
ness from 5 to 70 m (Mc Dowell, 1991). These cross-
bedded gravels, withlocally cross-bedded sand lenses
and pumice grains, are a redefinition (Balster and
Parsons, 1969) of the Linn Gravel (Allison, 1953).

Glenn (1965) reported a date of 34. 4ka yrs.ona
gravel deposit near River Bend. McDowell (1991)
discusses this date as being from the Linn Member.
However, Parsons, Balster, and Ness, (1970) report
the Glenn site to be in gravels beneath the Winkle
surface, rather than beneath the Senecal or
Calapooyia surface. As will be explained later, 1
consider Glenn's (1965) gravels to be reworked Linn
age (pre 34.5 ka) gravels rather than gravels associ-
ated with incision and deposition in Winkle time.

TheLinn Member gravelsare generally mapped
(Bela, 1979; Gray and Throop, 1981) as part of the
Quaternary middle terrace deposits (Qtm) in the
Willamette Valley. However, occasionally these grav-
els are mapped as a separate unit (Qlg) in the
Stayton, Turner, Salem area, where they are called
Linn gravel and are characterized as stratified fine
to coarse fan gravels (Bela, 1981).

acomb {effler Gravels
The Linn gravels are not the oldest gravels in
the Willamette Valley, asreported earlier. The Leffler
gravels are older, and they overlie the Lacomb
gravels. As previously mentioned, the Lacomb and
Leffler gravels occur high in the landscape beneath
Dolph and Eola surfaces. These weathered gravels
described by Allison (1953) and by Piper (1942),
Volkes(1954), and Balster and Parsons(1968), occur
up to an elevation of about 112 m (Allison, 1953) in
the central Willamette Valley. The Lacomb and
Leffler units commonly are referred to as High
terrace deposits (Qth) (Bela, 1979, 1981; and Gray

and Throop, 1981),

{ Dol

I have found the same step sequence and visu-
ally correlated river valley surfaces equivalenttothe
Willamette Valley three Dolph surfaces (High Dolph
and High and Low Brateng) in Tillamook, Curry,
Deschutes, and Douglas Counties in Oregon and in
Kittitas County Washington. I consider the Silver
Butte, Pioneer, and Cape Blanco coastal marine
terracelevelsin Tillamook and Curry Counties to be
equivalent to the High Dolph and High and Low
Brateng surfaces found in the river valleys in those
respective areas,

The Silver Butte marine terrace near Cape
Blanco in Curry County has an estimated age of 125

kayears(Kelsey, 1990). The Pioneer surface at Cape
Blanco (Kelsey, 1990) and at Cape Arago (Mclnelly
and Kelsey, 1990) in Curry County, Oregon, has
been dated 105 ka years before present (MclInelly
and Kelsey, 1990). In other words, based on gross
correlations of riverine geomorphic surfaces and
coastal marine terraces, the High Brateng without
the external glacial meltwater deposits has an esti-
mated age of 105 ka yrs.

Winkle
Geomorphic Surface

The stratigraphy of the alluvial stream terraces
named Winkle (Figure 1) reflect the main stem and
tributary drainage systems in the Willamette Val-
ley. Before construction of fleod control dams in the
upper Willamette Valley, both High and Low Winkle
components probably were flooded by the 100-year
to 500-year flood events (Reckendorf, 1973).

As an old flood plain surface, the Winkle stratig-
raphy reflects gravelly to sandy vertical accretion
deposits, that are overlain by silty vertical accretion
deposits. Little geomorphic surface evidence exists
of an old flood plain on the High Winkle; but an old
bar and old channel topography is common on the
Low Winkle, in the Willamette Valley. This author
has observed a similar topography in other areasin
the western United States where the equivalent to
the Winkle surface can be found.

The Linn grave] is common beneath the Winkle
surface because of lateral scour during Winkle time.
However, the Linn gravel is much older and does not
reflect the lateral aceretion deposits of Winkle time.

