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INTRODUCTION

This field trip examines aspects of envi-
ronmental science in the Luckiamute River
Watershed, upper Willamette Basin, Oregon. A
1-day itinerary is designed for K-12 science
educators with an interest in watershed studies
and natural science disciplines (earth science,
biology, chemistry).

Selected localities, natural features, and
respective discussions for this field trip were
derived from a 6-week Environmental Science
Institute course convened during Summer 2001
at Western Oregon University. The institute
course targeted undergraduate science majors,
preservice education majors, practicing educa-
tion professionals, and masters-level education
students. The course was designed with four
integrated science modules in geomorphology,
field botany, paleoclimatology, and environ-
mental chemistry. The geomorphology module
focused on landscape analysis, geographic
information systems, surficial mapping meth-
odology, and field hydrology. The botany
module emphasized characterization of ripar-
ian habitats, floristic changes over time, impacts
of invasive plant species, and field monitoring
methodologies. The paleoclimatology module
included derivation of climate variables from
modern and ancient flora, and examination of
the Tertiary fossil record of the mid-Willamette
Valley. The environmental chemistry module
examined land use and water quality issues in
the Willamette Basin, with a focus on aqueous
chemistry, field measurement techniques, and
pesticide contamination. Discussion topics of
this field trip concentrate on the geomorphol-

Field Guide to Geologic Processes in Cascadia:
Oregon Department of Geology and Mineral Industries
Special Paper 36, 2002.

ogy, botany, and environmental chemistry of
the Luckiamute Watershed. Selected aspects of
the paleoclimatology module are covered in a
companion paper in this volume (Myers and
others, 2002). As this field trip and guidebook
are sponsored by an alliance of geoscience
organizations, the content emphasis is accord-
ingly weighted toward a geologic perspective.

The field guide is organized into two
principal sections. The first provides a litera-
ture review and background information on the
regional setting of the Luckiamute River. The
second is a detailed road log and stop descrip-
tion, with suggestions for field-based science-
education activities.

The road log for this 1-day field trip
begins at the north entrance to the CH2M Hill
Alumni Center on the campus of Oregon State
University, Corvallis. The trip consists of a
100+ mile loop through the Luckiamute Water-
shed via Philomath Boulevard, Kings Valley
Highway (Oregon 223), Falls City Road,
Monmouth Road, Helmick Road, Oregon 99W,
and Soap Creek Road (Fig. 1). Field trip stops
include those that are both scenic and scientific,
with an emphasis on integrated environmental
studies at the watershed scale.

PHYSIOGRAPHY

The Luckiamute River constitutes a part
of the Willamette Basin in west-central Oregon
(Fig. 2). This seventh-order watershed (Strahler,
1957) drains eastward from the Coast Range
into the Willamette River and occupies a total
drainage area of 815 km?. The Luckiamute
Basin is bounded by the Willamette River to the
east, the crest of the Coast Range to the west,
Green Mountain and Marys River to the south,
and the Rickreall Creek Watershed to the north
(Fig. 2). Land surface elevations range from 46
m (150 ft) at the confluence with the Willamette

167



168

TAYLOR, DUTTON, AND POSTON

123 30 _ 4123 22.5 123 15
e +==""v,, T{Dallas |
1Tl Tea et V0 N “s
- 2 »
’ -
y 4 ‘Monmouth
(7 fw
Falls N / R
City N “ ’
1)
’ S e independence
»; 01,.
A 6
g Helmick {|
AP State
Pedee Park
»
| r T |@
—— K
Q o1
Q +
&) R
‘n
) ‘\ -™N
- ": . e’ ’
44 375 Tt T e
o=
20 ™ IBlodge ¥ wren
' .-~ Luckiamute Watershed
g boundary " N
* ‘Oregon State University St = \\‘b A
U 2)
@ Field trip stop Philomath N
5 0 5 km
BN N — | |

Figure 1. Location map and field trip

River to 1016 m (3333 ft) at Fanno Peak. The
Luckiamute has an average gradient of 3 m/
km, a total stream length of 90.7 km, and an
average basin elevation of 277 m (910 ft) (Rhea,
1993; Slack and others, 1993). Fanno Ridge
separates the watershed into two tributary
subbasins, with the Little Luckiamute to the
north and the main stem of the Luckiamute to
the south (Kings Valley) (Fig. 2). Lower-order
tributaries include Boughey Creek, Waymire

route for the Luckiamute Watershed.

Creek, Vincent Creek, Plunkett Creek, Woods
Creek, Maxfield Creek, and Soap Creek.

The greater Willamette Valley extends
northward 190 km from Eugene to Portland,
Oregon. This lowland is up to 60 km wide,
separating the Coast Range to the west from
the Cascade Range to the east. Valley foor
elevations range from 150 m (500 ft) to3m (10
ft), with an average gradient of 2 m/km (Slack
and others, 1993).
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Figure 2. Physiographic map and spot annual precipitation for the Luckiamute Watershed.

TECTONIC SETTING studies along coastal Oregon suggest that the
The Luckiamute Watershed is on a con- region experiences large magnitude, subduc-

vergent tectonic margin where the Juan de Fuca  tion-style earthquakes with a recurrence inter-

Plate subducts eastward beneath North val of approximately 300 to 500 years (Darienzo

America. This subduction zone is associated and Peterson, 1990).

with a long history of oblique convergence, The western two-thirds of the

tectonic accretion, arc volcanism, dextral shear, ~ Luckiamute River drains the central Oregon
and clockwise rotation (Wells and others, 1984). Coast Range (Fig. 2). This mountain system
Long-term rates of plate convergence average began to uplift between 15 and 10 Ma (Snavely
3.5 t0 4.0 cm/yr (Adams, 1984). Paleoseismic and others, 1993) and it continues to be
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neotectonically active (Adams, 1984). Thus the
present-day relief in the Oregon Coast Range is
a combination of net uplift due to plate conver-
gence and vertical incision by surface processes
(Kelsey and others, 1994). -

Historic releveling surveys of western
Oregon suggest that the western boundary of
the Luckiamute is presently tilting eastward at a
rate of approximately 1 x 10® rad/yr with a
crustal shortening of 107 yr?! (Adams, 1984).
Although tilt data suggest that portions of the
Luckiamute are neotectonically active, Mitchell
and others (1994) reported no evidence for
historic uplift in this part of the Coast Range.
~ By comparing topographic relationships in this
region to the southern Coast Range and the
- Olympics, Kelsey and others (1994) hypoth-
esized that the subducting Juan de Fuca slab is
likely segmented at the latitude of the
Luckiamute.

The Willamette Valley proper represents
a forearc basin situated between the Coast
Range and the Cascade Volcanic Arc. The
northern Coast Range forms a broad, north-
plunging anticlinorium, with pre-Miocene strata
dipping eastward toward the Willamette Valley
(Yeats and others, 1996). The Cascades are
associated with a long history of intermediate to
mafic volcanism dating from late Eocene (40-35
Ma) to present. Arc volcanism has been narrow-
ing and migrating eastward over time, with the
geometry of High Cascade volcanoes controlled
by the present-day subduction-zone configura-
tion (Priest, 1990)

BEDROCK GEOLOGY
Yeats and others (1996) and Snavely and
‘Wells (1996) provided comprehensive summa-
ries of the bedrock geology in the Luckiamute
region. The bedrock comprises an Eocene to
Oligocene sequence of basaltic volcanic rocks,
marine sedimentary rocks, and mafic intrusives
of varying composition (Fig. 3). In ascending
order, lithostratigraphic units include the Siletz
River Volcanics (upper Paleocene to middle
Eocene; 58-46 Ma), Tyee Formation (middle
Eocene; 53-48 Ma), Yamhill Formation (middle
and upper Eocene; 48-44 Ma), Spencer Forma-
tion (upper Eocene; 44-41 Ma), and undifferenti-
- ated mafic intrusions (middle Oligocene; 34-30
Ma). The Siletz River Volcanics are composed
primarily of submarine basalt lava flows
interbedded with breccia, sandstone, and
siltstone. The Tyee Formation is characterized
by an arkosic sandstone lithofacies, interpreted
as deltaic and submarine fan deposits. The
Yambhill Formation comprises interbedded

siltstone and shale of marine origin. The
Spencer Formation comprises arkosic sand-
stone, siltstone, and mudstone, interpreted as
shallow marine deposits. Given the convergent
tectonic setting, strata in the Coast Range
portion of the Luckiamute are extensively
faulted and fractured.

Bedrock map units are grouped into four
lithospatial domains in the Luckiamute, as
recognized on the basis of outcrop pattern (Fig.
3). These include the Siletz River Volcanics
Domain (south), the Tyee Domain (west-south-
west), the Yamhill-Intrusive Domain (north-
northwest), and the Spencer-Valley Fill Domain
(east). The Siletz River Volcanics Domain
constitutes 19% of the watershed and is mainly
seafloor basalt. The Tyee Domain (29% of total
area) is underlain primarily by the Tyee Forma-
tion with local mafic intrusives supporting
ridge tops. The Yamhill-Intrusive Domain
occupies 23% of the watershed and is character-
ized by the outcrop of equal parts of the
Yambhill Formation and mafic intrusives. The
Spencer—Valley Fill Domain (29%) is underlain
by a patchwork of Spencer Formation and
Quaternary alluvium. Each of these bedrock
spatial domains is associated with unique
landform assemblages and surficial processes.

SURFICIAL GEOLOGY AND
GEOMORPHOLOGY

Geomorphic systems of the Luckiamute
Watershed can be divided into a valley-floor
regime to the east and a hillslope-colluvial
regime to the west (Fig. 4). The style of the
surficial process and landform associations are
controlled by topographic position, underlying
bedrock geology, and resistance to erosion.
Hillslope landforms and colluvial processes
dominate the Siletz River, Tyee, and. Yamhill-
Intrusive Domains, whereas fluvial landforms
and alluvial processes are characteristic of the
Spencer—Valley Fill Domain.

Valley Floor-Fluvial Regime

The lower Luckiamute is characterized by
a mix of alluvial stratigraphic units and geo-
morphic surfaces. Landforms include active
channels, floodplains, fill terraces, and strath-
pediment surfaces (McDowell, 1991). In addi-
tion to these fluvial landforms, the lower
Luckiamute is associated with swaths of low-
relief colluvial hillslopes supported by the
Spencer Formation (Fig. 4). Present-day geo-
morphic conditions extend back to at least the
Pliocene, the time at which the Willamette River
eroded through intrabasinal divides, permitting
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Figure 3. Bedrock geology of the Luckiamute Watershed (after Walker and MacLeod, 1991). Inset map
shows grouping of recognized lithospatial domains: | = Siletz River Domain, Il = Tyee Domain, lil =
Yamhill-Tertiary Intrusive Domain, IV = Spencer-Valiley Fill Domain.

open drainage to the Columbia River
(McDowell, 1991). Pleistocene through Ho-
locene terrace development records a complex

history of base level fluctuation, internal erosion-~

deposition cycles, and glacial-outburst floods
(Missoula Floods) from the Columbia River
system.

Maximum thickness of Pliocene to Ho-
locene sedimentary fill in the mid-Willamette
Valley is up to 150 m (Yeats and others, 1996).

Balster and Parsons (1966) mapped terrace and

floodplain surfaces in this region on the basis of

topography and soil development. The active

channel of the lower Luckiamute is incised 8 to 9
m below the floodplain, with higher level terrace

surfaces at 12 to 15 m above the mean annual
stage (Reckendorf, 1993). The higher-level

terrace surfaces are covered with rhythmically-

bedded, silty slack-water deposits of the

Willamette Formation (Missoula Flood deposits,
13.5-12 ka). These late Pleistocene surfaces are
inset with lower terrace and floodplain deposits
that are predominantly Holocene in age (post-
Missoula Flood, <12 ka) (Fig. 4; O’Connor and
others, 2001).

Hillslope-Colluvial Regime

Parsons (1978) presented a geomorphic
overview of the Coast Range portion of the
Luckiamute. Small-scale intrusions and volca-
nic rocks support ridge tops and provide the
resisting media for steep terrain. On average,
hillslope gradients range from 25 to 30% with
maxima up to 90%. Local relief is on the order
of 300 to 500 m. Hillslope processes dominate
this part of the Luckiamute Watershed, includ-
ing slide, debris flow, creep, tree throw, and
faunal turbation. Fluvial transport and erosion
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Figure 4, Surficial geology and geomorphology of the Luckiamute River Basin. Surficial map units are
modified from O’Connor and others (2001), after Taylor and others (1996). Cross section shown in
Frame B represents generalized landform elements at Helmick State Park (Stop 6).
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occur in narrow, low-order tributary valleys.
Upland landforms include ridge tops, side
slopes, hollows, landslide scars, and dissected
pediments. Narrow valley bottoms are
geomorphically active, with channels, flood-
plains, low terraces, and small-scale debris fans
(Balster and Parsons, 1968).

The Oregon Coast Range is noted for
hazards associated with landslides, flooding,
and debris flow activity (Gresswell and others,
1979; Robinson and others, 1999). The Oregon
Department of Forestry (2000) has recently
released a set of debris flow hazard maps for
parts of the Luckiamute Watershed. These
maps were derived from slope analysis of 30-
meter digital-elevation models. Preliminary
evaluation of the these hazard maps indicates
that hillslopes underlain by the Tyee Formation
are the most prone to debris flow (Table 1). The
data suggest that bedrock lithology exerts a
strong control on the style of hillslope process,
soil development, and related landforms in the
upland portion of the Luckiamute.

Soil Associations

Geographic Information Systems (GIS)
analyses of county soil surveys (Knezevich,
1975, 1982) yield distribution data for soil series,
orders, and subgroups in the Luckiamute Basin.
Inceptisols, Ultisols, and Mollisols are the most
abundant soil orders in the watershed, repre-
senting 38%, 31%, and 24% of the total area,
respectively. Inceptisols are typically composed
of up to 50% lithic clasts and are associated with
active hillslopes (>45% gradient). More deeply
weathered Ultisols are common on metastable,
lower-gradient hillslopes and pediment surfaces
(Parsons, 1978). Representative subgroups
include Haplohumults (31%), Xerochrepts
(14%), Haplumbrepts (14%), Argixerolls (8%),
and Haplaquolls (8%). Colluvial soil associa-
tions in the Coast Range portion include: (1)
Jory, Peavine, Bellpine, Apt, and Honegrove
(Haplohumults); and (2) Price, Ritner, Klickitat,
Valsetz, Luckiamute, and Cruiser (Haplum-
brepts and Cryochrepts). Down basin, alluvial
soil associations include: (1) Woodburn, Coburg,
Willamette, Malabon (Argixerolls); (2) Veneta,
Willakenzie (Haploxeralfs); and (3) Waldo,
Wapato (Haplaquolls). The spatial distribution
of soil assemblages is ultimately controlled by
geomorphic process. As such, Reckendorf
(1973, 1993) emphasized their use as a primary
criteria for floodplain mapping in the mid-
Willamette Valley.

Table 1. Debris flow hazard potential ranked by
lithospatial domain, Luckiamute Watershed (data
derived from Robinson and others, 1999)

Lithospatial Domain Percentof Hazard
domain area domain areain rank
(km?)  hazard zone

Tyee 241 38.1 1
Yamhill-Tertiary

intrusives 193 246 - 2
Siletz River 151 30.2 3
Spencer—

Valiey Fill 229 0.7 4

CLIMATOLOGY AND HYDROLOGY

Taylor and Hannan (1999) summarized
historic climate data for western Oregon. The
Luckiamute straddles Oregon Climate Zones 1
(Coastal Area) and 2 (Willamette Valley), with
westerly Pacific marine air serving as the
primary moisture source. Precipitation patterns
are strongly seasonal with 75% of the annual
total falling from October to March. Hydrome-
teorologic events are driven primarily by
cyclonic and frontal storm systems. Rain-on-
snow events are common at higher elevations.

