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Surface geology, seismic data, petroleum exploratory well data, and water well data

have been used to analyze the structural and tectonic history of the southern Willamette

Valley. Tertiary strata beneath the southern Willarnette Valley appear to have had an early

Cascade or Clarno volcanic source to the east by the middle Eocene. The Tertiary strata

have been deformed into a series of broad north-northeast trending folds and northeast and

northwest trending faults which initially developed under east-northeast compression

during the middle Eocene and have since been rotated clockwise to their present positions.

The cross-cutting pattern of subsurface faults has been complicated by reactivation during

the clockwise rotation of Si to its present orientation of north-south. Uplift of the Coast

Range prior to emplacement of the Miocene Columbia River Basalt Group (CRBG)

produced the gentle east dip of strata beneath the western edge of the Valley and beneath the

CRBG in the Salem and Eola Hills.

The southern Wilamette Valley is controlled by erosion of the relatively

incompetent Eugene Formation following emplacement of the CRBG. Neogene sediments

deposited after this degradational event suggest that during the late Miocene to Pliocene, the

proto-Willamette River flowed east of the Salem Hills before uplift along the Waldo Hills

forced its course to the west. This aggradation appears to have been caused by increased
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uplift of the Coast Range and/or subsidence of the Willarnette Valley over the slab bend in

the subducting Juan de Fuca plate. Degradational and aggradational periods during the

Pleistocene appear to have been caused by readjustment of the Willamette River system to

new base levels and changes in sediment supply to the valley.

Neotectonic features in the valley include: 1) the Owl Creek fault which is at least

Pleistocene in age and possibly younger, 2) the Harrisburg anticline, 3) the Turner fault,

and 4) deformation in the North Santiam River basin including the Mill Creek fault. With

the exception of the Owl Creek fault, the minimum age of these structures is poorly

constrained but is at least post-Miocene and possibly younger.
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STRUCTURE AND TECTONICS OF THE SOUTHERN WlLLAMET1k VALLEY,

OREGON

INTRODUCTION

The Willamette Valley is the southernmost extension of a topographic depression

which continues north through the Puget Lowland and into the Straits of Georgia.

Although the valley appears to be a simple forearc basin produced by the subduction of the

Juan de Fuca plate, the specific cause for the presence, and for the location, of the valley is

unclear. If the Willamette Valley is a tectonic feature produced by active deformation of the

continental crust, understanding this deformation would have important implications for

seismic hazards assessment in population centers such as Portland, Salem, Corvallis,

Eugene and Springfield. However, rapid weathering rates and extensive grassland and

farmland in the Willamette Valley, as well as a thick section of alluvial fill, have made

analysis of structural and tectonic features difficult.

The purpose of this study is to use subsurface data, including proprietary seismic

data, in conjunction with known surface geology to identify structural and tectonic features

within, and adjacent to, the southern Willamette Valley. Having identifed these features,

their age and character must be determined to consider their seismic hazard. In order to

accomplish this goal, a thorough understanding of the bedrock and unconsolidated

sediment stratigraphy must be developed. Although numerous authors, discussed below,

have addressed individual stratigraphic problems within the southern Willamette Valley, no

one has provided a detailed discussion of the valleys complete stratigraphic history. Thus,

it is intended that this research will not only identify seismic hazards within the southern

Willamette Valley but also provide a structural and stratigraphic framework under which

further research into the detailed analysis of these seismic hazards may proceed.



AREA OF STUDY

The area of study, shown in Figure 1, generally extends from 45° to 440 north

latitude. This area does not include the northern Willamette Valley north of the Salem and

Waldo Hills, which is discussed in a companion study by K. Werner (1990). The study

area also covers parts of the Oregon Coast Range and Western Cascades adjacent to the

southern Willamette Valley, with the east and west boundaries at 122°37'30" and 123°30

west longitude, respectively. This area includes the cities of Eugene, Springfield,

Corvallis, Lebanon, and Albany.