Truncation of Linn Gravels

After the last episode of “Bretz Floods,” repre-
sented by deposition of the Greenback Member,
extensive downcuttingby streamsin the Willamette
Valley occurred as the drainage channels that we
see today were developing. The upland, and prima-
rily the capping Greenback Member, was being
severely eroded as base level dropped. This
downcutting in the Willamette and its tributaries
truncated the Greenback, Malpass, Irish Bend,
Wryatt, and Diamond Hill Members and cut into the
Linn Member, This truncation is younger than the
deposits it crosses.

Parsons and Balster (1969) noted that Diamond
Hill Member above the Linn Member was beyond
reach of radiocarbon dating (about 40 ka yrs.).
Therefore, the upper gravel at the Glenn (1965) site,
which was called Linn Member gravels and was
dated 34.5 ka yrs., probably represents Linn Mem-
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ber gravels that were reworked during the episode
of downcutting, truncation, and redeposition, asthe
stratigraphy of these gravels cannot be younger
than the Diamond Hill member.

The Linn Member certainly was reworked by
lateral cutting of the Winkle channel and therefore
commonly occurs beneath the Winkle surface. How-
ever, the true Winkle gravels, as will be explained,
are only about 12 to 13 ka yrs. old. Traditionally, the
true Winkle gravels are not separated in mapping
but, instead, lumped (Bela, 1979; and Gray and
Throop, 1981) with the Linn Member and mapped as
part of the Quaternary middle terrace deposits
(Qtm) in the Willamette Valley.

Age and Winkle Gravels

Work along the Luckiamute Riverin Polk County
(Reckendorfand Parsons, 1966)determined that the
argillic horizon of the Malabon soil profile under the
Winkle surface has an age of 5,280 + 270 yr. Wood
fragmentsin sandy clay loam sediments that are 543
cm deeper dated 10,850 + 240 yr. (Date by Isotopes
Inc. I-1564). Organic rich sediments from about the
same level also have been dated 10,490 + 240 yrs.
(Date by Isotopes Inc. 1-1563).

The sandy clay loam sediments extended to a
depth of 772 cm. Below this deep sequence of fine
textured vertical accretion deposits, the lateral ac-
cretion deposits of the true Winkle gravel are en-
countered at 813 cm. These Winkle gravelsalong the
Luckiamute or in the main valley are not exposed to
any great extent, so they are not well characterized.
The Winkle gravels along the Luckiamute Valley
were observed by this author, at the dated site, to
have a median size of about 1.9 ¢m (0.75 inch).

Fine-Textured Character

We should expect the Winkle deposits to be
primarily fine textured. After the 1ast “Bretz Flood”,
the downcutting and erosion of the upland mantle of
the Greenback Member, along with associated ero-
sion of the Malpass and Irish Bend Members on the
Senecal surface, produced large volumes of clay, silt,
and sand-sized sediments for vertical accretion depo-
sition on the flood plain,

In addition, this was happening over a time
frame of tephra deposition from Glacier Peak, Mount
Saint Helens Set S, and Crater Lake eruptions. It is
not uncommon to find tephra from Crater Lake,
Mount Mazama (6.7 ka - 6.8 ka, Sarna-Wojcicki et
al., 1991) in Winkle soils (Green, 1983; Smythe.
1986; Langridge. 1987). In other words, the fine-
textured nature of High Winkle and Low Winkle

surface soils is made even more fine by the pyroclas-
tic deposition of fines that were probably silt-sized.

Lake Beds

Some of the Winkle surface consists of old lake
beds. Lake Labish in the central Willamette Valley
and Jackson Bottom and Onion Flat, along the
Tualatin Valley, are such areas. Peat near the base
of the bog (about 640 cm) at Lake Labish has an age
of 11,000 4 230 yrs. (Glenn, 1965). Peat from 490 cm
below Onion Flat (4.8 km west of Tualatin}has been
dated 12,240 4+ 330 yrs. (Glenn, 1965). Organic
materials associated with the Tualatin mastodon,
taken from beneath the Winlkle surface (a8 corre-
lated by this author} in the city of Tualatin, have
been dated 11,300 yrs. (Tualatin Times, 1992),