Annual precipitation varies greatly from
west to east across the Luckiamute Watershed,
as governed by westerly airflow and a lee-side
rain-shadow effect in the Coast Range. Annual
precipitation in the watershed ranges from 3600
mm along the northwestern boundary to 1140
mm in the center of the Willamette Valley, a
west-to-east precipitation gradient of 95 mm/
km (Fig. 2).

The U.S. Geological Survey maintains a
gauging station on the Luckiamute River at

 Helmick State Park (USGS Suver Station

14190500; Stop 6 on Fig. 1 and 2). The station is
18 km upstream from the basin outlet, with 650
km?of drainage area positioned above the
monitoring point (approximately 80% of the
total). Analysis of the stream-flow record
reveals that flooding and high discharges
directly correspond to seasonal precipitation
patterns. During the winter season, average
discharge is on the order of 50 m®/s, whereas
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summer months are typified by less than

3 mi/s. The two peak discharges of record
were observed at 700 and 620 m?/s during
December 1964 and February 1996, respectively.
The 100-yr flood event at the Suver Station is
marked by a discharge of 760 m*/s (Waichler
and others, 1997).

Waichler and others (1997) derived a
rainfall-runoff model for the Luckiamute
Watershed. They estimated an average annual
precipitation of 1894 mm for the entire water-
shed, with a total input volume of 1.23 x 10° m?.
A water budget analysis indicates that 61% of
the total annual rainfall is accounted for as
runoff, whereas 39% is consumed in the form of
evapotranspiration and groundwater flow.

VEGETATION

The Coast Range portion of the
Luckiamute Watershed lies in the Tsuga
heterophylla Zone of Franklin and Dyrness
(1988). Dominant forest species include
Pseudotsuga menziesii (Douglas fir), Tsuga
heterophylla (western hemlock), and Thuja plicata
(western red cedar), with a lesser occurrence of
Abies grandis (grand fir). These species formed
part of the classic old-growth timber stands that
were logged extensively in the Pacific North-
west during the early 1900s. Disturbed valley
zones are characterized by Alnus rubra (red
alder) and Rubus spp (blackberry). Acer
macrophyllum (big leaf maple) is a common late
succession species in valley bottoms and hol-
lows. Balds with meadow grasses and mosses
occur locally along higher elevation ridge tops.’
Lower reaches of the Luckiamute Watershed lie
in-agricultural crop and pasture land, with local
patches of mixed Quercus garryana (Oregon
white oak) and urban mosaic species.

LAND USE AND ENVIRONMENTAL SET-
TING '
Since European settlement, the predomi-
hant economic activities in the Willamette
Valley have centered on agriculture in the
lowlands and timber harvesting in upland
forests. Over the past several decades, industri-
alization and rapid population growth have
resulted in significant impact to the habitat and
environmental quality of the region. Given that
greater than 75% of all water use in the
Willamette Basin is derived from surface
sources, land-use and river quality issues are at
the forefront of environmental planningin
western Oregon.

Private timber companies own a large -
part of the upper Luckiamute, and 67% of the

~

watershed is classified as forest. In contrast, the
eastern valley section comprises a mix of
agricultural lands (15% of total), native vegeta-
tion (3%), and urban development (1%) (Urich
and Wentz, 1999). Primary commodities in the
agricultural zones include grass seed, wheat,
hay, oats, and mixed crops (clover, sweet corn,
mint, alfalfa, filberts) (Wentz and others, 1998).
As such, agricultural pesticides and fertilizers
are the primary anthropogenic agents that can
potentially impact surface and groundwater
quality in the Luckiamute Basin.

Wentz and others (1998) presented a
water-quality summary for the Willamette
Basin, including smaller tributary systems such
as the Luckiamute. The greatest potential for
water-quality degradation in the lower
Luckiamute is from fertilizer-related nitrates
and pesticides (herbicides, insecticides, and
fungicides). Documented nitrate impacts
include nutrient loading, excessive aquatic
plant growth, and eutrophication. Nitrate
concentrations fluctuate according to seasonal
rainfall-runoff patterns with annual maxima
common during winter months. Pesticides are
also routinely detected at significant concentra-
tion levels (3-14 ppb) in the Willamette and
related tributaries. Commonly detected pesti-
cides include atrazine, simazine, metochlor,
deethylatrazine, diuron, and diazinon. Only
atrazine and deethylatrazine are associated
with forest-management practices in mountain-
ous subbasins outside of the agricultural zones.
Pesticide transport is either through direct
advection in a dissolved state or via adsorption
to fine-grained suspended sediments.

ROAD LOG AND STOP DESCRIPTIONS
Miles (approximate)

0.0 Depart Oregon State University’s CH2M
Hill Alumni Center toward the south
and then right (west) onto Western
Avenue.

0.5 Turn left (south) onto 35th Street.

0.6 Turn right (west) onto Philomath Boule-
vard (Highway 34/20), toward
Philomath.

2.9 Note low-relief hillslopes of the Eocene
Spencer Formation to the south (left) of
Philomath Boulevard.

3.2 Crossing buried part of the Corvallis
Fault, continue west on Highway 34/20
through Philomath, note Marys Peak in
distance.
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En Route to Stop 1

The drive west from Corvallis on High-
way 34/20 provides spectacular views of the
central Oregon Coast Range and Marys Peak.
The field trip route in this area follows the
Marys River drainage, an east-flowing fluvial
system that serves as a principal water source
for the city of Corvallis. Examples of late Qua-
ternary floodplain and terrace surfaces are
evident along the Marys River Valley in the
vicinity of Philomath (Fig. 1 and 2).

At mileage point 3.2, Philomath Boule-
vard crosses the Corvallis Fault, a major thrust
and strike-slip system that was active during the
early Tertiary. This fault zone trends northeast,
dips approximately 10° NW, and is associated
with 11 to 13 km of crustal shortening (Yeats
and others, 1996). The net result is the west-
ward juxtaposition of the older lower Eocene
Siletz River Volcanics next to younger Tertiary
sedimentary strata (to the east). Snavely and
others (1993) extended the Corvallis Fault
offshore to the southwest, where it intersects a
north-trending right-lateral strike-slip fracture
referred to as the Fulmar Fault. Their offshore
mapping suggests that the Corvallis Fault is a
major geologic feature associated with conver-
gent-margin tectonics.

Marys Peak is the highest point (1249 m)
in the Oregon Coast Range and is supported by
erosionally-resistant intrusive rocks of the
Marys Peak Sill. Up to 390 m of Oligocene (29.9
Ma) gabbroic rocks intrude sandstone of the
middle Eocene Tyee Formation (Yeats and
others, 1996). The entire stratigraphic sequence
is in turn cut by the Kings Valley Fault, a high-
angle reverse fault with relatively limited throw
(Walker and Macleod, 1991). High-elevation
ridge tops of Marys Peak are associated with
unique plant communities composed of mosses
and grasses (Franklin and Dyrness, 1988).

5.7  Bear right (west) onto US 20, follow
signs toward Newport.

9.7 Turn right (north) onto Kings Valley

Highway (Oregon 223).

Kings Valley Highway crosses into the

Luckiamute Watershed.

Kings Valley Highway bends from

northeast to northwest at Plunkett

Creek. The highway crosses the approxi-

mate position of the Kings Valley Fault

at this point (Fig. 1 and 3).

Turn left (west) onto Luckiamute Road.

Proceed 0.7 mi on Luckiamute Road to

Stop 1, bridge crossing Luckiamute

River.

12.7

14.5

16.0
16.7

Stop 1. Kings Valley (Hoskins)
The main stem of the Luckiamute River

- forms the principal physiographic feature of

Kings Valley. The Hoskins stop is just west of
the Kings Valley Fault, which lies near the
boundary between the Tyee and Siletz River
Domains (Fig. 3).

Systematic geomorphic mapping forms
the foundation upon which integrated water-
shed studies are constructed (Taylor, 1999).
Kings Valley and the Coast Range at this stop
provide a framework for discussion of a
surficial mapping protocol in unglaciated,
mountainous landscapes. Taylor and others
(1996) devised a four-fold geomorphic mapping
scheme in which units are delineated on the
basis of age, origin (process), landform, and
material (texture) (Table 2). The technique
emphasizes the link between landforms and
processes in landscapes dominated by
hillslopes, mass wasting, and fluvial erosion.
Hillslopes are characterized by colluvial
diamicton (matrix supported gravel) with
landforms subdivided into ridges, side slopes,
hollows, and noses. Gravel-dominated valley
bottoms are characterized by channel processes
and debris flow activity. Valley-bottom land-
forms are subdivided into channels, flood-
plains, terraces, fans, and aprons. The four-fold
nature of the mapping protocol lends itself
particularly well to the layered approach of
geographic information systems (GIS). Field
trip participants are provided an opportunity to
apply the systematic map protocol to the upper
Luckiamute River drainage.

16.7  Return east to Kings Valley Highway

174  Turn left (north) onto Kings Valley
Highway (Oregon 223)
Enter town of Pedee, continue north on
Kings Valley Highway:.

33.5  Turn left (west) onto Falls City Road.

37.8  Enter Falls City.

37.9  Turnright onto Black Rock Road.

38.0 Stop 2, Falls at Falls City (pull out on left

side of road).

Stop 2. Falls at Falls City

Falls City lies at the domain boundary
between the Spencer—Valley Fill Domain to the
east, and the Yamhill-Intrusive Domain to the
west (Fig. 3). The city is set along the Little
Luckiamute River and has traditionally served
as an access point for timber operations. Field
Stop 2 is at the falls of the Little Luckiamute
River, just west of town center (Fig. 2).
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Table 2. Four-fold surficial-map protocol for unglaciated mountainous landscapes (after Taylor and

others, 1996).

1. Age of surficial material .
H = Holocene (<10,000 years old)
W = Wisconsin (89 to 10 ka)
I = Illinoian
P = Pleistocene undifferentiated
EP = early Pleistocene
MPl= middle Pleistocene
LP = late Pleistocene
Q = Quaternary undifferentiated
CZ = Cenozoic undifferentiated

2. Origin of surficial process

A. Hillslope
r = residuum (in situ regolith)
¢ = colluvium (mass wasting)
ds = debris slide
rf = rock fall or topple

B. Valley bottom
a = stream alluvium (normal flow)
hcf = hyperconcentrated flow
df = debris flow
sw = slackwater deposition

C. Lacustrine
1 = lacustrine deposit, undiff.
Ib = lake-bottom deposit
1d = lacustrine deltaic

D. Other
g = glaciofluvial, undifferentiated
go = glacial outwash
e = eolian
cr = cryoturbation
x = anthropogenic disturbance
f = artificial fill
rk = bedrock

3. Landform Units
A. Hillslope

n = nose
sl = side slope
h = hollow
veneer = <2 m of regolith
blanket = >2 m of regolith
bf = boulder field
bs = boulder stream
pg = patterned ground
tls = talus

B. Valley bottom

ch = channel

fp = floodplain (recurrence interval = < 2-3 yr)
t = terrace (t1, t2 ...tri; height above river)

f =fan

f-t = fan terrace (f1, £2 ...fn; height above river)
a = apron (footslope deposit)

lo = lobe

v =levee
ox = oxbow, abandoned channel

C. Other

ft = flow track (debris flow)

hm = hummocky topography

rb = rock block-slide deposit

X = excavated, fill, disturbed ground
d = delta

4. Material (composition and texture)

b =boulders (>256 mm clast supported)
¢ = cobbles (64-256 mm clast supported)
p = pebbles (4-64 mm clast supported)
g = gravel (>2 mm clast supported)
sg = mixed sand and gravel
s = sand (0.05-2.0 mm)
st = silt (0.002-0.05 mm)
cy = clay (<0.002 mm)

1 = loam (mix of sand, silt, clay)

d = diamicton undifferentiated

bbd = very bouldery diamicton

bd = bouldery diamicton

cd = cobbly diamicton

pd = pebbly diamicton

ds = sandy matrix diamicton

dt = silty matrix diamicton

dy = clayey-matrix diamicton

rk = bedrock (modify by lithology)

rs = rotten stone, saprolite

tr = travertine

tu = tufa

ma = marl

0g = organic-rich sediment

w = water

u = unkown
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Figure 5. Falls City knickpoint along the Little Luckiamute River (Stop 2).

The falls represent a knickpoint or hy-
-draulic step in the longitudinal profile of the
Little Luckiamute. Total knickpoint relief is
approximately 6 m (Fig. 5). Knickpoint zones
along rivers represent significant perturbations
in the hydraulic system, intimately related to
base-level changes and lithologic
discontinuities in the channel substrate (Wohl,
2000). The falls at Falls City, are formed on
resistant sedimentary lithofacies of the Yamhill
Formation. North- to northeast-trending
fractures are evident in bedrock pavement
along the active channel and provide a strong
control on knickpoint development. The Falls
City knickpoint is eroding headward with time
by processes of block plucking and wall-rock
undercutting. Gravel tools generated by
knickpoint erosion are in turn available for
downstream channel abrasion. The presence of
bedrock-lined channels and the relative absence
of gravel alluvium suggest that the Little
Luckiamute at this position is under capacity
with respect to sediment load, that is, the total
available stream power exceeds sediment load

thresholds (Montgomery and others, 1996).
This field stop provides access to readily ob-
servable river features that demonstrate con-
cepts of landscape erosion and geomorphic
work.

38.0 Continue west on Black Rock Road.

38.2  Bear left onto the gravel portion of Black
Rock Road. :

41.8 Stop 3, Black Rock (pull out where
bridge crosses Little Luckiamute River).

Stop 3. Black Rock (Little Luckiamute)

Invasive plant species are problematic for
both native and agricultural plant communities
as they can compete for resources and displace
competitors. Local extirpation of native plant
species has obvious impacts on wildlife and
natural habitats. Competition between plant
species is a part of any habitat, but introduction
of nonnative species disrupts relationships
evolved among native plants and their commu-
nities within those specific habitats.
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Table 3. Occurrence of common invasive plant
species at selected field trip localities In the
Luckiamute Watershed (BR = Black Rock—Stop
3; HSP = Helmick State Park—Stop 6; SSp=

Sulphur Springs—Stop 8).

Species Origin Occurrence
BR HSP SSp

Capsella bursa-pastoris - Europe X X X

(shepherdspurse)

Cichorium intybus Medi- X X

(cichory) terranean

Cirsium arvense Eurasia X X

(Canada thistle)

Cirsium vulgare Eurasia X X

(bull thistle

Conium maculatum Europe X X

(poison hemlock)

Cytisus scoparius Europe X X

(Scotch broom)

Daucus carota Europe X X

(wild carrot)

Digitalis purpurea Europe X X

(foxglove)

Dipsacus fullonum Europe’ X X X

{common teasel)

Hedera helix Eurasia = X

(English ivy) Africa

Hypericum perforatum Europe X X

(common St Johnswort)

Lamium purpureum Europe X X X

(purple deadnettle)

Leucanthemum vulgare Europe X

(oxeye daisy)

Rubus armeniacus
(Himalayan blackberry)

Armenia X X X

Rumex acetosella Europe X X X
(red sorrel)

Senecio jacobaea Europe X X
(tansy ragwort)

Solanum dulcamara Europe X X
(bittersweet nightshade)

Tanacetum vulgare Europe X X
(common tansy)

Taraxacum officinale Europe X X X
(dandelion)

Verbascum thapsus Eurasia X X X

(common mullein)

Botanical survey techniques are critical for
documenting the occurrence of invasive plant
species and assessing their relative impact on
the ecosystem. Three broad categories of
survey methodologies include systematic
(taxonomic), monitoring (as distinct from
ecological), and ecological (Stiling, 1998).
Common nonnative, invasive plant species at
select Luckiamute field localities, including
Black Rock, are listed in Table 3. Field trip
participants are provided an opportunity to
explore plant identification methods, botanical
survey techniques, and their potential applica-
tion in a classroom setting.