PREVIOUS WORK

Initial geologic studies of western Oregon by Diller (1896), Condon (1910), and

Washburn (1914) were followed by numerous more detailed studies by Schenck (1928),

Weaver (1937), and Turner (1938) on Tertiary stratigraphy, as well as local mapping by

Thayer (1939), Baldwin (1948), Allison (1953), Allison and Felts (1956), and Vokes and

others (1954).

Initial descriptions of Quaternary deposits and geomorphic features by Allison

(1933; 1935; 1953) and Piper (1942) were followed by Glenn's (1965) work on the

petrology and history of Pleistocene deposits in the northern Willamette Valley, and studies

by Balster and Parsons (1968; 1969) which extended Glenn's work into the southern

Willamette Valley and provided detailed descriptions of soils and geomorphic surfaces

throughout the valley. In addition, Roberts (1984) and McDowell (in press) provided

excellent summaries of the Neogene development of the valley.

Reconnaissance geologic maps for western Linn County, eastern Benton County

and parts of Polk and Marion Counties were produced by Beaulieu (1974) and Bela (1979,

1980). These maps provided extensive coverage of the southern Willamette Valley at

scales of 1:24,000 to 1:62,500. Compilation by Walker and Duncan (1989) of the geology
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of the Salem quadrangle at 1:250,000 covers the entire southern Willamette Valley and is an

excellent source of data for the Western Cascades.

Well correlations were published by Newton (1969) and Bruer et al. (1984) for

northwest Oregon. Baker (1988) also used well data and outcrops in the southern

Willamette Valley to produce a detailed siratigraphic and sedimentological description of

Spencer Formation, as well as isopach maps of both the Spencer and Yamhill formations.

Additional subsurface data are provided by the micropaleontology reports of McKeel

(1984, 1985) for wells in the Willamette Valley.

Geologic engineering studies in the southern Willamette Valley include a

preliminaiy evaluation of a proposed nuclear power plant at Lebanon (Shaimon and Wilson

Inc., 1974), the superconducting super collider site proposal for the southern Willamette

Valley (CH2M Hill, 1987), and numerous Oregon Highway Division foundation studies.

In addition, many M.S. theses and Ph.D. dissertations have been written on small areas

within the southern Willamette Valley (see "References Cited" below).

TIME SCALE USED

The time scale used in this study is that proposed by the COSUNA Geochronology

Commitee (Fig. 11; Salvador, 1981). The correlation of the benthic foraminiferal zones of

Kleinpell (1938) and Mallory (1959) to this time scale follows that of Armentrout et al.

(1983) with the exception of the Refugian-Zemorrian boundary which is here extended into

the early Oligocene. It should be noted that the benthic foraminiferal zones are based on

stratigraphic sections in California and are strongly influenced by sedimentary

environments. Comparisons with open-ocean planktonic zones show that these benthic

zones are time-transgressive within California basins (Crouch and Bukry, 1979; Poore,

1976; 1980); extension of these zones to Oregon adds additional uncertainty in time

correlation.



METHODS AND DATA BASE

SURFACE BEDROCK COMPILATION

Because this study is part of a regional investigation of the the entire Willamette

Valley and the Tualatin Valley, it was necessary to compile known surface geologic data on

a base map of suitable scale to allow room for the presentation of subsurface data. Surface

bedrock geology was compiled on 1:100,000 scale U.S.G.S. metric series quadrangles.

Data came from published U.S.G.S. and state maps as well as unpublished graduate

theses. The location of these source maps is shown on the index maps on Plate III. Note

that these index maps include source maps for both the northern Willamette Valley

(Werner, 1990), as well as the southern Willamette Valley described here. In addition to

bedrock geology including high terrace gravels, radiometric ages were also included. Field

checking resolved problems that arose from conflicting source maps or questionable contact

relationships. The total amount of time spent in the field was approximately two weeks.