As Glenn (1962) stated, Lake Labish is a former
northeastern flowing channel of the Willamette
River, that was diverted because of deposition of a
thick wedge of sand (about 550 cm) near the center
of the abandoned channel. This former Willamette
Channel was considered (Allison, 1978) to be cut off
by the “Bretz Floods” and forced to move west into its
present northerly route. This diversion has also
been described as caused by a natural dam of sand
from Silver, Abiqua, and Butte Creeks that blocked
the original Willamette channel (Orr et al., 1992)

Tualatin Hanging Valley

The Onion Flat and Jackson Bottom Winkle
surfaces have a different ponded historyrelated to a
restricted outlet of the Tualatin Valley in past Senecal
time (Parsons, 1969; Reckendorf, 1973). A drainage
change occurred at the mouth of the Tualatin River
at the time of formation of the Champoeg surface
{Parsons, 1969). Baldwin (1957) and Parsons (1969)
discuss alternative ways for the channel changes
and associated timing.

Regardless of which interpretation is used, the
Tualatin Valley can be interpreted as a hanging
valley from about 6.5 km above its mouth. The
Tualatin Channel above the knickpoint has a wide
Winkle surface (there are some Ingram remnants)
that is frequently flooded. The Tualatin in general
did not widen to form a lower lying Ingram surface
above the 6.5 km point, but instead the Tualatin
formed aflood plain of thick vertical accretion depos-
its.

The continual overbank flooding and ponding
associated with the frequent flooding has prevented
the development of soils typical of the Winkle sur-
face in other areas. With the continual renewal of
additional alluvium since the start of Winkle time
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(12.2 ka yrs.), an alluvium high in organic matter
and nutrients (phosphorus, nitrogen, etc.) has accu-
mulated, and soil development has been retarded.
During early Winkle time, essentially complete
ponding (i.e. a lake) occurred, as evidenced by the
muck and peats dated 12.2 ka yrs. at Onion Flats,

Gravelly Components
In contrast to the predominantly fine-textured

nature of the common Winkle surface in the
Willamette Valley, representative areas of Winkle
surface show gravelly material as the primary strati-
graphic unit. These deposits are interpreted as
alluvial fans of Winkle age or deposits of braided
streams. They are common in Linn and Marion
Counties (Williams, 1972; Langridge, 1987).

Ingram
Stratigraphy and Geomorphic Fealures

The stratigraphy of the High Ingram and Low
Ingram surfaces is a mixture of lateral and vertical
accretion deposits of variable thickness. These de-
posits vary from loamy sand to silt loam. These tend
to reflect channels, longitudinal bars, point bars,
meander scrolls, sand splays, and natural levees
(Reckendorf, 1973). Vertical accretion deposits tend
to occur in old channels, oxbows, oxbow lakes, and
backswamp areas.

Sometimes super-elevated flows (flows well above
the channel flood flows that occur on the outsides of
the river curve or in old channels away from the
river bank) produce deposits above the normal level
of the flood plain, These are common along the
Ingramsurfaces and couldbe interpreted asa higher
geomorphic surfaces, if not viewed in the context of
superelevated flow.

The High Ingram is older and shows fewer of the
geomorphic features listed, than occur on the Low
Ingram. The High Ingram also has more of the well
drained silty soils, because of thicker and broader
vertical accretion deposits over the lateral accretion
deposits.

Minealogy and Age

According to Balster and Parsons {1968), the
mineralogy of the Ingram sediments reflects more of
the sedimentary rocks of the Coast Range and
Cascade Mountains. In other words, there is less
influence of the reworked Greenback Member that
is the common source for the Winkle sediments. The
Ingram surface in the Willamette Valley has been

assigned and age by direct correlation to the

Luckiamute surface. It has been radiocarbon dated
ranging from 3,290 + 120 yrs. to 555 + 100 yrs.
(Balster and Parsons, 1968).