41.8
423

Continue west on Black Rock Road
Bear right at Y intersection, note quarry
on right. '

Proceeding on Black Rock Road. Please
note that logging roads in this vicinity
are narrow and steep, with limited sight
distance and active log transport. Use
extreme caution when driving this part
of the route; citizens-band radio com-
munication is recommended.

434

En Route to Stop 4

The field trip route west of Black Rock
winds along hillslopes of the Coast Range that
are intensively managed for forest production.
This area is owned by private timber companies
and is actively logged by clear-cut methodolo-
gies. Logging activities have a profound influ-
ence on vegetative plant communities and
geomorphic processes. The route through this
area follows the Luckiamute drainage divide
and provides views of Laurel Mountain to the
north of the watershed (Fig. 1 and 2).

Laurel Mountain forms a part-of the crest
of the Coast Range, with a maximum altitude of
1094 m (3589 ft). Average annual rainfall at the
crest exceeds 3800 mm/yr (Taylor and Hannan,
1999). The southeast-facing hillslope of Laurel
Mountain was subject to extensive slope failure
and debris flow activity in response to a high-
intensity, long-duration storm event in Febru-
ary of 1996 (Robinson and others, 1999). Exten-
sive debris slide scars are evident as breaks in
the forest canopy below the peak of Laurel
Mountain to the north (right) of Black Rock
Road. Debris slides were initiated on steep
hillslopes (up to 90% gradient) underlain by
rocks of the Yamhill-Intrusive Domain. Ten
discrete slide zones produced a net landslide
erosion rate of 42 m®/ha over an area of 8.0 km?,
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Figure 6. Overview of Coast Range watersheds and mid-Willamette Valley (view to east from Stop 5).

one of the highest that was documented during
the 1996 storm event (Robinson and others,
1999). '

44.7 Three-way intersection, continue straight
on center road, following contour.

457 Three-way intersection, continue straight
on center road, following contour.

46.8 Bear left at Y intersection.

475 Continue straight at T intersection.

47.8 Continue straight at T intersection.

48.7 Bear right (north) at Y intersection, note

S-Line tree marking. The road crosses
over the Luckiamute drainage divide at
this point, with Riley Peak directly to the
east. Stop 4, road aggregate quarry.

Stop 4. Road Aggregate Quarry .

Stop 4 is at a road aggregate quarry set in
the Yamhill-Intrusive Domain (Fig. 1 and 3).
The quarry provides an excellent exposure of
Oligocene gabbro intruding Eocene Yamhill
sedimentary strata. The rock assemblages are
extensively fractured and typify the bedrock
supporting this part of the Coast Range.

Oligocene igneous intrusives form ero-
sionally resistant outcrops that tend to support
ridge tops and steep hillslopes. Soil in this part
of the Coast Range constitutes part of the
Valsetz-Yellowstone complex, characterized by
Inceptisols developed in gravelly diamicton
(Knezevich, 1982). Quarry-wall exposures
illustrate the high degree of rock weathering
that is common in the Coast Range. Examples
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of spheroidal weathering are readily evident.
Chemical weathering acts on preconditioned
joint blocks to create rounded, boulder-like
forms. Clay alteration of feldspars results in
volume expansion, differential rock stress, and
spalling of joint planes (Easterbrook, 1999). The
net result is to produce spherically weathered
forms. Regolith deposits produced by spheroi-
dal weathering can be misinterpreted as
rounded gravel alluvium associated with river
transport and represent a potential source of
error in interpreting the origin of a geomorphic
surface.

49.5 Continue north-northeast on S-Line.
504 Note road-maintenance shed on right.
50.6  Turn right (east) onto unnamed logging
road; continue past Silver Falls area.
51.1  Stop 5, Coast Range drainage divide,

overview of Willamette Valley.

“:op 5. Coast Range Drainage Divide

Although just north of the Luckiamute
drainage divide, this stop provides a vantage
point to view the crest of the Coast Range and
mid-Willamette Valley (Fig. 6). Extensive log-
ging and clear-cut forest practices are evident at
this stop.

Numerous studies have linked the
increased occurrence of landslides and debris
flows in the Coast Range to logging and related
road construction (Swanson and others, 1977;
Ice, 1985; Sidle and others, 1985). Forest prac-
tices commonly lead to physical and biological
alterations of hillslopes that may contribute to
exceedence of landslide thresholds during the
winter rain season. Logging-related parameters
contributing to slope failure include decreased
root strength, decreased evapotranspiration and
increased pore pressure, alteration of snow melt
patterns, oversteepening of slopes along road
cuts, and hydraulic blowouts related to culverts
(Robinson and others, 1999).

Stop 5 also provides an opportunity to
discuss residuum as a surficial deposit. Re-
siduum is a form of regolith that results from in-
place weathering of bedrock with negligible
components of downslope transport (Taylor,
1999). Gravel clasts in the regolith at this stop
exhibit weathering rinds indicative of in-place
chemical alteration, limited transport, and
surface stability. Mills and Allison (1995) used
clast weathering rinds as a relative dating tool
for surficial deposits and as a method to inter-
pret transport processes in colluvium-domi-
nated landscapes. Similar approaches are
applicable in the Coast Range.

51.1  Return to Falls City along previous
route.

64.3  Falls City town center.

68.7  Turn right (south) onto Kings Valley
Highway (Oregon 223).

En Route to Stop 6

The route from this point to Stop 6 is
through the Spencer-Valley Fill Domain (Figure
3). The topography of this area is characterized
by relatively flat floodplains and terraces
punctuated by low-relief, rolling hills sup-
ported by the Spencer Formation (Fig. 4). Land
use along this part of the route is dominated by
agricultural production and local wood-lot
management. Fertilizer and pesticide use are
primary environmental factors that impact
water quality in this part of the watershed. In
addition, crop-management practices have
profoundly influenced the occurrence and
distribution of invasive plant species in the
ecosystem.

Crop mapping in the upper Willamette
Basin is very useful in estimating mass loading
of pesticides and fertilizer compounds in the
watershed (Anderson and others, 1997). Grass
seed production in the region consumes the
most land area and is the agricultural activity
associated with highest rates of pesticide
application. Atrazine, metochlor, and diuron
are herbicides that are most commonly used
and detected in water quality samples (Ander-
son and others, 1997). The drive between Stop
5 and Stop 6 provides an opportunity to view
land-use practices in the mid-Willamette Valley
and discuss associated environmental impacts.

The Polk County Flora Project at West-
ern Oregon University is a long-term environ-
mental assessment and monitoring program
that focuses on native and invasive plant
species in the regional ecosystem. The flora
project provides a collaborative framework for
faculty, students, and the local K-12 education
community to conduct botanical surveys using
geographic information systems (GIS), global
positioning systems (GPS), and internet tech-
nologies. Field trip participants are provided
an overview of the Polk County Flora Project
with demonstrations of related activities.

69.6  Turn left (east) onto Monmouth Road,
and follow signs toward Monmouth.

76.6  Enter city of Monmouth, turn right
(east) onto Main Street.

76.9  Turn right (south) onto Knox Street

(Helmick Road), continue south on
paved highway.




81.7  Stop 6, Helmick State Park.
Stop 6. Helmick State Park

Helmick State Park lies along the lower
Luckiamute River and is representative of the
mid-Willamette Valley geomorphic setting (Fig.
4). Hillslopes to the north are underlain by
sandstone lithofacies of the Spencer Formation.
A flight of low- to mid-level fluvial terraces is
readily observable as topographic breaks in
agricultural fields directly south of the park
entrance. These surfaces were mapped as Qtl
(low terrace), Qtlm (low to middle terrace), and
Qth (high terrace) by Bela (1981). The
Luckiamute River is incised 8 to 9 meters below
Qtl, the alluvial surface upon which the
Helmick State Park facility is constructed.
Suspended-sediment transport dominates this
lower part of the Luckiamute, in marked con-
trast to the gravel-dominated reaches observed
upstream at Stops 1 and 3.

The U.S. Geological Survey maintains the
Suver stream gauging station at this stop (USGS
Station 14190500). Historic river discharge and
stage data form the basis for floodplain man-
agement in the Willamette Valley. The Suver
station record extends back to 1941, for a total
of 60 years of continuous river discharge moni-
toring. Kochel and Baker (1988) discussed the
statistical limitations associated with relatively
short duration gauge records, and promoted
the use of paleohydrology as a method to
extend such records back in time. Paleohydrol-
ogy involves a series of geomorphic and quanti-
tative techniques that are used to reconstruct
prehistoric river conditions (for example, peak
discharge and maximum flood stage) from
-preserved flood deposits. Slackwater deposits
are typically composed of fine-grained sus-
pended sediment that is deposited under low-
flow velocities during overbank flood events.
Slackwater sediment is preserved in sheltered
low-energy areas along valley bottoms and
provides a record of maximum flood stage.
High-water levels can then be incorporated into
slope-area equations to determine flood dis-
charge. Field trip participants are afforded an
opportunity to inspect the gauging station,
examine historical discharge data, and recon-
struct stages of past flood events.

The stop at Helmick State Park also
provides an opportunity to examine the interac-
tion between anthropogenic disturbance,
geomorphic process, and distribution of inva-
sive plant species. Agricultural lands and

-flood-disturbed zones along the mid-Willamette
Valley have historically served as corridors
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facilitating the spread of invasive plant species
throughout the region. The riparian zone and
abandoned railroad grade directly north of the
state park offer exceptional opportunities for
identification of the species listed in Table 3,
and for down-basin comparison to those ob-
served at the Black Rock locality (Stop 3).

81.7  Continue south on Helmick Road.

83.8 Intersection of Helmick Road with
Oregon 99W, continue south on 99W.

87.4  Turnright (west) onto Coffin Butte
Road.

87.5  Stop 7, Coffin Butte Landfill.

Stop 7. Coffin Butte Landfill

Coffin Butte Landfill is an Environmental
Protection Agency (EPA) Subtitle D refuse
disposal facility that is operated by Valley
Landfills Inc., of Corvallis. The landfill occu-
pies approximately 700 acres of the former
Camp Adair Army Training Facility. Active
disposal cells are located at the head of an
unnamed tributary to the Luckiamute, in a
topographic saddle between Poison Oak Hill
and Coffin Butte (Fig. 1 and 2). The unnamed
tributary and associated wetlands drain east-
ward toward the E.E. Wilson National Wildlife
Refuge. Hillslopes to the north and south of the
facility are underlain by fractured and faulted
oceanic basalt of the Siletz River Volcanics (Fig.
3). Basaltic lithofacies are overlain by 10 to
20m of Pleistocene terrace gravel (Fig. 4).

Coffin Butte is the second largest landfill
in Oregon with disposal rates ranging from
1200 to 1700 tons per day (Valley Landfills,
personal communication). The refuse-disposal
cells are designed as a series of stacked, inter-
locking subunits with a multiple-layer synthetic
liner system. Environmental controls in the
liner system include impermeable membranes,
leachate recovery and leak detection, secondary
containment, and methane extraction. A multi-
level groundwater monitoring system is em-
ployed for leak detection, water quality compli-
ance, and prevention of offsite contaminant
migration. In addition, the Coffin Butte facility
is equipped with an on-site waste water treat-
ment plant and methane-based electrical gen-
erator (Valley Landfills, unpublished docu-
ment). Field trip participants are presented an
overview of landfill design technology, leachate
chemistry, and water quality monitoring sys-
tems.

87.5 Continue west on Coffin Butte Road.
88.3  Turn left (south) onto Soap Creek Road.
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Table 4. Field chemistry of Sulphur Springs and

upper Soap Creek at Stop 8. Explanation of

units: uS = microSiemens, SU = Standard pH
units, mV = millivolt, ppm = parts per million.

Field Sulphur Soap
parameter Springs Creek
Conductivity (uS/cm) 371 104
pH (SU) 6.7 73
Eh (mV) -287 137
O,(ppm) 1.2 10.0
CO,(ppm) 15.0 40
Sulfide (ppm) 1.0 0.2
Total hardness (ppm) 280 90
89.0  Cross intersection with Tampico Road,

- continue straight (south) on Soap Creek

Road.
92.6  Note historic Soap Creek School on left
(east).
93.9  Turn right onto Sulphur Springs Road,
: continue straight on gravel portion.
94.1  Stop 8, Sulphur Springs (Baker Creek).

Note footbridge and pullout on left.

Stop 8. Sulphur Springs (Baker Creek)

Stop 8 includes visits to two sites. The
first is to the Sulphur Springs discharge point
along the upper reaches of Soap Creek, and the
second is to a mesoscale landslide site along
Baker Creek (Fig. 1 and 2).

Sulphur Springs is a low-discharge spring
located on the north bank of Soap Creek, di-
rectly upstream from the confluence with Baker
Creek. Sulphur Springs was a popular recre-
ation area in the late 1800s and early 1900s.
Today the site constitutes part of the Oregon
State University Research Forest facility. The
spring emanates from a veneer of valley-bottom
alluvium, overlying hydrothermally altered
basalt of the Siletz River Volcanics (Fig. 3). The
Siletz River Volcanics are highly fractured and
associated with significant zeolitizAtion. Zeo-
lites are a group of hydrous-silicate minerals
that commonly occur as secondary deposits in
association with low-grade alteration. Water
chemistry of Sulphur Springs was compared to
that of Soap Creek using a basic set of field
parameters, the results of which are shown in
Table 4.

Field data suggest that water emanating
from Sulphur Springs is strongly reducing and

TAYLOR, DUTTON, AND POSTON

oxygen deficient compared to that of Soap
Creek. Stagnant water surrounding the spring
also displays active bubble release and gas
discharge. The working hypothesis is that the
gas discharge is generated by anaerobic bacteria
in the form of hydrogen sulfide (H,S) and
methane (CH,). The sulfur is likely derived
from groundwater leaching of disseminated
pyrite in the altered Siletz River Volcanics.
Sulfate (SO,?) is in turn converted to sulfide €]
?) by bacteria under reducing conditions, with
subsequent release of hydrogen sulfide (HLS)
gas. The methane (CH,) forms from bacterial
decay of organic matter in near-surface, oxy-
gen-deficient water at the Sulphur Springs site.
Field trip participants will be afforded an
opportunity to directly measure a suite of field
parameters, examine additional laboratory
data, and formulate reactions that address the
influence of bedrock geology on the geochemis-
try of surface water in the Luckiamute drain-
age.

The Baker Creek Landslide is 0.5 km
south of the confluence between Baker Creek
and Soap Creek (Fig. 2). The trail starts at the
wooden footbridge and follows an abandoned
forest road that was used for logging-related
activities at McDonald Forest. The landslide
scar disrupts the trail and is readily evident.

The landslide initiated on the fill-slope
portion of the forest road and lies at the base of
a zero- to first-order tributary draining from the
adjacent hillslope to the east. The fresh nature
of the scar (Fig. 7), sparse vegetative cover, and
presence of invasive plant species (Table 3)
suggest that the slope failed during a winter
rainfall event within the past several years.
Geometric analysis of the landslide scar yields a
total transport volume of 750 to 800 m?, the bulk
of which is preserved as hummocky topogra-
phy along the floodplain of Baker Creek. A
complex motion of slide and flow is indicated
by the presence of intact road base partially
mixed with other debris. The landslide mass
has in turn constricted the valley bottom,
providing optimal conditions for beaver dam
construction, ponding, and significant alter-
ation of the hydrologic regime (Fig. 7).