SUBSURFACE BEDROCK INTERPRETATION

Petroleum Exploratory Wells

Thirty-eight petroleum exploratory wells have been drilled in the study area. The

locations of these wells are shown in Figure 2. The quality of the data provided by these

wells is highly variable. All of these wells have some form of mud log or lithology log,

and nineteen of the wells have spontaneous potential and resistivity logs. Where possible,

wells were correlated using these logs. However, facies changes made physical

correlations difficult across the entire valley, thus biostratigraphic correlation based on

micropaleontology (McKeel, 1985,1984) was necessary. Ten of the wells also contained

dip-meter logs which were used in structure contour mapping and structural cross sections,

although the quality of these logs was generally poor.

5
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Seismic Reflection Profiles

Mobil Oil provided over 240 km of multi-channel seismic reflection lines acquired

in 1977 and 1978. The data are 24 fold and unmigrated, and most use Vibroseis as a

source. The quality of the data generally decreases from fair along the western side of the

valley to very poor near the Western Cascades where abundant volcanics attenuate the

seismic energy. In the absence of volcanic rocks, the maximum depth at which reflectors

can be recognized is 2.5 seconds.

In order to fully utilize the seismic data, yet still address questions concerning the

recent structural development of the valley, it was necessary to map the youngest horizon

which is prominent on the seismic lines. This horizon is the contact between the Spencer

Formation and the overlying Eugene Formation. This contact is also significant because it

approximates the Narizian-Refugian foraminiferal stage boundary (Fig. 11) and thus

provides an effective time boundary in the development of the valley. Only those lines

which were of value in mapping the base of the Eugene Formation are shown on Plates I

and II, and Figure 3.

Converting the seismic lines from time to depth was accomplished using synthetic

seismograms generated from the sonic logs of oil and gas exploratory wells drilled

throughout the valley. These synthetic seismograms were created at the O.S.U. College of

Oceanography on a Sun computer system using a program written by John Shay. The

sonic logs were first digitized, and a constant density of 2.67 was applied to the data set to

generate a vertical record of acoustic impedance. The acoustic impedence was then

converted to a series of reflection coefficients applying the equation:

(r2v2-r1 v1 )/(r2v2r1 v1)

in which r=density, v=velocity and medium 1 overlies medium 2. This series of reflection

coefficients was then convolved with a zero phase wavelet to generate the synthetic

seismogram The program also allowed different frequency ranges and automatic gain

control to be applied and tested.



450

440
123°30'

LU

oo OflO%

Salem

N Santiam

basin

>- '

Albany 2
5

6

00

Brownsville

13

1;,

Coallis - 7

Lebanon

44°3O

LU1:ao
z

N

w

0

Southern Willamette
Valley

Seismic Control

Seismic Control
(Numbers referred
to in text)

10 km

8

123° 122°30

Figure 3. Reference map showing the location of seismic control.

Eugene nnglield



9

Because the synthetic seismograms represent a theoretical seismic section which can

be directly correlated to the well logs, they permit an indirect correlation from the actual

rock units recognized in wells to the reflection profile presented by the seismic line (Fig 4).

Important depths on the sonic logs were "flagged" allowing the program to locate these

points on the synthetic seismogram. The synthetic seismogram could then be correlated to

the actual seismic profile allowing important horizons to be identified. As shown on Fig. 5

correlations are not always good. Disruption of strata during drilling often creates lower

velocities on the sonic log than encountered in the strata away from the well. In addition,

slight changes in rock properties between the well site and the location of the seismic lines

can result in differences between the synthetic seismograms and the seismic profiles.

Once the important horizons had been identified on the seismic profiles, the average

velocity to these horizons could be determined using the following equation:

av 2D/(T2+2(AsAdat)/Vdat)

where D = depth below surface, T2 = two-way travel time, Asur = altitude of the surface,

Mat = altitude of the datum, and Vtht = datum velocity.

This was done for seismic lines near four different wells (Porter 1, Wetgen 26-32,

M&P Farms 33-24, and Hickey 9-12). Average velocity profiles were then created by

hand, subjectively tying the velocities at the well sites along the seismic lines, accounting

for structural features observed on the seismic lines (Fig. 6). Generally, velocity profiles

were very smooth except where crossing faults.