Herseshoe
Geomorphic Features

The Horseshoe surface is made up primarily of
channel bars, point bars, and meander seroll lateral
accretion deposits. There may be as many as two
Horseshoe levels, but much of the difference may be
related to superelevated flow deposits previously
discussed or to pre-dam versus post-dam flood depo-
sition.

ti

Horseshoe stratigraphy varies from gravel to
silt loam in texture, and annual flooding of most of
the surface results in continual alteration. Dam
construction probably has altered the flood height
and duration of flooding on the Horseshoe, as well as
the texture of the deposition. This has contributed to
increased growthofriparian vegetationifnot cleared
for streamside activities. Metallic artifacts are found
in the surface alluvium, so the geomorphic surface is
thought to have formed in post-settlement time
(Parsons, Balster and Ness, 1970).

Soils Characteristics and Interpretation

Summary of Typlcal Solls

Table 2 shows typical soils representative of
different geomorphic surfaces in the Willamette
Valley. It also shows an abbreviated stratigraphy for
the surface, relative age, and abbreviated eoil inter-
pretations. For all of the surfaces to be discussed,
understanding the geomorphic history of the sur-
face, and its deposit, helpsinidentifying appropriate
soils differences between geomorphic surfaces. This
understanding then aids in mapping and in making
associated soil interpretations. '

Eola

Soils on stable upland pediments and ridgetops
on the Eola geomorphic surfaces are usually red or
yellowish red Haplohumults (Green, 1983, Smythe,
1986, Langridge, 1987) (Table 2). These Ultisols
exhibit the most advanced stages of weathering and
leaching of bases in the Willamette Valley. They are
relict paleosols that have been stated to be equiva-
lent to the Diamond Hill Paleosol (Smythe, 1986).

The Jory, Nekia, and Bellpine soils occur at
elevations below 366 M and have a xeric moisture
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regime. Honeygrove and Peavine soils occur above
366 M and have a udic moisture regime. These
upland soils may have upslope contributions of side
valley alluvium or of external eclian deposition.

Occasionally, as in Multnomah County, there is
evidence of glacial meltwater deposition over the
Haplohumults on Eola, so that the Haplohumult is
found as a paleosol (Green, 1983). This unusual
situation probably occurred because of very high
backwater associated with hydraulic damming and
ice dams during the “Bretz Floods” and possibly
during the earlier “Ancient Missoula Floods.” These
high backwater levels would have dropped rapidly
once flood waters entered the Willamette Valley and
tributaries, so comparable Eola surfaces immedi-
ately south of Washington and Clackamas County
are not known to have the glacial erratics and
probable flood water deposits on Eola surfaces.

The rolling topography of the Eola surfaces,
whose pediments and ridge tops are characterized
by fine textured Haplohumultsoils(Bacona, Bellpine,
Jory, Nekia, and Honeygrove), provides the setting
for the most erosive conditions in the Willamette
Valley. Sheet and rill and ephemeral gully erosion
are comnmon if the vegetative cover is removed or is
sparse. The associated Fragiumbrepts (Cascade and
Goble) in the northern Willamette Valley also have
a high potential for sheet, rill, and ephemeral gully
erosion because of the impermeable fragipan and
proximity to steep side slopes.

Andic properties of the Goble (Medial, mixed,
mesic Andic Fragiumbrept) soil cause the runoff
waters to be higher in soluble phosphorus than non
andic soils such as Melby (Fine, mixed, mesicUmbric
Dystrochrept) and Olyic (Fine-loamy, mixed, mesic,
Typic Haplohumult) (Personnel Communication,
Dr. Mary Abrams and Dr. Wesley Jarrett, Oregon
Graduate School, 1992). The sediment associated
with the runoff from soils with andic properties also
is expected to be higher in sediment-bound phos-
phates. This creates downstream water quality prob-
lems in the slow moving and ponded areas like the
Tualatin River and its flood plain.

Because of the history of ponding throughout
Winkle time, and earlier during Malpass time, areas
like the Tualatin Valley have become large phos-
phate sinka. Consistent with research evaluation of
the effects of land use on phosphorus transport
(Vaithiyanathan and Correll, 1992), soils with andic
properties and higher soluble phosphorus in runoff’
areexpected to have even highersoluble phosphorus
inrunoffif they are cultivated orlogged and left bare
(i.e., higher runoff and erosion).