Swanson and others (1990) emphasized
the importance of ecologic links between
geomorphic process, landforms, biotic systems,
and forest-management practices in mountain-
ous watersheds of the Pacific Northwest.
Landslides represent a vegetative-disturbance
regime that effect soil substrate conditions,
nutrient availability, canopy shading (solar
influx), riparian hydrology, and fish habitats.
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Figure 7. Fresh landslide scar and deposits at Stop 8 along Baker Creek. Note constriction of valley
bottom and beaver-dam ponding of drainage. View is from slide scar looking down gradient at snow-

covered colluvial deposits.

Opening of the forest canopy by geomorphic
disturbance results in extensive development
of understory vegetation and multilayered
forests (Swanson, 1980). A disturbed regolith
provides germination sites for a wide variety of
shade-intolerant native and nonnative species
(Pabst and Spies, 1998). Flood disturbance of
bottom land results in similar vegetative
response along floodplain and channel zones
(Hupp, 1988). An anthropogenic overprint is
added to the system in the form of forest road
construction which dramatically alters
hillslope hydrology and increases the fre-
quency of slope failure (Montgomery, 1994;
Wemple and others, 2000).

The Baker Creek Landslide site provides
an excellent mesoscale example of complex
process-response between geomorphic and
biotic system variables. The following is a
summary of system interactions. The forest

road was constructed by cut-and-fill methods
along the lower segment of a hillslope adjacent to
Baker Creek. A culvert was installed at the
landslide site to divert water from the low-order
hollow to the east. Surface and subsurface water
accumulated at the culvert during a high-magni-
tude rainfall event. Increased pore pressure and
the saturated weight of the road fill resulted in
slope failure and mass transport to the valley
bottom. Constriction of the floodplain provided
optimal conditions for subsequent beaver-dam
construction and alteration of the riparian hydrol-
ogy. Beaver ponds dramatically decreased
average daily discharge of Baker Creek, altering
sedimentation patterns, channel geometry, and
displacing the riparian habitat under saturated
soil conditions (after Gurnell, 1998). Opening of
the forest canopy resulted in the demise of shade-
intolerant understory vegetation and incursion of
nonnative plant species. The patchwork of
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geomorphically disturbed hillslopes and valley
bottoms in the Oregon Coast Range acts asa
conduit for the dispersal of invasive species.
The Baker Creek Landslide site represents one
of thousands of similar localities in western
Oregon and provides a model for the complex
interaction between multiple physical and
biological factors.

94.1  Return east on Sulphur Springs road.

943  Continue straight at turn-off to Soap
Creek Road, toward top of ridge.

95.5 Lewisburg Saddle (Oregon State Univer-
sity, MacDonald Experimental Forest).

97.0  Turn left (east) onto Lewisburg Avenue.

98.1 Turn right (south) onto Oregon 99W,
follow signs to Corvallis.

101.5 Return to OSU CH2M Hill Alumni

Center.
CONCLUSION

The Luckiamute Watershed provides a
platform from which to study integrated envi-
ronmental systems in western Oregon. Active
tectonics, extreme precipitation patterns, dy-
namic geomorphic systems, and intensive land
use result in complex interactions between
physical and biological components. The field
stops and discussions provided in this guide
represent a starting point from which science
educators can incorporate integrated natural
science curricula into their respective class-
rooms. The pursuit of such endeavors will be
hecessary to prepare scientifically literate
citizens to make informed decisions about
complex environmental-resource issues in the
21st Century and beyond.
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Field Trip Introduction

‘People
*Trip Leader Introduction
Participant Introduction

*Organizations
*Western Oregon University —
Environmental Science Institute
Luckiamute Watershed Council

*Background
*Luckiamute Watershed — Focus of 2001 WOU
Summer Institute Course
*Undergraduate Science Majors
*Pre-service Science Education Majors -
| *Practicing Science Education Professionals
Integrated Content Modules
*Geomorphology / Hydrology
Field Botany
*Paleoclimatology / Earth History
*Environmental Chemistry
*Goal of the Environmental Science Institute at WOU
Platform for Interdisciplinary Science
*Framework for Summer Courses and Research
+Community Outreach
*Acknowledgments
*National Science Foundation — OCEPT Project
*WOU Division of Extended Programs

*Overview of Field Trip Itinerary (refer to Fig. 1, p. 3)
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Physiographic Setting of the Luckiamute Watershed

*Boundaries
Crest of Coast Range to West (headlands)
*Willamette River to East

‘Drainage Area = 815 km?

Largest Fifth-Field Watershed in central and
northern Coast Range

*Primary Tributaries
Little Luckiamute — northern watershed
Luckiamute — southern watershed

*Secondary Tributaries
*Soap Creek, Maxfield Creek, Woods Creek, Teal Ck

Elevation Range:
*Min: 46 m (150 ft) at Willamette
*Max: 1016 m (3333 ft) at Fanno Peak ' - -
*Avg. Basin Elevation: 277 m (910 ft)

*Basin Morphometry
*Average Stream Gradient: 3 m /km
*Total Stream Length: 90.7 km
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Longitudinal profile along the Luckiamute River (from Rhea, 1993).
Photos from Waichler and others (1997).



Tectonic Setting of the Luckiamute Watershed

*Convergent Tectonic Margin

*Subduction of Juan de Fuca Plate Beneath North America
*Convergent Rates: 3.5-4.0 cm/yr

*Style of Tectonism
*Oblique Convergence
*Tectonic accretion
*Clockwise Rotation

*Coast Range Orogenesis

*Accreted Marine Volcanic and Sedimentary Rocks
*Active Uplift Between 15-10 Ma to Present
*Neotectonics

*General Uplift and Eastward Tilting

*Tectonic Influence on Luckiamute

sLuckiamute drains the eastward tilted flanks of the Coast
Range (Rhea, 1993)

L uckiamute Watershed located at segment boundary of
Juan de Fuca Subduction zone

,\m e —————

/ N L /
/

\



Plate tectonic configuration of the Pacific Northwest.

Terrace Lowering

Development | Local Base Level

Cartoon showing effects of Coast Range tilting on
watershed gradient (from Rhea, 1993)
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Bedrock Geology of the Luckiamute Watershed
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= bedded marine tuffaceous sandstone,
(Uj < siltstone, and mudstone.
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= 2-_' [~ (MMM A thinly bedded marine silstone and
Ol sandtone interbeds. Locally includes
u<.| interlayered basalt lava flows.
w
% Tt — Tyee Formation: Rhythmically
IV A A A A A e e bedded, medium-grained feldspathic
Spencer Fm sandstone and carbonaceous siltstone.
Interpreted as deposits of submarine
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50— Tyee Fm breccia, and lava flows. Local interbeds
> 150 00 0 of basaltic siltstone and sandstone.
é Siletz River Prevasively zeolitized and veined with
< . calcite. Marine origin interpreted as
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el 58 oicanics accreted oceanic crust and seamounts.

BN (tMng: \\“fkafbwafp*7w{ff
"'.Ex ‘K cie A e 5 {

e e A

P g3 b “ "m.';/a.{ PR N
\/\jlw ™y s
L }f 7 * ~,1~ P f{ -‘iwi;‘:{.w‘

- P NG |
S PALL R AN




” \
~ Fault Sso
® Field Trip Stop \\ .
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Qal Quaternary. Alluvium ,
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. ¢
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Tsr Siletz River Volcanics

Figure 3. Bedrock geology of the Luckiamute Watershed (after Walker

and MaclLeod, 1991). Inset map shows grouping of recognized

lithospatial domains: | = Siletz River Domain, Il = Tyee Domain, Ill =
Yamihill-Ti (Tertiary Intrusive) Domain, IV = Spencer-Valley Fill Domain.

\
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Olymipic Watlows lineament

36 m.y.b.p. Early Oligocene

Ocean spreading center { 5{4

Hot spot
55 my.b.p. Early Eocene

Accretionary tectonic model for Siletz River Volcanics
(from Orr and Orr, 1999)

~Siletz River
volcanics /:/

(from Orr and Orr 1999)
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Geomorphology of the Luckiamute Watershed

Valley Floor-Fluvial Regime
Landforms
*Channel
*Floodplain
*Terrace
Small-scale Fans
Strath-pediment surfaces
Low-relief colluvial hillslopes (Spencer Fm)
*Deposits
«Alluvial Fill (sorted sand and gravel)
Debris Flow Deposits (diamicton)
«Slackwater Silts and Clay
*Processes
«Channel Transport
*Overbank Sedimentation

Hillslope-Colluvial Regime
«Landforms
*Ridge tops
Hillslopes-Sideslopes
*Hollows
*Pediment Surfaces
‘Deposits
Colluvium (gravel diamicton)
*Residuum (gravel diamicton)
*Processes
Collvial Creep
Debris Slide / Flow
*Tree-throw / Bioturbation
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American Geophysical Union Fall 2002 Meeting, San Francisco, California
H21C-0842 Fluvial Geomorphology Session

Bedrock Control on Slope Gradients in the Luckiamute Watershed, Central Coast
Range, Oregon: Implications for Sediment Transport and Storage

Stephen B. Taylor, Earth and Physical Sciences Department, Western Oregon University,
Monmouth, Oregon 97360, email: taylors@wou.edu

1. ABSTRACT

The Luckiamute River watershed draina 815 km? along the sast flank of the
Coast Rangs in west-central Oregon. Aclive mouniain buliding and exirems
prdpndlon patterne rasult in a dynamic asysiem

River lo the south, and ths Rickraall Cresk Watershed to the north (Figure 1). Fanno
Ridge sepirales the watershad inlo two tribulary subbasing, with the Litlle Luckiamute
0 the north and the main stem of the Luckiamute propar to the south (Kings Vallay)
(Figure 1). Land surface slevations rangs from 48 m {150 ft) al the confluence with

by
ssaonal 'loodhgmdllopl'm Mduﬂﬁdﬂmuﬂlﬂdﬂm
d by position,

badrock geology, snd

resistance o cruten
Badrock map units are groupad into four hospatial domaine, these include
the Sileiz River Volcanics Domain {south), the Tyse Domain (wesi-southwast), the
Yamhil-intrusive Domain (north-northwesl), and the Valley Fill-Spencer Oomain
(sast). The Sieiz River Domain comprises 19% of the walershed and is mainly
seafioor basall. The Tyee Domain (20% of iolsl arsa) is underain by arkosic
sandstone Whofacies with local mafic intrusives. The Yambhikinirusive Domain
occupiss 23% of the watershed and is charactarized by oulcrop of marine siltstone
nd mafic intrusives, mVlhyFll—SpInchunin(M)llmdnbyl

of marine aluvium. Hillslope landforms and
wﬂmﬂwucm-muom-sluxRM Tyes, and Yamhit domaine, whereas
Buvial and aliuvial of the Valtey Fi Domain.

GiIS-based analyses of USGS 'M DEMs shucidate associstions between
lithospatial domaine and slope gradients. Average gradienis for the V; Fil, Sitetz,
Yamhitl, and Tyse domains are 3.2 (n = 2200702 10-m celle), 12.7 (n = 1510287 10-m
celle), 11.9 (n = 1926899 10-m cels), and 14.5 (n = 2400140 10-m Calis) degraes,

respactively. The Tyes sesccisied with

Domain steeper slopes on
average to the other thrae domaine. In addition, grealer than 14% of the
Tyse Domain arsa has siopes grealer than 25 degrees, comparad Lo lesa than 1% for
the Valley Fil Domain, and less than 8% for the Siielz and Yamhit domaine. Results
dhmm-nmﬁmmmmmmuwm
Oregon Department of Foreslry, suggesiing that hiislopes in the Tyse Domain are

Mn(p«e-lddandn-hmmm-:ﬂ.
of

Domain
{aversge valley width = 274 m) compared 16
a similar-sized drainage arsa in the Yamhil Domain (average valley width = 109 m).
These dais suggest Whal badrock Nhology exerts 8 stong conirol on hilslope
morphalogy, style of hillslope process, and valley erosion dynamics in haadwater
portions of the Luckiamute.
The interplay betwaen hilisiope ranspart mechaniems, delivery rales, and
channal hydraulics control the volume of sadiment exported or siored within a
The sloep, debris-flow-prone slopes and wide
valley boltoms in the Tyse Domain indicate a potential for hilsiope transport raies o
be greater than the ability of the channel syslem 1o sxport sediment. Analytical results
pressnted hersin provide a preliminary datasst upon which to build a fisid-based
sadiment-storage budget for the L The working is is
that the Tyse Domain has a ler volume of valley-bottom sediment in
slorage comparad to the other upiand domaine (Sietz, Yamhi). The model impies
that spatial variation of badrock lithology is a primary factor conliroliing siope gradienis,
hillsiope delivery rates, snd the resulling sediment-iranaport efficiency of the channel
system.

2. INTRODUCTION

are

storage -ylluu {Dietrich lnd Dunm. 1978). The cenirat Coast Range of Oregon
Aclive mountain bullding
mwmwmmmmmrmh-dmwwkmlm
characterized by seasonai flooding, slope fallurs, and debris flow aciivity {Benda,
1980). As such, forested drainage basing export sediment by colluvisl and siluvial
processes in high-gradient channel systems, Understanding the conirols for routing
and storage of sedimenis in thie region are a criticst component of habital
managemant plans (Swanson and others, 1990; Gregory and others, 1989; FEMAT,
1993},

This study involves GIS-based analyses of bedrock distribution and slope
gradianis In the Luckiamute Walershed of Polk and Benlon countles, Oregon (Figure
1). Bedrock and slope gradient dala are sxamined in tandem with valley-botlom
widthe to make inferences regarding controls on sedimenl-iransport efficiency and

the River o 1016 m (3333 fi} al Fanno Peak. The Luckiamite has an
average gradient of 3 mvkm, a lolal stiream lenglh of 95 km, and an average basin
olevation of 277 m (910 R) {Figure 2: Rhea, 1993; Siack and others, 1993).

Channel Elevation (meters)

Channel Distance from Divide (km)

Figure 2. Longitudinal profie and channel gradients of the Luckiamute and Little Luckiamute
ibutaries.

3.8. Climatology and Hydrology

Taylor and Hannan (1998) summarized historic cimata data for westemn
Oregon. The Luckismute siraddies Oregon Climale Zonse 1 {Coselal Area) and 2
(Willamette Valley), with westarly Pacific marina air serving as the primary moisture
sowce. Precipitation pstterna are sirongly seasonal with 75% of the annual tolal
occurring from Oclober to March. Hydrometeorologic svents are driven primarily by
cyclonic and frontal storm sysiems. Rain-on-snow svents are common at higher
elevations.

Annual pri varies greatly from west (0 esst acrose tha Luckiamute
Watershed, as govemned bywulu!y sirflow and a lee-side rain-shadow effect in the
Coant Range. Annual pre in the watershed ranges from 3600 mm along the
northwestemn bcmd.y to 1140 mm in the center of the Wilamette Valley, a west-to-
sast precipitation gradient of 95 mavkm (Figure 1).

The U.S. Geological S maintains a gauging station on tha Luckiamute
River at Helmick State Park (USGS Suvar Station 14180500; Figure 1). The station is
18 km upstraam from the basin outist, with 650 km? of drainage ares positioned above
tha monitoring point {approximatsly so% d Iold) Analysis of stream-flow r-:ord
reveals that ficoding and high to saasonal
patierns. During the winter ssason, mm d-Mn is on the order of 50 m¥/sec,
wiereas summer montie are typified by tess than 3 m¥/sec. The two discharges
of record were obsarved at 700 and 620 m¥/sec during Dacember 1564 and February
1998, respectively. The 100-yr flood sveni sl the Suver Station is marked by a
discharge of 760 m¥%sec (Waichier and others, 1997).