Once velocity profiles had been produced along the seismic lines, individual

horizons could be converted to point depths by solving the above equation for D. In the

case of the base of the Eugene Formation, these points were then contoured producing the

structure contours shown on Plates I and II.
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Graviy Data

Residual gravity anomaly maps were used to constrain the orientation of faults

recognized on seismic lines. A residual Bouguer gravity anomaly map for the southern

Willamette Valley based on public-domain data was computer generated by K. Werner

(unpublished data) by filtering wavelengths >50 km from the complete Bouguer gravity

data (Fig. 35). The number of gravity stations located in the southern Willamette Valley is

vety low resulting in poorly constrained contours; however, the map does provide a

general framework for recognizing large structural features in the valley.

A sketch of one industry generated residual gravity anomaly map was also available

for comparison with Werner's map. This map had additional gravity Stations and they

improved constraints over the map using only public-domain data. Many features on this

map are more sharply resolved than on the public-domain map; however, there are no

conflicts between the anomaly patterns on the two maps.

SUBSURFACE UNCONSOLIDATED SEDIMENT INIERPRETATION

Water Wells

Over 20,000 water wells have been drilled in the southern Willamette Valley.

Simple lithologic descriptions provided by the well drillers themselves are available for

each of these wells through the Oregon Department of Water Resources. Many wells are

very shallow and the quality of the lithologic descriptions is generally poor. In addition,

location descriptions for most wells is very poor. However, by selecting only those wells

located to the nearest quarter-quarter section with lithologic descriptions of fair quality, it is

possible to gain a good understanding of the stratigraphy of unconsolidated sediments

within the valley.

Approximately 1800 well reports were copied from state records for detailed study.

Of these wells nearly 400 were plotted and used to constrain structure-contour maps of the

top of bedrock and of the base of the Rowland Formation. Altitudes within the wells were
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determined by locating the wells on 7.5-minute topographic quadrangles, thus determining

the elevation above sea level from which the well was drilled.

In addition, numerous groundwater reports were consulted. These reports

generally provide the same lithologic logs found in the well reports; however, they also

provide accurate locations of wells. Although most wells described in these reports were

fairly shallow, the reports did help in locating several of the deeper wells.

Engineering Drill Holes

Throughout the course of this research, the Oregon Department of Transportation

drilled a number of core holes in the southern Willamette Valley. These coreholes, located

at Corvallis, near the village of Sublimity 1 km north of Stayton, and at the Interstate 5-

Santiam River overpass (Fig. 2), were logged and described with the help of Alan and

Wendy Niem, Ken Werner, Tom Popowski, Russ VanDissen, In-Chang Ryu, and Dave

Weatherby. The continuous cores provided an excellent opportunity to observe the

unconsolidated sediments of the valley in a relatively undisturbed state, and they were

extremely valuable in determining the Neogene and Quaternary stratigraphy of the southern

Wifiamette Valley.

The Department of Transportation also provided data from holes drilled throughout

much of the southern Willamette Valley including: Interstate 5 at the Corvallis-Lebanon and

Halsey-Brownsville interchanges, the town of Tangent, and the southern edge of the

Waldo Hills. The quality of sediment descriptions and the accuracy of drill hole locations

provided by this data are excellent. Likewise, high quality logs from a dozen core holes

drilled for the CH2M Super Collider study (1987) were provided by W. Niem.
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REGIONAL TECTONIC HISTORY

Throughout the Tertiary, the Kula and Farallon plates moved to the northeast

relative to the North American plate, while the Kula-Farallon spreading ridge moved north

of the Oregon continental margin before its demise at 43 Ma (Fig. 7; Wells et al., 1984).

North America-Farallon convergence velocities have slowed throughout the Tertiary to

approximately 35 mm/a based on the Bruhnes-Matuyama polarity reversal at 730 ka, and

convergence may be even slower at present (Riddihough, 1984).

The basement rocks of the Oregon and Washington Coast Ranges consist of

tholeiitic basalts and minor basaltic sedimentary rocks that range in age from 62 Ma to 49

Ma (Duncan,1982). The oldest rocks are present at the northern and southern ends of the

Coast Range and are progressively younger towards the Oregon-Washington border.