High Dolph

Soils on the redefined High Dolph pediments,
ridgetops, and saddles have a sequence of soils on
saprolite, bedrock, or weathered gravels (Table 2
and Figure 1). Side valley alluvium or other external
depositional units may overlie the reddish to brown-
ish paleosol of the Fragixeralfs or Haploxeralfs,
which is similar to the deposition on the Eola sur-
face.

The weathered loamy gravel that underlies the
Dolph surface in Multnomah County (Green, 1983)
is derived from the Troutdale Formation, whereas
further south in Linn County (Langridge, 1987) the
deposits below the discontinuity are Lacomb and
Leffler gravels mapped as Salkum soil (Clayey,
Kaolinitic, misic, Xeric Haplohumult). Soil interpre-
tations given forthe Eclaunitapply toalesserextent
to the true High Dolph unit. The area of concern is
much smaller, and the slopes are less steep.

Brateng

On the Brateng pediments (Table 2 and Figure
1), glacial flood sedimentsoverlie areddish to brown-
ish paleosol over saprolite or bedrock. The soils are
classified as variants because of the thickness of the
Greenback Member over the paleosol for both the
Willakenzie (Fine-silty, mixed, mesic, Ultic
Haploxeralf} and Helmick (Very-fine, mixed, mesic,
Aquic Xerochrept) soils. Helmick soil can be found in
a channel shaped cross-section with an elongate
surface expression.

The soil variability is great on the High and Low
Brateng, reflecting the complexity of the landscape
development. The flood sediments can occur on the
residual soil profile, or side valley alluvium can
occur over the paleosol (i.e., the flood sediments were
eroded off), or the paleosol can be absent because of
erosion, and flood sediments or side valley alluvium
may rest on saprolite or bedrock. Soil-forming pro- -
cesses have proceeded under all these circumstances.
Therefore, separating the Brateng landscape from
landscapes above and below it can help to expedite
mapping, by acknowledging the potential complex-
ity of the landscape.

Bethel

As discussed in the Geomorphic Section, the
Bethel surface is defined to include the Quad sur-
face, so only the Bethel surface will be discussed in
this section.

The Bethel is made up of depositional units of
the Willamette Formation in which the Malpass and
Wyatt Members tend to be absent. The primary unit
therefore is the Greenback, overlying the Irish Bend
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Members. When this occurs, the resulting soils are
the Willamette Variant and Woodburn. Where the
intervening Malpass member is present, which usu-
ally occurs on opposing side slopes of rounded hills,
then soils with drainage problems such as Dayton,
Concord, or Woodburn can be found. These differ in
depth to and thickness of the Malpass clay and in
landscape position.

Recognization of the Bethel surface can aid in
soil mapping and interpretation because the Bethel
surface implies specific relict soils and their poten-
tial distribution. The agrillic horizons in the profiles
of the Willamette, Woodburn, Willamette-variant,
Amity, Concord, and Dayton soils are products of
late Pleistocene rather than Holocene time
(Gelderman, 1970). Therefore, soil profiles are con-
sidered relict.

Calapooyla and Senecal

The Calapooyia and Senecal (Table 2 and Figure
1) geomorphic surfaces are the next lower deposi-
tional surfaces in the Willamette Valley. If the
Greenback and MalpassMembers are present, which
is the common situation on the Calapooyia surface,
then Dayton (Fine, montmorillonitic, mesic Typic
Albaqualf) soil are mapped. The A and E horizons of
the Dayton are the Greenback Member, the 2Bt is
the Malpass Member, and the 3C is the Irish Bend
Member. However, Dayton soils have sola that
overlie the Diamond Hill Paleosol and bedrock, as
well as the Irish Bend Member. On the Calapooyia
surface where the Malpass Member pinches out, the
combination of Greenback and Irish Bend Members
usually results in Amity (Fine-silty, mixed, mesic
Argiaquic Xeric Argialboll) soils.