Waichlar and others (1997) darived a rainfall-runoff modsf for the tuckiamule
Walershed. They estimaled an average annual precipitalion of 1894 mm for the sntire

valiey-erosion dynamica in the cenizal Coast Rangs. Aemcm»ﬂmoddhd.wu
relating sediment storage (o hilisiopa delivery Pt
distribution,

with & tolal input volume of 1.23 x 10° m%. A water budgst analysis
indicates that 61% of the (olal annual Mﬂhm.d for as runoff, wheress 39%
is

Figure 1. Physlographic map and spot annual precipiiation for the Luckiamute Watershed.
Abbrevistions Include e = spoi elevalion (m), pop = avarage annusl precipitetion (mm),
HSP = Helmick State Park (USGS Suver Stakion 14190500),

3. GENERAL SETTING

3.A. Physiography

The L River & portion of the Basin in weel-
centrat Oregon (Figure 1). This saventh-order watershed (Strahler, 1957) drains
sastward from the Coset Range inlo the Wikameite River and occupies a told
drainage ares of 815 km2, The Luckiamute Basin is boundsd by the River

in tha form of and gr flow.
3.C. Vapgstation
The Coast Range portion of the Luckiamula watershed liss in the Tsuge

hetevophylia Zone of Frankiin and Dymess (1988). Dominant forest species Include
Pasudotsugs menziesi (Douglas K), Tsuge heferophyNs (westem hemlock), and
Thuja plicate (westem red cedar), with a lesser occurrence of Abiss grandis (grand fir).
These species formed parl of the classic old-growth limber siands thal wera logged
extensively in the Pacific Northwes! during the sarly 1900s. Disturbed valisy zones
are characierized by Alnus rubva (red slder} and Rubus spp (blackberry). Acer
macrophyiium (big leaf maple) is a common iate succession spacies in valley bottoms
and hollows. Balde with meadow grasses and mosses occur locally alom higher
alovation ridge tops. Lower reaches of the L lie

crop and pagture land, with iocal patches of mixed Quercus ganysna (Ovogoﬂ while
o0ak} and urban moaak spaciss.

3,0, Tactonic Setting

The L is situated on a lecionic margin with
1he Juan de Fuca Plale subducting eastward baneath North America. This subduction
zone is associated wilh 8 fong history of oblique convergence, lectonic accretion, arc
volcanism, dextrsl shear, and clockwise rotation (Wells and others, 1984). Long-term
rates of piste converpence average 1.5 to 4.0 cmhr (Adams 1084),

The weelern two-thirds of the Luckiamute River drains the centrai Oregon
Coast Range (Figure 3), This mountsin aystem began to uplift belween 15 and 10 Ma
(Snavaly and others, 1993} and continuse o be neotectonicalty active (Adamas, 1984),
Thus pressni-day relief in the Orsgon Cosat Range is & combination of net uplifi due to
plate convergence and vertical incision by surface processes (Kelasy and others,

9

1884),

Historic releveling surveys of weatern Oregon suggest thai the wastern
boundary of the Luckiamuls is pressntly liting saatward at a rate of approximalely 1 x
10% radlyr with cruetal shortening of 107 yr' (Adams, 1984). Although tik data
suggest that portions of tha Luckiamule are neotectonically active, Miichall and others
{1994) reporied no evidence for historic upiift in this parl of the Coast Range. By
comparing lopographic relationships in thia region to the southern Coast Ranga and
Olympics, Kelsey and others (1994} hypotheeized that the subducting Juan de Fuca
alab le likely segmented ol the latiuds of the Luckismute,

4. BEDROCK GEOLOGY

Yosls snd ofhers (1996) and Snavely and Wels (1996) provided
comprahensive summarise of the bedrock geclogy in the Luckiamiude region. Bedrock
is comprisad of an Eccens (o Oligocens sequance of basaltic volcanic rocks, marine
sedimantary rocks, and mafic inrusives of varying composiion (Figwe 3). In

10 the east, the crest of the Coast Ranga 1o the wast, Green Mountain and Marys

unils Include the Skelz River Voicanics (upper
Palsocens to middc Eocene; 58-48 Ma), Tyee Formation (middie Eocene; 53-48 Ma),

Tt Tyws Fommaton 3
Tor Shetz River Volcanics »_\.

Figurs 3. wmuuwaw-m(-ﬂ-w&-mw
1991). Insst map shows grouping of recognized domaine: |  Siietz River
Domain, H = Tyes Domain, W » Yami-Ti (Teriary N = Spen y
Fill Damsin. Ses lext for discussion.

Yamhih Fm(mmwim.lu‘m),stm(wp-
inlrusions (i

arkosic P ]
fan deposits. The Yamhill For is sitstone and shale
of marine origin. The or [ of arkosic sillstone,

-mm‘-wunchtwpmmdmwm-nwmn-a
and fraciured.

For this study, badrock map units are grouped into four lithospaiial domains in
the Luckiamute, as recognized on the basis of oulcrop patiem (Figure 3). These
include the Sieiz River Voicanics Domain {south), the Tyss Domain (west-southwaest),
tha Yamhil-inirusive Domain {north-northwest), and the Spencer-Valley Fill Domain
(east). The Sileiz River Voicanics Domain comprisss 19% of the watershed and is
mainly seaficor basak. The Tyas Domain {20% of total area) s underiain primarily by
Tyss Formation with local mafic intrusives supporting ridge tops. The Yamhi-intrusive
Domain occupies 23% of the walershed and is characterized by oulcrop of squal

dhv-nmanvmmwm‘cm The Spencer-Valley Fill
Domain (29%) e underiain by a of Spencer v and G
aliuvium, Euhdmunmupﬂhldmmhmwmdmm&qmlmdm
assemblages and surficial processss.

8. SURFICIAL GEOLOGY AND GEOMORPHOLOGY

Gmorphb systems of the Luckiamute Watershed can be divided into &
valley-ficor regime to the sast and a hillslope-cofluvial nglmc 1o the west (Figure 4),
Style of surficial process and landform
position, underlying bedrock geology, and resislance to erosion, Hilslopa landforms
and colkivial processes dominale the Sielz River, Tyss, and Yamhil-intrusive
domains, wheress funial landiorme and alluvisl processes ars characleristic of the
Spancer-Valley Fill Domain.

3.A, Valley floor-fluvial ragime

The lower Luckiamule is characterized by & mix of aliuvial siratigraphic units
and gaomorphic surfaces. Landforme include active channels, floodpiaine, il tarraces,
and strath-pediment surfaces (McDowell, 1991). In addition 10 these fluvial landformes,
the lower Luckiamule is alsc assccialed with swaths of low-relist cotuvial hilslopes
supported by the Spancer Formation (Figurs 4). Preseni-day geomorphic conditiona

A, Generalized Map of Surficial Geology e

o~ v
e’

.--A T

sw NE

3
Spenoer Formation (bedrock)

Figure 4. Surficial geclogy and geomorphology of the Luckiemise River Basin, Surficial
mag unkis are modified from O'Connar and cthers (2001), after Taylor and others (1996).
Cross section shown in frame B represents gensralized isndform stemants sl Halmick State
Park (Location "HSF" on Figure 1).




axtend back to st [esst the Pliocens, the ime at which the Wiamelle River eroded

thvough intrabasingl divides, permitting open drainage to the Columbia River
(McDowell, 1891). Plelstocens ihrough Ndom- ldnco developmeni records 8
complex history of base level Internal cyctas, and

placial-outburst Rooda (Missoula Floods) from the Columbia River system.

Maximum thickness of Pliocsne-lo-Holocens sedim W in the mid-
Willamette Valiey is up 10 150 m (Yeals and others, 1966). Baleter and Parsons (1966)
mapped lerrace and floodplain surfaces in this region on the basis of 1
sol development. mslmmmam-m-vmddm-bmulmom
below the floodplsin, with higher level tarrace surfaces al 12 to 15 m sbove mean
snnual atage (Reckendorf, 1883). The higher-level lerrace surfaces are covered with
rhythmically-bedded, sity siack-water deposita of the Wikametie Formation (Missoula
Flood depoesits; 13.5-12 ka). Thees Isie Pieistocens surfaces are insel with jower
tarrace and flcodplain deposits that are pradominantly Holocene in sgs {posi-Missouls
Flood; <12 ka) (Figure 4; O'Connor and others, 2001).

5.B. Hillslope-colluvial regime

Parsons (1978) presented a geomorphic overview of the Casst Range portion
of the Luckiamnte. Smal-scale intrusions and volcanic rocks support ridge lops and
provide the resisting media for steesp lerrain. On averags, hilsiope gradients range
from 25 to 30% with maxima up to 50%. Local relief is on the order of 300 to 500 m.
This portion of the Luckiamute Watershed is dominated by coliuvial hilelope processes
including stide, debris fow, creep, tree throw, snd faunal turbation. Fluvial raneport
and srosion ocour In narow, low-order tributary valieys. Upland landforms include
ridge tope, side slopes, holiows, landelide scars, and dissecied padiments. Narow
valiy bottoms are geomorphically active with channals, floodptaine, low teracss, and
small-scale debris fans (Balsier and Parsone, 1968).

6. SLOPE GRADIENT ANALYSIS

E s0 — ® Valloy FitSponeer
J mdumurlm
{05 2291568 10-m oolle)
0 -
@ Shetz Domsin
T 0% of Coll Valwes <24* Blope
pron {n = 14A05T4S Yim colle)
1 . Oomaln
3 - 0% of Coll Valusa <24° Biope
3 i {n=1009426 10-m oede)
20 ~ + Tyos Demein
9% of Col Valves <21* Blope
- (0= 2300048 10m colle)

O 1 20 N 4 W W T N W
Slope Gradient (degress)

The central Oregon Cosst Range ls noled for hazarde with
debria flow activity (Gresswell and oihars, 1878; Robinson
iants

morphology  and of sadiment
transporied by drainsge basins (e.g. Hack, 1957; Bull, 1W| Kelson and Wells, WNL
As such, slope gradient -n'yu was on the L

delinsale associations badrock type (l.e. badrock domain), mmpc
morphology, mnd.uld for stope failure.

8.A. Methodology

USGS 10-m dighal sievation models (DEM) were analyzed using & bundie of
Systems software including ArcView 3.3, Idrisi 32, and Surfer

for sach fithospatial domain using m statisticel
6.8, Resuits and Discussion

Tables 1 and 2 present summaries of elevation and siope data for the

uw-nmwnm-d The Tyee and Yamhill domm underiie the uppar reaches of
and Little Lucki y (Figures 1 and 3).
Tww roliof in these domaine exceeds 500 m, wuh valley-botiom slevalions on

order of 65 m.

Cumulative frequancy piots of siope dala illusirate the association belween
gradient and bedrock domain type (Figure 5). The Tyse Domain is associated with
significantly staeper siopes on average compared (o the other thres domains. Average

for the Valley Fil, Sitetz, Yamhill, and Tyss domaine are 3.2 (n = 2200702
10-m celis), 12.7 {n = 1510287 10-m calis}, 11.8 (n = 1926899 10-m cells), and 14.5 (n
= 2409140 10-m Celle) degrees, respectively. Systemalic i-tests of domain means {a =
0.01) document that the Tyee is associated with significanily stesper siopss on
average compared (0 the ciher thres domains. in addition, greater than 14% of the
Tyse Domain arsa has slopes greater than 25 degrees, compared (o less than 1% for
the Valley Fili Domain, and lsss than 8% for the Siletz and Yamhil domaine.

Results of the slope analyses are consistent with debris-flow hazard models
relsased by the Oregon Dapariment of Foresiry (ODF, 2000). Areal analysis of the
ODF datasst show that hillsiopes in the Tyse Domain are most prons to slope faikre
and debris fiow hazard (Figure 6). Robinson and others (1999) conducted a posterion’
analyses of landsiide activity associsted with the February 1996 siorm event in westem
Oragon. Based on reconnaissance surveys and GIS analysie, they that

Fm-a Cumiiative parcen keguency ofsiape gradient for the Luckiamte Basin. Dsts ars
\ast analyses {x = 0.01) document
mnmmm?mwﬁnwnmmmdnomm

5
§ Domain Arsee
4 — Velley Fit-Bpencer Domain » 2284 kem®
- Shetz Demain » 151.2 k'
3 | Yomhminrusive Domein = 1200
a0 |TyeeOomen = 2411 bm!

Percent Total Domain Area in Moderate
10 High Debris Flow Hazard Zone

Figure 8. mm.nmmuwm.mm-mnhmmnn
high debriu-fow hazard zones ae cleseified by the Oregon Department of Forestry (ODF,
2000).

hikslopes ranging from 26 to 39 dagrees are sssociaied with moderate lo high hazard
for shallow rapid landslides. In addition, Robmeon and others (1999) identified the
Tyee Farrnalion as being particularty prone (o slope-failure in tha Cosst Range. These
data suggest that bedrock lithology exerts a s conirol on the style of hikslops
process, regolth development, and relaled jandforms in the upland portion of the
Luckiamute.

Table 1. of forihe L

Lithaspatial  Domain Max Min Ratief
Domain Area (km?) Elov (m) Elev. (m) (m)
Valley Fill- 294 L8 410 1978
Spencer
Siletz 1512 83748 LIA) 5707
Yamhill- 193.0 1009.5 8.3 942.0
Intrusive
Tyse .2 762 [ 2] 2073
Table 2. of Slope for tha |

Vallay Fill- Silstx Yamhill- Tyee

Spencer Intrusive
Max Stops 5.0 1.8 590.0° 82.0°
Avg Slops 32 .y 1.9 14.5¢
Std Dev 3.90° 7.90° 7.97° .10
Variance 15,04 62.49° 63,81 84.28
20th ”* w F1 28
Percentile
% Celis >20¢ 0.7 13 184 88
% Colis >25* 0.2 77 79 143
Totat No. 2200702 1810207 19200909 2408140
10-m Celis

7. VALLEY MORPHOLOGY
Vaitey-widih morphology playe an important role in gaveming the capacity of

mountainous walersheds to export sediment (Taylor, 1998). Miller (1994) observed
that narow valleys promote a high proportion of hydraulic shear sirese per unkt width,
resutting in istersl erosion and esdiment iranspart. Accordingly, wider vatieys resul in
fower unk siream power, promoting ssdiment siorage in floodplaine and \erraces

1994). Thus the betwaen vailsy morphology
and gracient In channel systems is neceasary for the derivation of sediment Fanaport
models,

Valley widihs for the 1 and Littie L were

10 coniowr patterne st 500-m increments in s down-siream
diraction from the drainage divide. Only the lowar-order reaches of the walsrshed
were examined, with rangect sxtents constrained Lo the imits of the Tyss snd Yamhil
lithospatial domains (Figure TA). Analytical resulls are graphically iusiraled in Figurs
78.