The Calapooyia surface lacks relief and surface
drainage compared to the Senecal surface. When
thereis slight drainage development downvalley on
the Calapooyia surface, the Malpass (i.e., 2Bt of
Dayton) will likely be thickest near the bottom of the
swale. As the Malpass Member thins going up the
side of the swale, then Concord (Fine, montmorillo-
nitic, mesic Typic Argiaquolls) soils tend to occur.
However, out of the swale and on the ridge the Amity
s0il tends to occur.

With further drainage development, the Senecal
surface forms. Willamette (Fine-silty, mixed, mesic
Pachic Ultic Argixerolls) soil is well represented on

the Senecal surface where there is moderate relief,”

Where there is less drainage development, Amity
and Woodburn (Fine-silty, mixed, mesic Aquultic
Argixeroll) soils tend to occur. Amity soils on Senecal
are common on ridges with Greenback over Irish

Bend Member, with Malpass alongthe flank on each

side of the ridges. Even though Amity scil has a
winter water table, the soil has sufficient permeabil-
ity that tile drainage is very effective. Therefore,
Amity soil can support a wider diversity of agricul-
ture and less limitation for urban development than
Dayton soil.

Champoeg

The geomorphic episode that formed the
Champoeg surface had-only limited extent in the
Willamette Valley. The deposits associated with the
Champoeg surface consist of torrentially cross-bed-
ded gravel and cobbles and associated boulders.
These deposits are thought to have been formed by
flood waters from Glacial Lake Missoula. Multnomah
(Fine-loamy, mixed, mesic Dystic Xerochrept) soil
has formed in these materials.

Winkle ‘

The soils on the Winkle geomorphic surface
(Table 2 and Figure 1) represent the oldest soil
associated with the present drainage system in the
Willamette Valley. Most soils on the surface are
typical of flood plain vertical accretion deposits of
meandering streams. These vary from the well
drained Malabon (Fine, mixed mesic Pachic Ultic
Argixeroll), to the moderately well drained Coburg
(Fine, mixed mesic Pachic Ultic Argixeroll), topoorly
drained Awbrig(Fine, montmorillonitic, mesicVertic
Albaqualf).

The Winkle terrace has been stable long enough
for the soilslike Malabon to develop amollicepipedon
and have an organic matter and clay distribution
resulting from pedogenic activity rather than depo-
sition. The fine texture of the depositional material
has facilitated the eluviation of clay from the surface
to form a fine-textured argillic horizon, and bases
have been depleted to less than 75 percent of base
saturation (Langridge, 1987).

In some areas the depositicnal alluvium in
Winkle time was quite gravelly. Under these cir-
cumstances, soils such as Clackamas (Fine-loamy,
mixed, mesic Typic Argiaquoll) or Courtney ((Fine,
monmorillonitic, mesic Abruptic Argiaquoll) have
formed. The gravelly depositional materials may
represent aggradation as braided streams rather
than asmeandering streams, andin some areas they
may occur as alluvial fans.

In other areas, the Winkle surface is an old lake
beds or an old channel where peat and muck have
accumulated. Soils such as Labish (Fine, mixed,
mesic Cumulic Humaquept) and Semiahmoo (Euic,
Mesic Typic Medisaprist) have formed under these
conditions. On some areas of Winkle surface where
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primary pyroclastic material of Mt. Mazama agehas
accumulated, Sifton (Medial over sandy, mixed,
mesic Andic Xerumbrept) soil is common (Smythe,
1986).

As previously noted, the Winkle soils are Late
Pleistocene to Holocene in age (about 122 kato 5.3
ka yrs.). At that time, fine-textured materials were
being transported by the meandering streams and
depositing in the flood plains. Also during that time
period, there were several tephra events, especially
during the later part of Winkle time when Mt.
Mazama was erupting.

Pyroclastic material from these eruptions may
have added fine- textured material to the Winkle age
deposits. This happened to both the vertical accre-
tion deposits of meandering streams and to the
lateral accretion deposits along the meandering
stream as well as to the lateral accretion deposits of
braided streams. In other words, the gravel deposits
could obtain fine-textured additions to fill the
intersticies because of ash deposition, both from
primary ashfall and as reworked ash in the water-
shed runoff.

During Winkle time and later several areas
were ponded to form sinks for sediment and nutri-
ents. Substantial complete ponding has occurred on
the Tualatin area Winkle surface, as evidenced by
the presence of extensive areas of peat (Schlicker
and Deacon, 1967) and Labish mucky soils
(Reckendorf, 1973).

The Tuelatin River flood plain appears to have
a long history from about 12.2 ka yrs. to present of
accumulating fine-textured sediment and associ-
ated nutrients. These materials are likely to form a
phosphate sink, and soil sampling and testing has
confirmed the high phosphorus levels. Any erosion
or reworking of these particular materials would
add high natural phosphorus contributions to the
Tualatin River,

Due to the continual renewal of additional allu-
viumn on the Tualatin flood plain over essentialiy the
last 12.2 ka years, soil development was retarded. As
a result, the Chehalis (Fine-silty, mixed, mesic
Cumulic Ultic Haploxeroll) soil lacking B horizons
with clay illuviation formed rather than the equiva-
lent Malabon or Coburg soils that occur on Winkle in
other locations in the Willamette Valley.

Ingram

Otherthan along the Tualatin River, the Ingram
surface has the oldest flood plain soils in the
Willamette Valley without a Bt horizon. Common
soils include Chehalis (Fine-silty, mixed, mesic
Cumulic Ultic Haploxeroll), Cloquato (Coarse-silty,

mixed, mesic, Cumulic Ultic Haploxeroll), McBee
(Fine-silty, mixed, mesic, Cumulic Ultic Haploxeroll)
and Wapato (Fine-silty, mixed, mesic, Fluvaquentic
Haplagquoil).

Soils such as Wapato are poorly drained and
formed mostlyinold channelsloughs and backswamp
areas, As such, they accumulate sediment and are
also phosphorus sinks associated with sediment
deposition. They also provide phosphorus to the
river system through streambank erosion and there-
fore become a phosphorus source. The Ingram soils
have charactenistics that reflect their flood history.

Horseshoe

The soils on the Horseshoe surface include Ca-
mas (Sandy-skeletal, mixed, mesic, Fluventic
Haploxeroll) and Newberg (Coarse-loamy, mixed,
mesic Fluventic Haploxeroll). These soils are form-
ing flood plain deposits and have no diagnostic
horizons. Aggradation is primarily by lateral accre-
tion.

Conclusion

Eola

This paper has used the basic steps sequence of
geomorphic surfaces developed in the late 1960s by
Balster and Parsons (1968) and updated thechronol-
ogy, stratigraphy, and ages using the additional
research of the past 29 years. High surfaces such as
Eola have been described with their relict paleosols
Haplohumults that have been assigned an esti-
mated age of about 200 ka yrs. These highly weath-
ered Haplohumults and the associated
Fragiumbrepts are both highly susceptible to sheet
and rill and ephemeral gully erosion if the vegetated
cover is removed or is sparse. The Fragiumbrepts
with andic properties also are considered to yield
runoff that is high in soluble and sediment bound -
phosphorus.

Dolph

A High Dolph surface has been defined below
the Eola, that has side valley alluvium or eclian
deposits over Haploxeralfs, Heploxerolls, and
Xerochrepts. These soils also have high potential for
sheet and rill and ephemeral gully erosion if the
vegetated cover is removed or sparse. The High
Dolph has an estimated age of 125 ka yrs.

Brateng

The High and Low Brateng geomorphic surface
also have relict palesols, but these are overlain by
late Pleistocene “Bretz Flood” deposits. The High
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Brateng with the paleosol has an estimated age of
105 ka yrs., but the overlying glacial Lake Missoula
Flood deposits have an estimated age between 156 ka
and 12.8 ka yrs. Side valley alluvium is mixed with
the “Bretz Flood" deposits in a unit described as the
Greenback Member. Associated with the Greenback
Member on the High and Low Brateng are glacial
meltwater derived erratics. Soil variability is great
on the Highland Low Brateng, reflecting the com-
plexity of the landscape development.