Valley widthe for the Luckismute tribulary in the Tyse Domain sverage 274 m
with a standard deviation of 231.5 (n = 67). Comparatively, valiey reaches are
significantty narrower for the Little Lucklamute (Yamhil Domain) with an averags of
109 m (slandard deviation = 73.2 , n = 43). Although the plot in Figure 78 Rustraies
variable expansion and constriction of valisys in both the Luckismiute and Lillle
Lukiamute, data show that on average, across the Tyse Domain covers a
much wider swath of valley floor compared {o 8 simiar-sized ares in the Yamhill
Domain.  This analysis suggests that badrock lithology exerts a sirong control on
valley aroaion dynamics in headwater portions of the Luckiamute,

& Lo Luskinmate River ¥ Lusidumute River

Mex Valisy Width = 334 m Max Valloy Width © 36 m
Avg Valley Width = 1085 m Awmm-ru.l-
Stdev Yalley Wieh s 732 m Valiey Width » 2315 m
Ne. =43 lu,-ll

M
E

00

Valley Width (meters)
£ H

P ST FEYVS FYVYY FOUYY IVTRE SUTRY FUNNS FTTITove |

-
H

Channel Distance from Divide {km)

Figure 78. Piot of valiey width (m) vs. he
ML&LM&MGMMTW“VMMM

fuvial system, turbulent channel sediment out of the walershad as
Mwﬁ.wvmm Each of these processes routes sediment
into and out of slorage, depending on energy level of the system. Starage of sediment
In drainage basins favors conditions where sedimeni supply excesds wraneport

mmbmnmmcu-mumrmm um
gradients and valley-width domain In
me;mmummﬂdmumwh-m
factor controling slope gradients, hillsiope delivery rates, and the resulling sediment-
mmmdwmwm

9. SUMMARY AND CONCLUSION

The Luckiarmuste Watershed in $he ceniral Coast Range of represents
a dynamic geomarphic syslem charactertzed by seasonal fooding and slops falkure,
Style of surficisl process and landiom are
bedrock geology. The Luckiamuie is divided into four domaine including
the Sileiz River (seafioor bassits), the Tyse (arkosic sandsions), the Yamhil-inirusive
{marine silstone and gabbro), and the Valley Fil-Spencer (Qual alluviven end
Terliry marine sandatona). GIS-besed anslyses of USGS 10-m DEMs slucidele
sasocialions batween ithology and siope gradients. The Tyss Domain is sssaciated
with significantly steeper siopas, wider valley bottoms, and higher occurrence of siope
failura compared to the other thres domaine, The comparalively stesp, debris-Row-
prone siopes and wide valley bottome in the Tyse Domain indicate a potentinl for
hiltslope transport rates to be greater than the abiity of the channel system to export
sadiment. The model suggests a net defici of uni stream power along the lowar-
adupmmamumm.mq results pressnied hersin provide
ary daissel upon which 10 build a fleld-based sedimant siorage budgel fer
maLuckI-vMQWIGM To this end, work in the near future wilt involve detalied
mapping and estimates of sadiment slorage volumes in valley-botiom

comp:
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Typical distribution of CHTs in a mountainous watershed.

13



\\
Hal Holocene Alluvium »

Qff2 Missoula Flood Deposit‘s'-\‘,

A. Generalized Map of Surficial Geology ,.
. ’-O’
] -
’/.\ﬁ 5 ‘l'\-~,/ - ’n' \'|_~,"\
' SSey == Qr-c2 Hillsiope- Valley
=, *J 2 Colluvial Floor-
il
‘-
-s\
‘o
Y
L Qr-c2
-
s"""”
»' Qau
()
/ Qr-c2
4,
\“
S =
L
s--\
\ Qa

Luckiamute River
(Incised Channel)

High
Middle Terrace
Terrace Low (>12.0 Ka)
>12 Ka Terrace
( ) (<12 Ka)

i

Older Pleistocene
Gravels (not exposed)

0 Spencer Formation (Bedrock)

0 500
meters

(13.5-12 Ka) ;o
Qau Quaternary Aliuvium e
Undifferentiated ;
Qtg Quaternary Terrace {' S
Gravels < R4
-
Qre1 Quaternary Residuum- ) e? N .8 .~ N
Coliuvium (low relief hillslopes)s s’ ~~, /' 0 5 km
- - 14 -~
Qrc2 Quaternary Residuum- M M\ .
Colluvium (high relief hillsiopes)
N
B. Generalized Geomorphic Cross-Section (Stop 6)
SwW

Figure 4. Surficial geology and geomorphology of the Luckiamute River

Basin. Surficial map units are modified from O'Connor and others (2001),
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after Taylor and others (1996). Cross section shown in frame B represents

aeneralized landform elements at Helmick State Park (Stop 6).



Table 1. Debris flow hazard potential ranked by lithospatial
domain, Luckiamute Watershed (data derived from Robinson and
others, 1999)

Lithospatial Domain Percent of Hazard
Domain Area Domain Areain Rank
(km?2) Hazard Zone
Tyee 241 38.1 1
Yamhill-Ti 193 24.6 2
Siletz River 151 30.2 3
Spencer- 229 0.7 4
Valley Fill
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Luckiamute Basin Debris Flow Hazard Zones (OR Forestry)
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Luckiamute Basin Avg. Annual Rainfall (Cl = 5 inches /yr)
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1990 Average Annual Precipitation for the

40 - 35 Luckiamute Watershed (inches) (from the

55-70 Oregon Climate Service)
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120 - 130 | Annual Precipitation

130 - 150 Basin Maximum: 3600 mm (>140 in) — Divide

150 - 165 Basin Minimum: 1140 mm (~45 in) — Willamette Valley
Basin-wide Precipitation Average = 1894 mm (~75 in)

165 - 180 Seasonal Precipitation Cycle (October — March)

No Data

16



Simulated and Observed Average Monthly Precipitation Totals
for Corvallis {1947-1996)
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c 01996
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(Waichler and others, 1997)

Water budget for Luckiamute Watershed (Waichler and others, 1997)
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Vegetation Distribution in the Luckiamute Watershed
(from Oregon State Vegetation Map)

Oak-Conifer Mosaic

Agricultural Land

l Mixed Fir-
Deciduous
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Stop 1. Kings Valley (Hoskins)

*Physiographic Location
*Main Stem of Luckiamute River (southern watershed)

*Bedrock and Surficial Geology
«Stop is at location of prominent occurrence of Quaternary alluvium
Hoskins lies just west of Kings Valley Fault (Figure 3, p. 10)
«Stop is near boundary of Tyee and Siletz River lithospatial domains

Content Piece — Geomorphic Mapping
-Systematic geomorphic mapping forms basis of watershed analysis
‘Refer to Table 2 (p. 18) for map criteria from Taylor and others
(1996)

Principal landform elements recognized in the unglaciated, humid-mountainous
landscape of the central Appalachians, analogous to the Oregon Coast Range.
Label identification is as follows: R = ridge, N = nose, S = side slope, H = hollow,
CH = channel, FP = floodplain, T1 = low terrace, T2 = intermediate terrace, F-t =
Fan terrace. Photograph is from the North Fork basin, Pocahontas County, West
Virginia. See text for discussion.
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Table 2. Four-fold surficial map protocol for unglaciated mountainous
landscapes (after Taylor and others, 1996).

1. Age of surficial material 3. Landform Units

H = Holocene (< 10,000 years old) A. Hillslope

W = Wisconsin (89 to 10 ka) n = nose

! = lllinoian sl = side slope
P = Pleistocene undifferentiated h = hollow

EP = early Pleistocene

MPI= middie Pleistocene

LP = late Pleistocene

Q = Quaternary undifferentiated
CZ = Cenozoic undifferentiated

2. Origin of surficial process
A. Hillslope

r = residuum (in situ regolith)
¢ = colluvium (mass wasting)
ds = debris slide

rf = rock fall or topple

B. Valley bottom

a = stream alluvium (normal flow)
hef = hyperconcentrated flow

df = debris flow

sw = slackwater deposition

C. Lacustrine

I = lacustrine deposit, undiff.
Ib = lake-bottom deposit
Id = lacustrine deltaic

D. Other

g = glaciofluvial, undifferentiated
go = glacial outwash

e = eolian

¢r = cryoturbation

x = anthropogenic disturbance

f = artificial fill

rk = bedrock
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veneer = < 2 m of regolith
blanket = > 2 m of regolith
bf = boulder field

bs = boulder stream

pg = patterned ground

tls = talus

B. Valley bottom

ch = channel

fp = floodplain (R.l. </= 2-3 yr)

t = terrace (i1, t2 ...tn; height above river)
f=fan

f-t = fan terrace (f1, f2 ...fn; height above river)
a = apron (footslope deposit)

lo = lobe

v =levee

ox = oxbow, abandoned channel

C. Other

ft = flow track (debris flow)

hm = hummocky topography

rb = rock block-slide deposit

X = excavated, fill, disturbed ground
d = delta

4. Material (composition and texture)

b = boulders (>256 mm clast supported)
¢ = cobbles (64-256 mm clast supported)
p = pebbles (4-64 mm clast supported)
g = gravel (>2 mm clast supported)

sg = mixed sand and gravel

s = sand (0.05-2.0 mm)

st = silt (0.002-0.05 mm)

cy = clay (<0.002 mm)

I = loam (mix of sand, silt, clay)

d = diamicton undifferentiated

bbd = very bouldery diamicton

bd = bouldery diamicton

cd = cobbly diamicton

pd = pebbly diamicton

ds = sandy matrix diamicton

dt = silty matrix diamicton

dy = clayey-matrix diamicton

rk = bedrock (modify by lithology)

rs = rotten stone, saprolite

tr = travertine

tu =tufa

ma = marl

og = organic-rich sediment

w = water

u = unkown



Stop 2. Falls at Falls City

*Physiographic Location
«Little Luckiamute River (northern watershed)

*Bedrock and Surficial Geology
*Stop is located at prominent knick point of Little Luckiamute
*Stop is located in the Yamihill-Intrusive lithospatial domain
(Figure 3, p. 10)

Content Piece — Fluvial Erosion Dynamics

*Knickpoint = hydraulic step in gradient

Falls are fracture and bedrock controlled

*Headward erosion, block plucking, and wall-rock undercutting

*Stream Stream Power = (Discharge) x (Gradient) x (Specific Wt.)
*Stream Power > Load = Erosion
*Stream Power < Load = Deposition

sLittle Luckiamute Channel Condition at Stop 2
*Channel under capacity with respect to sediment load
*Power > sediment load
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Stop 3. Black Rock

*Physiographic Location
+Little Luckiamute River (northern watershed)

*Bedrock and Surficial Geology
*Stop is located in the Yamhill-Intrusive lithospatial domain
(Figure 3, p. 10)
*Yamhill Formation outcrops in channel bottom
*Note colluvial hillslopes, alluvial deposits, channels, floodplains,
terraces

Content Piece - Field Botany
*Botanical Survey Techniques
*Invasive Plant Species
*Riparian Habitat

REFER TO DUTTON HAND OUTS AND TABLE 3 (P. 26)
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Table 3. Occurrence of common invasive plant species at select field trip
localities in the Luckiamute Watershed (BR = Black Rock—Stop 3, HSP =
Helmick State Park—Stop 6, SSp = Sulphur Springs—Stop 8).

Species Origin Occurrence
BR | HSP| SSp

Capsella bursa-pastoris Europe X X X

(shepherdspurse)

Cichorium intybus Medi- X X

(cichory) terranean

Cirsium arvense Eurasia X X

(Canada thistle)

Cirsium vulgare Eurasia X X

(buil thistle)

Conium maculatum Europe X X

(poison hemlock)

Cytisus scoparius Europe X X
(Scotch broom)

Daucus carota Europe X1 X
(wild carrot)

Digitalis purpurea Europe X X
(foxglove)
Dipsacus fullonum Europe X X X

(common teasel)

Hedera helix Eurasia X
(English ivy) Africa
Hypericum perforatum Europe X X

(common St. Johnswort)

Lamium purpureum Europe X X X
(purple deadnettle)

Leucanthemum vulgare Europe X
(oxeye daisy)
Rubus armeniacus Armenia X X X

(Himalayan blackberry)

Rumex acetosella Europe X X X
(red sorrel)

Senecio jacobaea Europe X X
(tansy ragwort)

Solanum dulcamara Europe X X
(bittersweet nightshade)

Tanacetum vulgare Europe X X
(common tansy)

Taraxacum officinale Europe X X X
(dandelion)
Verbascum thapsus Eurasia X X X

(common mullein)
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En Route to Stop 4

+Views of Laurel Mountain
*Elevation = 3589 ft
«Average annual rainfall >3800 mm/yr (one of three local maxima in
Coast Range (refer to precipitation map, p. 16)
+1996 Debris Slide / Flow Scars
*Erosion rate = 42 m3/ha
‘Note Intensive Land use and Forestry Practice

Stop 4. Road Aggregate Quarry

*Physiographic Location
«Little Luckiamute River (northern watershed), crosses over divide
into Rickreall Watershed

-Bedrock and Surficial Geology

«Stop is located in the Yamhill-Intrusive lithospatial domain
(Figure 3, p. 10)

Content Piece — Rock Outcrop of Oligocene Intrusives and Yamhill Fm
*Note intrusive contacts

Regolith (colluvium) overlying bedrock
Spheroidal weathering patterns

“Interpretation of rounded fluvial gravel vs. weathered spheroidal
blocks

«Seondary mineralization (zeolites)
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Stop 5. Coast Range Drainage Divide

*Physiographic Location
Rickreall Watershed; Coast Range drainage divide

Content Piece
«Overview of east flanks of Coast Range, Willamette Valley, western
Cascades in the distance
*Ridge residuum as a regolith deposit
«Concept of weathering rinds as a relative dating tool
*Note intensive logging practices
*Discussion of effects of logging practice on geomorphic process

LUNCH STOP
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En Route to Stop 6

«Drive from Falls City, out of Yamhill-Intrusive Domain, into Spencer Fm-
Valley Fill Domain (refer to Figure 3, p. 10)

*Note change in land use from forestry to agriculture
Stop at Western Oregon University, Natural Sciences Building, for brief

slide show discussion of the Polk County Flora Project and Interactive
Flora ldentification Key

Stop 6. Helmick State Park

*Physiographic Location
Lower Luckiamute River, 18 km upstream from watershed outlet into
the Willamette River

*Bedrock and Surficial Geology
*Stop is located in the Spencer Fm-Valley Fill lithospatial domain
(Figure 3, p. 10)
*Note incised channel characteristics and low terraces

«Content Piece — Field Botany and Flood Hydrology

*Field Botany
Participants are provided an opportunity to use Dutton'’s
interactive flora identification key

*Flood Hydrology
*USGS Suver Gaging Station
*Recurrence intervals and seasonal discharge patterns (p. 32)
*Paleoflood hydrology
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Streamflow Return Intervals

Luckiamute R. at Suver
30000 "
100 yr Flood = o*
27,000 cfs > o*
25000
- 20000
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x 15000
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Discharge characteristics for Luckiamute River, Helmick State Park
(from Waichler and others, 1997).
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En Route to Stop 7

Poston discussion of agricultural land use, crop mapping, and related
environmental chemistry

SEE ATTACHED POSTON FIGURES ON P. 34-37
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Water Quality Standards

Borrowed from Table 21.9, "'Principles and Applications of Inorganic Geochemistry'', Gunter Faure,
MacMillan Publishing, 1991

lem cceptab ©
C:m;(l)lltn(:; !éoncl:antr:ftion, mg/L lSources of Contamination
‘ 4 Cations and Anions
Arsenic 0.05 jherbicide used on land and water
Barium 1.0 {barite (BaSO,) and witherite (BaCQ,)
Cadmium 0.01 ine tailings and industrial effluents
Chromium 0.05 findustrial effluents
Copper 1.0 faquatic herbicide
Iron 0.3 jminerals of iron
Lead - 0.05 findustrial effluents and uses
Manganese 0.05 jminerals of manganese
Mercury 0.002 t:zngrals of Hg, aptifungal agent, combustions of coal and petroleum,
ning and smelting of Hg
Silver |} ~0.05 Jbactericide, natural occurence
~ Zinc 5 Inatural occurence, industrial effluent
Fluoride 2.0 natural occurence, industrial effluent
Chloride 250 {NaCl brines
Nitrate (as N) 10 jfarm runoff e ,
Selenium | - 0.01 {natural occurence, fertilizer, combustion of coal and paper
Sulfide 0.002 Joxidation of organic matter
Sulfate 250 Joxidation of sulfides, oilfield brines, brine lakes
N , Acidity and Dissolved Solids ) .
pH 6.5-8.5 facid rain, mine drainage, industrial effluent
DS 500 -eyaporative cox:ncentration
| dlscharge of brines 7
v Chlorinated Hydrocarbons
Endrin 0.0002
Lindane 0.004 .
Methoxychlor 0.1 pesticides
Toxaphene 0.005 ,
Chlorophenoxys
2,4-D ' 0.1 .
2,4,5-TP (Silvex) 0.01 herbicides
Radioactivity
Ra 5 pGi/L
Gross Alpha 15pCGi. e
Gross Beta 4 millirem/yr

Source: United States Environmental Protection Agency, 1986, EPA national drinking water regulations, Code of Federal

Regulations, 40(143), Appendix V, p. 187 and 40(265), Appendix V, p. 621




Storm Hydrographs Track Pesticide Mobility

Ill|l|lI|.!‘7lt"|lll ||lll:l1:;.|l;‘l|‘°o
or Crask near M. Angel i 8 Lucklamute River Stream Flows
11/98 - 9/30/99 (Suver, OR)
: -
3 |1
£ ]
g 2008
£ H :
y ]
é 100§
&' é ,
US|, 8 8288838
OlJ FMAMJJAS = £85I 5
19903 1994 1995 g v ¢ = 9 = = 98 a
A | wers highest during spring fol- Pate ->
lowing pesticid: lication, but { high
tratlons also occurred during fall runoff.