Bethel, Senecal, and Calapooyla

Belowthe Bratengsurfaceliethe Bethel, Senecal,
and Calapooyia geomorphic surfaces. The Bethel
surface consists primarily ofthe Greenback Member
over the Irish Bend Member, with soils such as the
Willamette variant. The lower lying Senecal geo-
morphic surface, whichis a drainage modification of
the Calapooyia surface, is underlain by a variety of
soils depending on the combination of Greenback,
Malpass, Irish Bend, Wyatt, Diamond Hill, or Linn
Members that are present, .

On the Calapooyia surface, the A and E horizons
of the Dayton soil are the Greenback Member. The
underlying Malpass Member is the 2Bt of the Day-
ton soil, and the underlying Irish Bend Member is
the 3C of the Dayton so0il. The Malpass Member has
not been dated specifically but is estimated to be
older than 12.2 ka yrs. (oldest sediments under
Winkle surface) but younger than 50 ka yrs. (esti-
mated minimum age for Mt. St. Helens Set C te-
phra).

The origin of the Malpass is interpreted tobe a
lacustrine deposit of mixed origin. The possible
sources for the fine-textured Malpass are (1) erosion
of the Irish Bend paleosol and the Irish Bend Mem-
ber; (2) erosion of specific fine-textured, soils, sapro-
lite, and bedrock beneath the Brateng, High Dolph,
and Eolasurfacesduring periedsofhigh rainfalland
runofl; (3) tephra from various volcanic eruptions in
the area; and (4) “Bonneville Flood” deposits, com-
mingled with “Ancient Missoula Flood” deposits.
The author considersthe commingled flood source to
be the predominant source.

The Irish Bend Member beneath the Malpass
and the lower lying Wyatt Member are interpreted
as being derived from earlier (pre 15 ka yrs.) “An-
cient Missoula Floods,” with limited associated addi-
tions of tephra from volcanic eruptions. Woodburn
and Willamette soils therefore are interpreted to be
partly derived from late Pleistocene “Bretz Floods™
(15 ka - 12.8 ka) and partly derived from “Ancient
Missoula Floods™ (50 ka - 60 ka).

Beneath the Wyatt in stratigraphic sequence is
the Diamond Hill Paleosol. Thisunitisbelieved tobe
beyond reach of radiocarbon dating (>40 ka). Some
authors have correlated the upland paleosols on the
Eola and Brateng to the Diamond Hill Paleosol. The
author does not believe that the Diamond Hill is as
old as the estimated dates given for Brateng through
Eola (i.e., 105 ka to 200 ka yrs.). The Linn Member
occurs stratigraphically beneath the Dijamond Hill
Paleosol and also is expected to be beyond reach of
radiocarbon dating.

Winkle

The Winkle geomorphic surface is the next
lower surface below the Senecal surface and is the
primary geomorphic surface in the Willamette Val-
ley associated with the present drainage system.
The argillic herizon of a so0il profile on the Winkle
surface has been dated 5.2 ka yrs. Snady clay loam
sediments 543 cm deeper dated about 10.8'ka yrs. In
general, the Winkle surface is composed of thick,
fine-textured, vertical accretion deposits. Some of
the Winkle surface is represented by lacustrine
deposits where peat and mucks are common. Dates
from several of these deposits help to establish an
age-range for the Winkle deposits and surfaceof12.2
ka to 5.2 ka yrs.

The Winkle lacustrine deposit areas and the
flood plain of the Tualatin River have served as
sediment and phosphate sinks for the last 12.2 ka
yrs. As such, these areas contribute a high organic
and phosphate load that affects the water quality of
the specific areas.

Ingram & Horseshoe

The flood plains below the Winkle high flood
plain are the Ingram and Horseshoe geomorphic
units, Both of these units have multiple flood plain
surfaces and soils that reflect their flooded condi-
tion. Ingram deposits vary in age from 3.3 kato 0.555
ka yrs. The younger Horseshoe flood plains have
been dated as younger than 0.555 ka yrs., up to the
present time. These Horseshoe low floodplains have
soils that lack diagnostic horizons.
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