Past and Present Willamette Valley Pesticides and Uses

"BRAND NAME"

(CHEMICAL NAME) STRUCTURE USE CROPS
"Farmco Atrazine" & broadleaf and grassy weeds corn, Christmas trees, conifer reforestation
N\ plantings
e 1L
O TS
"Lorsban" o Y, com rootworm, comstalk borer, corn grain, fruits, nuts
o/ maggot, termites, fire ants
Chlorpyrifos 4 \L
"Crossbow" o broadleaf weeds cultivated agriculture, pastures, rangelands,
: ha forest management
2, 4-D Ho o—©~m
"Chlorophenothane” @ insecticide no longer used in the US

44-DDT @ @

"Banvel” o 40 broadleaf weeds grain crops, grasslands
Dicamba - oﬁc

"Karmex" F broadleaf and grassy weeds, mosses friuts, alfalfa, wheat

D W
iuron )
"Roundup” on broad spectrum and nonselective grasses
Ny /\N o herbicide
Glyphosate |
o

"Heptamul” g termites, ants, and soil insects seed grains

Heptachlor
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Stop 7. Coffin Butte Landfill

*Physiographic Location
*Unnamed tributary of Soap Creek
*Note EE Wilson Wildlife Refuge to east
*Bedrock and Surficial Geology
«Stop is located at quarry exposure of Siletz River Volcanics
(Figure 3, p. 10)
Note pillow basalts, secondary zeolite mineralization, and regolith-
bedrock contact

-Contént Piece — Landfill Technology

*Overview of Coffin Butte Landfill
«700 ac, former Camp Adair Army facility
«Second largest landfill in Oregon, 1200-1700 tons/day
Landfill set on top of 10-20 m of terrace gravels and Siletz River
Volcanics (refer to p. 40 diagram of landfill)

Landfill Technology
Liner System / Leachate Collection System
*Groundwater Monitoring Network
*Methane Extraction Wells
*\Waste Water Treatment Plant
*Methane Electrical Generation Plant
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Table 4. Field chemistry of Sulphur Springs and upper Soap Creek at
Stop 8. Explanation of units: mS = microSiemens/cm, S.U. = Standard
pH Units, mV = millivolt, ppm = parts per million.

Field Sulphur Soap
Parameter Spring Creek
Conductivity (mS) 371 104
pH (S.U.) 6.7 7.3
Eh (mV) -287 137
02 (ppm) 1.2 10.0
CO2 (ppm) 15.0 4.0
Sulfide (ppm) 1.0 0.2
Total hardness (ppm) 280 90
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Eh (volts)

Factors Influencing Water Quality and Oxidation/Reduction Profiles

" Industrial Wastes
organics, heavy Environmental
metals . . Microbilogy
Sunlight - photosynthesis
UV photodegradation
0, CO;
A 1
v ¥ renatively high  CO,+H,0+hv=CH,0+0, £
EPILIMNION dissol‘ved 0,, X photosynthesis ", ’
chemical species
) in oxidized forms .
"3 THERMOCLINE

relatively low dissolved £ ..
0,, chemical species P
in reduced forms
exchange of chemical
species with sediments

"3 HYPOLIMNION

Fertilizers
Pesticides

Natural
Products

1.4 T 7 7 “ 12T T ! ! ! ' 1.4 T T T T
T=125C :
1ol i Pros = . . T=25°C
™ FCH‘ \01’;‘.\ an....... l=blaU"“ 12 s'\. Fe(OH)* Prow=1bar 120
r4~\__ = -6
NN L T Yy SN 1.
il 5 T . | N,
o 0.6¢ ", . - 0.8} o3te,
' N ® @\Fe(OH); Sy, di
: b 0.4 5\ Ko, ~ 0.6 N w| Ry,
Py z Fe¥* % Hite ANEE-) ~8
- z . = - 194
LN g 02 % 1 = 04 \\I Si .
RN it : Siderite < 02k Fe™* {\ | 44
‘\ 0.0, & \
~. -
b o £ (o:'\ 0.0 <., FC(OH)‘ o
\ ~0.2f~ \1;:'_\ A\
-w Hatima) -02F iy, Fe(OH)' N -4
-0.4f 04 o AN
-4 agn,
e | 0.6 b”"r\y i. \\ ~-8
o s -0.6 B~ \
T e -0.80—1 ~08 T . . s e
Wlﬂl %’“:’m“;:“;m: 25°C and 1 sIm 1ol presswre. Au 0 2 4 6 8 10 12 14
oy idrbaleey i o
(]
Sulfur Spring Water Data
Locality | remp | Cond | Total pH Eh 0; CO; Fe sulfide
O (uS) _ | Hardness (mV) (ppm) (ppm) (ppm) (ppm)
Soap
12.8 104 90 8 233 1 4 .
Creek 3 0 0 0.2
Sulfur
. 10.8 371 280 73 -98 1.2 15 0 1.0
Spring
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Luckiamute USGS Groundwater Study Well Locations

Clam_strms.shp
® Clip_luck_nonstudy.shp

A Usgs_wells_luckiamute.shp
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Early Pleistocene pediments { ? ci f'

The highest Pleistocene landforms preserved in the Wil-
lamette Valley compose the Eola geomorphic surface (Balster and
Parsons, 1968; Fig. 16). The surface consists of small pediment
and strath-terrace remnants and rounded upland surfaces with
hanging valleys. They are widely distributed around the margins
of the Willamette Valley, typically occurring at 150 to more than
250 m above the present Willamette River level (Parsons and
Balster, 1966; Balster and Parsons, 1968; Green, 1983; Parsons,
1985). Parsons and Balster (1966) recognized two topographi-
cally distinct pediment levels within the Eola surface, but it is not
clear whether there are stratigraphic differences between them.
The two levels presumably represent separate episodes of stability
and geomorphic surface development as the Willamette River

WILLAMETTE
~

incised during Pliocene and early Pleistocene time. The pedi-
ments are characterized by distinctive soils—Haplohumults with
deep, red profiles with thick argillic horizons—that are consid-
ered relict paleosols formed in pedisediment (Balster and Parsons,
1968; Green, 1983; Parsons, 1985). The Eola surface probably
formed during early Pleistocene time. Lower, less dissected pedi-
ments mapped along the western margin of the southern Wil-
lamette Valley (Bela, 1979) are probably younger.
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Mid- and Late Pleistocene gravel deposits

i Intermittently throughout Pleistocene time, a series of grav-
@ elly fluvial or fluvioglacial sediments was deposited in the
s | Willamette Valley, and they are preserved today as high gravel
i3] terraces standing 30 to 100 m above the present Willamette River
il level. Allison (1953) recognized three terrace gravel units—the
_.. Lacomb (oldest and highest), Leffler, and Linn (youngest and
i lowest)—along the eastern margin of the southern Willamette
Valley. He tentatively correlated them with the pre-Kansan, Kan-
san, and Illinoisan or early Wisconsinan glaciations, respectively
(Allison 1936, 1953), but actual correlations are uncertain. The
gravel units generally are considered to range in age from middle
i to late Pleistocene (Beaulieu, 1971). The Lacomb and Leffler
{ Himaciiii gravels form high terrace remnants and dissected fans at the
) ~ mouths of tributary valleys, and the Linn gravels occur at or
Figure 14. Willgmette Valley region. CRG, Columbia River Gorge; RB, below the level of the main valley floor. Allison (1953) indicated

River Bend section of Glenn (1965). - . .
that the three gravel units have progressively deeper and more
intense weathering, from younger to older, and he distinguished
them on the basis of depth of weathering and topographic

position.

Tentative correlations of stratigraphic units from the Portland In other parts of the Willamette Valley, later workers gener-
Basin-Tualatin Valley area to the southern Willamette Valley are  ally have correlated gravel units and terraces with Allison’s stra-
shown in Figure 15, but these correlations are not well estab- tigraphy, or they have used a simpler stratigraphic scheme
lished. Correlations among the sub-basins of the Willamette Val- (Schlicker and Deacon, 1967; Beaulieu and others, 1974; Bela,
ley are problematic, because the sub-basins may have had quite  1979). Piper (1942) compiled the most extensive map of the
different histories of base-level and sediment supply. The essential  Pleistocene gravel, covering the entire Willamette Valley, but he
Questions that remain concerning these features are (1) the recognized only one gravel unit. Working in the Portland Basin,
number and age of geomorphic surfaces and associated lithostrat- Trimble (1963) identified three terrace gravel units. He named
igraphic units, and (2) the genesis of each unit. them the Springwater, Gresham, and Estacada Formations, al-
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158 W. R. Dupré and Others
Portiand Basi Tualatin Valley Southern Willamette Southern Willamette Va Wilamette Vall
oo Sacon 1000 . 1589 vt Ve sy
S Recent allyvium Young alfluvium
Recent alluvium Recent aliuvium
:}5 Recert (?) terrace deposits Terrace gravels
Upper Plelstocene sand and silt Lacustrine deposits Greenback Member / Greenback Member
Willamette m Willamette
::du:':x :;gos p:ass(g)ave"y' Willamette Silt Willamette silts Formation frish Bend Member Formation u:;g:f"d I?d::\'bserm
Wyatt Member
A A Diamond Hill Member Diamond Hill Member
§ Estacada Formation :) Linn gravels 23:::?; n g:rrr‘nation <
@ / Linn Member Uinn Gravel
& N
Gresham Formation P > Boring Leffler gravels
Portland Hilts Siit
Lava
Springwater Formation Lacomb gravels
Walters H#l Formation
| BoringLava Boring Lava
g Troutdale Formation Troutdale Fm.
3
& | sandy River Mudstone Helvetia Fm.
Figure 15. Correlation of Quaternary stratigraphic units of the Willamette Valley and adjacent areas.
Alternative stratigraphic schemes for the Willamette Silt/ Willamette Formation are shown in the three
columns to the right.
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Figure 16. Generalized cross section of geomorphic surfaces at about the latitude of Salem. Subsurface
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foothills at the southwestern edge of the northern Willamette
Valley. This suggests that thin eolian deposits, possibly related to
the Portland Hills Silt, may be found elsewhere in the Willamette
Valley.

THE LATE WISCONSIN WILLAMETTE
FORMATION AND RELATED DEPOSITS

Early work

Much of the floor of the Willamette Valley is underlain by
horizontally bedded silt and associated deposits, whose petrology
indicates derivation from a source outside the Willamette wa-
tershed. Condon (1871, 1902) originally proposed that these are
estuarine deposits that accumulated in a2 “Willamette Sound”
created by eustatic sea-level rise. Allison (1933, 1935, 1936,
1953, 1978) postulated that they are lacustrine slackwater depos-
its that followed glacier-outburst floods down the Columbia
River from Glacial Lake Missoula and during the Wisconsinan
Stage (Bretz, 1925). Allison named them the Willamette Silt. The
Willamette Valley deposits are very similar to the Touchet Beds
of southern Washington, which also are slackwater deposits of
the catastrophic floods.

The Willamette Silt originally was defined as parallel-v

bedded silt and fine sand, with erratic pebbles and boulders (Alli-
son, 1953; Allison and Felts, 1956). It is thickest beneath the
valley floor at 60 to 90 m above sea level, but a thin layer
extending up to an elevation of 122 m at the valley margins also
was included. The Willamette Silt occurs as fill over the Linn
gravels and older deposits. Erratic boulders to pebbles, of granite,
granodiorite, gneiss, slate, and other rock types foreign to the
Willamette River watershed, are widespread on the surface of the
Willamette Silt at all elevations. Allison (1935) recognized the
glacial origin and upper Columbia River basin provenance of
these erratic boulders and concluded that they were ice-rafted
into the Willamette Valley through ponded water of the “Spo-
kane Flood” on the Columbia River. Pugh (1986) proposed that
the Willamette meteorite, the largest meteorite found in the
United States, was ice-rafted into the Willamette Valley during
these floods.

Description and origin of the Willamette Formation

Deposits overlying the Linn Formation are known to be
stratigraphically more complex than Allison’s original concept of
the Willamette Silt (Glenn, 1965; Balster and Parsons, 1969). A
developmental model has evolved that includes two distinct
phases of flood deposition from the Columbia River in the Wil-
lamette Valley (Allison, 1933, 1935, 1978; Glenn, 1965;
Schlicker and Deacon, 1967; Roberts, 1984). In the first phase, a
thick body of low-energy, silty to sandy deposits was laid down,
probably by multiple floods. The second phase, resulting from a
single very large flood, resulted in erosion and deposition of
smaller volumes of (1) sandy to bouldery high-energy deposits

W. R. Dupré and Others

TABLE 2, WILLAMETTE FORMATION CHARACTERISTICS®

Willamette Geometry Lithology Provenance
Formation and
Member Distribution
Greenback <1 m thick; contin-  Pale gray Columbia River
uous mantle over  massive silts, system
valley floor and with erratic
foothills as much  pebbles and rock
as122mas.l.t chips

Malpass Discontinuous Dark gray ' mass- Willamette River
lenses <1 m thick,  ive clay system
widespread over
valley floor

IrishBend 6 to 15 m thick Parallel-bedded Columbia River
body underlying the tansiltand fine system
valley floor below sand
8omastt§

Wyatt Afewlenses<2m  Fluvial-bedded Willamette River

thick, in center of sands and silts§ system$

valley

*Based on Balster and Parsons (1969), except as noted.
tGlasmann and others (1980). a.s.l. = above mean sea level.
§aGlenn (1965).

near gaps where the flood entered the valley, and (2) silty low-
energy deposits across the valley floor. Several additional models
have been proposed, including deposition of both phases by a
single large flood (Trimble, 1963), and deposition of the first-
phase deposits in an environment similar to Condon’s proposed
Willamette Sound (Lowry and Baldwin, 1952; Balster and Par-
sons, 1969; Beaulieu, 1971; Parsons, 1985). The latter explana-
tion requires uplift and/or eustatic sea-level fall to elevate the
deposits to 60 to 120 m above sea level. The alternative models
are not as strongly supported as is Allison’s two-phase model.
Following is my synthesis of the stratigraphy and origin of these
deposits, based on the work of these researchers.

Balster and Parsons (1969) proposed that the Willamette
Silt be renamed the Willamette Formation, consisting of four
members: in ascending order, the Wyatt, Irish Bend, Malpass, and
Greenback. The morphology, lithology, and provenance of these
members are collated in Table 2. The lowermost Wyatt Member
probably represents infilling of river channels, caused by dam-
ming or ponding of the Willamette River at the beginning of the
first phase of slackwater flooding. Unit IT at Glenn’s (1965) River
Bend section may be equivalent to the Wyatt Member.

The Irish Bend Member also was deposited during the first
phase of flooding. This member accounts for most of the Wil-
lamette Silt as conceived by Allison, but it does not include the
thin silt mantle that lies on slopes above the valley floor. Based on
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TABLE 3. GEOMORPHIC SURFACES OF THE WILLAMETTE VALLEY*
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Geomorphic  Surface Dominant Final Major Approximate Typical
Surface Type Surface-forming Surface-forming Associated Age Soils
Process Event Deposits (B.P)
Horseshoe  Depositional Fluvial lateral Fluvial lateral Recent alluvium <300 Fluventic Haploxeroll
accretion accretion
Ingram Depositional Fluvial lateral Fluvial lateral Recent alluvium <5,000 Cumulic Ultic Haploxeroll
accretion accretion
Winkle Depositional Fluvial lateral Fluvial lateral Recent alluvium 12,000 to Pachic Ultic Argixerol
accretion accretion 5,000
Champoeg Depositional Phase 2 flood Phase 2 flood “Lacustrine deposits™t 13,000 Argiaquic Xeric Argialboll,
proximal facies proximal facies Aquic Xerocherpt
deposition deposition
Senecal Erosional Local fluvial Deposition of Willamette Formation 13,000 Aquultic Argixerol,
incision of Greenback Pachic Ultic Argixerolt
Calapooyia surface Member
Calapooyia Erosional/ Plantation of Irish Deposition of Willamette Formation 13,000 Typic Albaqualf,
: depositional Bend Member and Greenback Argiaquic Xeric Argialboll
older deposits Member
Quad§ Uplifted(?) Uplift of Willamette Deposition of Willamette Formation 13,000 Pacific Ultic Argixeroll
Formation deposits Greenback
Member
Bethel** Depositionall  Willamette Forma- Deposition of Willamette Formation 13,000 Aquultic Argixeroll
draped on tion deposits Greenback
erosional draped on low Member
bedrock knolls
Brateng* Depositional  Greenback Member Deposition of Greenback Member 13,000 Ultic Haploxeralf
draped on deposits draped Greenback over Tertiary bedrock
erosional on hillsiopes Member
Dolph Depositional/ Fluvial/glaciofluvial Deposition of Lacomb and Leffler Mid-Pleistocene Ultic Haploxeroll,
some aggradation Greenback gravels, with Green-  or younger Ultic Haploxeralf
erosional Member back Member in
places
Eola Erosional Pedimentation Deposition of Unnamed pedi- Early Xeric Haplohumuit
loess, gravels, sediment, Lacomb Pleistocene
or pedisediment and Leffler gravels,
Helvetia Formation,
Portland Hills SiltS§
Looney Ei’osional Mass movement Ongoing mass  Colluvium Time-trans- Typic Haplohumutt,
movement and gressive Typic Haplumbrept

slope erosion

*Based on Balster and Parsons

tschlicker and Deacon (1967).

(1968, 1969) and Parsons and others (1970), except as noted.

$No direct evidence for uplift; probably should be subsumed under the Bethel geomorphic surface.

*“Recognized by Gelderman and Parsons (1972) near Amity (Fig. 14).-

tF\ecognized by Glasmann and others (1980) in a small study site 3 miles south of Monmouth (Fig. 14), but probably widespread.
§8Green (1983), Parsons (1985),
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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
mainvalleybutsomeaslowas10.5minthe 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
occurs 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 originis 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, schist, argillites,
and phyllites. Allison (1935, 1936) noted atleast 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. .

Theerraticrocksall requiresome 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 were broughtinbyglaciers
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, to create the “Spokane
Floods,” between about 156 ka and 12.8 ka years
before present (Allen et al., 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

FRANK RECKENDORF
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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 | Weasthered soils and | Middle
Hills, Eola Hills, Red | of hilis. deeply weathered Pleistocene
Hills of Dundee, Hills gravels. :
near Lacomb

Dolph Three miles north of | Variable but as many | Exteasive flats Middle
Dallas, OR Dolph as three dissected underiain by Pleistocene
Comers. Also, near | flats. Numerous weathered gravels,

Alvadore. small pediments. sand and clays and
surface ermatics.

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

Calapooyia | Southem part of Flat main valley floor, | Greenback Member | Late
Willamette Valley little relief, light and Malpass or lrish | Pleistocene
particulary along the | colored areas on 8end Members. Or,
eastem part of photos are poorly Greenback and/or
Calapooyia River. dralned depressions | Malpass over buried

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 Cslapooyia surface and Malpass or lrish | Pleistocene
Woodbum. and development of | Bend Members. Or, -

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

streams shortly after

Greenback Member

deposited.

Champoeg Two miles southwest | Moadification of Tomrentially, cross- Late
of Newberg near Calapooyla and bedded sands or Plelstocene
Champoeg Park. . Senecal surfaces. gravel, probably of

Small pediment-like | Glacial Lake
tandforms make up Missoula fiood ofigin.
the greater part of the

Champoeq.

Winkle Winkle Butte, 10 B8road abandoned Fine textured Late
miles south of flood plain in the sediment, over Pleistocene
Corvallis. Willamette Valley gravel. Lake beds of | to Holocene

and oldest surface peat and muck.
related to present

drainage system.

Also, old lake beds

like Lake Labish.

(continues on next page)
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Table 1, cont. Willamette Valley Geomorphic Surfaces
(Balster and Parsons, 1968, 1969, and Parsons, Balster, 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 | flood plains of the sediments. Holocene
northeast of Willamette River and -
Harrisburp. its tributaries.
Horseshoe Horseshoe Istand The lower flood plain | River channel bars, Predominantly
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 Loonay Butte. of valleys, and ridges
that make up the
dissected steeply
sloping landscape.
Luckiamute | Luckiamute River Flood plains of Flood plain and Of Any Age
Valley near town of streams that flow out | alluvial fan deposits
Pedee. of terrains composed | of tributary streams
of Eola, Dolph, and too small to map as
Looney surface, and | Horseshoe or Ingram.
associated alluvial
fans.
Mass No formal focation. Hilly areas of the Mixed side valley - Of Any Age
Movement Willamette Valley alluvium, and
with mass ‘ slumped materials.
movement, slump '
blocks and mud
flows. Frequently
hummocky, iregular
topography with
poorly drained
depressions.

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

Brateng
Glassmanand 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. I 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.

GEOMORPHIOGY, STRATIGRAPHY, AND SOL INTERPRETATIONS, WILAMETTE VALLEY, OREGON
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Table 2. Willamette Valley Geomorphic surfaces,

Representative Solls and Stratigraphy

Geomorphic Serles Subgroup Particle Stratigraphy and Speclal
Surface Size Class Other Interpretation
Eola | Bellpine Xeric Clayey Side valley alluvium | Erosion ‘
Halplohumuft over paleosol, and.
weathered soils over
B saprolite.
Bacona Typlc Fine-silty Side valley slluvium | Erosion
Halpohumutt over paleosol and
weathered soils over
saprolite. Erratic
pebbles.
Olyic Typic - Finedloamy | Side valley alluvium | Erosion
Haplohumutt over paleosol, snd :
weathered solis over
saprolite.
Jory Xeric Clayey Side valley aliuvium | Erosion
Haplohumuit over paleosol, and
weathered soils over
_saprofite.
Cascade Typic Fine-silty Extemal depositional | Erosion
Fragiumbrept silt over reddish
paleosol. Erratic
pebbles & cobbles in
deposttional unit.
Goble Andic - Medial ‘Volcanic ash & Erosion Phosphorus
Fraglumbrept upland silt over in runoff
_ fragipan paleosol.
Melby Umbric Fine Side valley alluvium. | Erosion
Dystrochrept -
Dolph Comelius Moliic Fine-siity Fragipan Eroslon
Fragixeralf
Willakenzie - | Uiti¢ .| Fine-silty Side valley alluvium | Erosion
Haploxeralf over brownish
paleosol
Salkum Xeric Clayey Side valley alluvium | Erosion
Haploxeralf over weathered
gravels. Lacomb &
Leffler weathered
_gravels .
High Willakenzie Uttic Fine-siity Depositional glacial | Generally the highest
Brateng variant, deep | Haploxerall siits on brownish glacial flood level.
Low paleosol. Erratics Variable shape on the
Brateng . landscape.
Helmick Aquic Very-fine Side valley alluvium | Commonly in swale
variant, Xerochrept over depositional shape. One source
moderately clay over Cr. for lower lying
deep Assoclated with the | depositional clay.
upslope claystones, | Variable shape on the
\ slitstones, & tuff landscape.
: sources of clay.
Bethel Willamette Pachic Uitic Fine-siity Greenback over Irish | Stratified soils, well
variant Argixeroll Bend Members. drained, wide crop
: Abundant erratics. vatiety.
(continues on next page)
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Table 2, cont. Willamette Valley Geomorphic Surfaces,
Representative Solls and Stratigraphy
Geomorphic Series Subgroup Particle Stratigraphy and Speclal
Surface Size Class Other Interpretation
Calapooyia | Dayton Typic Fine Greenback in Dayton | Drainage problem
Albaqualf sollis A& E, 2BTis | limits crop varietys
Malpass & 3C is the | and stratified solls.
lrish Bend.
Senecal Willamette Pachic Ultic Fine-sifty Derived from minor Stratified soils, well
Argixeroll incision of drained, wide crop
Celapoaoyia variety.
Champoeg | Multnomah Dystic Fineloamy | Torrentially cross- Well drained coarse
Xerochrept bedded gravels and | soils.
sands. Reflects ‘
Glacial Lake
Missoula flooding.
Winkle Malabon Pachic Ultic Fine Primarily vertical Rarely flooded, well
Argixeroll accretion deposits. drained, wide ctop
Assoclated with variety.
modem drainage.
Sifton Andic Maedial over | Gravelly aliuvium Andic properties
Xerumbrept sandy and volcanic ash.
Labish Cumulic Fine Muck and peat in High organics and
Humaquept ponded areas. phosphorus
Phosphorus sink.
Ingram Chehalis Cumulic Uttic | Fine-silty Vertical & lateral Flooding
Haploxeroll accretion deposits.
Infrequent flooding.
Lacks Bt soil horizon.
| Horseshoe | Camas Fluventic Sandy- Essentially lateral Frequent flooding
Haploxeroll skeletal accretion deposits.
Lacks diagnostic soil
horizon.

may be locally derived from the Paleosol and the
saprolite of the Spencer Formation, underlying the
High Dolph. Thickness of the Greenback memberon
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
thanthe 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-
ence of 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, anditprobablyrepresentsthe Low Brateng.

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 ashigh
as 122 m, as described by Allison (1953), or with the

GEOMORPHOLOGY, STRATIGRAPHY, AND SOL INTERPAETATIONS, WILLAMETTE VALLEY, OREGON
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TECTONICS OF THE WILLAMETTE VALLEY, OREGON
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TECTONICS OF THE WILLAMETTE VALLEY, OREGON

CUT AND FILL STAGE
Holocene
GREENBACK MEMBER STAGE Groenbent Members
Late Pleistocene

(about 13,000 years before present)

Balster and Parsons (1969)

IRISH BEND MEMBER STAGE
Late Pleistocene
(after 28,000 years before present)

Glenn (1965)

LINN GRAVELS STAGE
Middle to late Pleistocene

Allison {1953)

Linn Gravels

Deep weathering
Mols surface)

HIGH TERRACE GRAVELS STAGE
Early to middie Pleistocene

Piper (1943)
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UNNAMED SEDIMENTARY DEPOSITS STAGE

Late Miocene to early Pleistocene

Fine-grained fluviat
(or ovarbank)
deposits

Coarse-grained fluvial
and glaciofluvia) deposits

" Little Butto

Spencer or Volcanics

" "Tyeo

Lateritlc pateoso!
Formation

Eugene Formation

Figure 83,

Depositional history of the southern Willamette Valley,

Oregon, after Miocene time. Modified from Roberts (1984).
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Figure 84, Tectonic map of the southern Willamette Vulley, Oregon. Arcas underlain by alluvial and Nuvial deposits that postdate the
Columbia River Basalt Group ure unshaded: ureas underlain dircetly by bedrock ure shuded, BCF, Beaver Creek fault: CRF, Calapooia River
fault: EAF, East Albany fault; GF, Glenbrook fault: HA. Hurrisburg unticline: JA, Jefferson anticline: LF, Lebanon fautt: MCF, Mill Creck
fault: MF., Monroe fault: OWCF, Owl Creck fault: OKCF, Quk Creck fault: PCF, Pierce Creek fault: RBF, Ridgeway Butte fault: TF, Turner
fault: WHRFF, Waldo Hills range-front fault; WHU, Waldo Hills uplift.
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Figute 1. Index map.

Geology of the Area

Woods Creek and Price Creek drainages are underlain by pillow basalts, breccias, and
pyroclastic sediments of the Eocene Siletz River Formation® (Snavely and Baldwin,
1948). Complex faulting and gentle folding are characteristic of the area and appeat
to have controlled the direction of development of Woods Creek and Price Creek
canyons. Deerslayer and Oakpark gulches are probably not directly related to geologic

structure, but they may be related to fracture patterns in the basalt.

Extent of weathering of the basalts in the area is highly variable. Relatively
fresh, hard rock and soft, clayey saprolite represent extremes. Generally, the bedrock
is highly fractured and has at least a thin rind of clayey, weathered material surrounding
the fragments. Relatively fresh basalt is overlain by only a few feet of rocky soil on
the more steeply sloping landforms of the area. Deep, soft saprolite was penetrated
by hand-augering to 2 depth of 20 feet immediately northeast of Deerslayer Gulch on
a high remnant of an old erosion surface. Relatively fresh, hard basalt crops out near
the bottoms of both Deerslayer and Oakpark gulches (Figure 3).

* §navely and Baldwin (1948) named the unit “Siletz River volcanic series.” Because this usage
does not agree with the meaning of series as defined by the American Commission on Stratigraphic
Nomenclature (1961), the authors use the unit as 3 formation in accord with present accepted
terminology-
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Sediment Transportation on Steep Terrain
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Figure 4. Distribution of large mass-movement
features. Heavy pateert represents movements that have occu

may slightly predate those of Deerslayet and Oakpark guiches. The surfaces of this

latter age group 2are mantled by thin, slightly developed, stony soil. However, soil on

the sideslopes of Woods Creek contains more aggregates (peds) than soil along Deer-

slayer and Oakpark gulches and probably reflects greater time for soil formation.
Air dry samples weighing about 25 pounds each were collected from the upper
foot of the sola along transects as shown on the map (Figure 3)- The samples were

sieved, immediately after collection, through 2 144-inch mesh screet. The coarse ma-

terial was then divided into tWO grades: fragments greater than and less than oneé inch.
Each of these three size grades Wwas weighed 0 the nearest ounce and the weight
recorded. :

Within the area of the map (Figure 5), the steep valley sideslopes ar€ essentially
mall toeslope and a similar small shoulder. The slope gradients
the map . were measured with an Abney® level to determine if
material were related to vasiation of declivities.. No rela-

planar except for a very s
(in pet cent) shown on
obvious differences in size of
tionship is apparent.
Processes of mass wasting,

s

s Trade names and company pames are incuded fot the benefit of the reader and do not imply any
endorsement by the U.S. PDepartment of Agriculture.

such as creeping and slumping tend to produce materials
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Hillslope Map Units (after Hack and Goodlett, 1960)