Duncan (1982) proposed that these rocks were accreted to the continental margin as a linear

seamount chain generated at the Kula-Farallon spreading ridge over the Yellowstone

hotspot.

Alternatively, Wells et al. (1984) proposed a model in which the Prince William and

Chugach terranes were rifted away from the Oregon continental margin northward towards

southern Alaska. Coincident with this extensional event, North America may have

overridden the Yellowstone hotspot generating the Coast Range basalts. This rifling

geometry might be analogous to that of the Andarnan Sea (Wells et al., 1984).

Following emplacement of the Coast Range basement, volcanism diminished along

the Challis arc and increased along the Western Cascade arc. Challis volcanism extended

from 55 Ma to 43 Ma (Armstrong, 1978) while Cascade volcanism began by at least 42 Ma

(Priest and Vogt, 1983; Lux, 1982) and possibly as early as 48-45 Ma (Baker, 1988; this

study). The Clarno volcanics, located east of the Cascade arc, have been dated at 53.7 to

33.7 Ma (Fiebelkorn et aL, 1982) and appear to be transitional in time and space between

Challis and Cascade arc volcanism (Gromme et al., 1986). Following the initiation
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of volcanism along the Western Cascade volcanic arc, the volcanic front slowly shifted

eastward to its present location along the High Cascades.

Clockwise tectonic rotation has also occurred throughout much of Oregon and

Washington. The age of this rotation is constrained by the fact that the continent-derived

turbidites of Tyee Formation of middle Eocene age are rotated nearly as much as the

underlying Coast Range basement indicating that most, if not all, of the rotation occurred

after emplacement of the basement (Heller and Ryberg, 1983). The degree of rotation

reaches a maximum of 800 in the southern Oregon Coast Range and generally decreases to

the east and north for rocks of equivalent age (Wells and Heller, 1988). The degree of

rotation also decreases in progressively younger rocks indicating that rotation has occurred

over an extended period of time (Fig. 8).

Wells and Heller (1988) proposed that two mechanisms are primarily responsible

for this rotation pattern. Most important are small block rotations within a Riedel shear

system (Fig. 9). In this model, which is based on shear deformation models by Freund

(1974), a dextral wrench setting is created in which blocks bounded by sinistral R' shears

rotate counterclockwise. The fault pattern present in this system may be complex due to

multiple periods of deformation under differing stress regimes as proposed by Wells and

Coe (1985) for southwestern Washington.

A second mechanism which may be responsible for clockwise rotations in western

Oregon is east-west extension in the Basin and Range region. Grornme et al. (1986) use

this mechanism to explain all of the rotation recognized in the Columbia Plateau and the

Oregon and Washington Coast Range; however, Wells and Heller (1988) argued that at

least 20% to 40% of the rotation recognized in the Coast Range has to be due to shear

rotations.

The eruption of the Tillamook Volcanics, the Goble Volcanics, and the Yachats

Basalt from regional dike swarms which were originally oriented east-northeast indicates a

period of north-northwest extension in the Coast Range during the late Eocene and
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Figure 8. Tectonic rotation of Tertiary rocks, grouped by age. BP=Eocene volcanic rocks
at Bremerton-Port Ludlow; BH=Eocene Cresent Formation, Black Hills; WH=
Eocene Crescent Formation, Willapa Hills; G= Ginkgo flows of Wanapum
Basalt; GV=:upper Eocene Goble Volcanics; P0=Miocene Pomona Member,
Saddle Mountains Basalt; OF = upper Eocene and Oligocene Ohanapecosh
Formation; SG=Miocene Snoqualmie and Grotto batholiths; SP=Eocene
Sanpoil Volcanics; TV=Eocene Tillamook Volcanics; SV=Eocene Siletz River
Volcanics; TF=Eocene Tyee Formation; RB=Paleocene basalt at Roseburg;
YB=upper Eocene Yachats Basalt; WC=Oligocene and Miocene volcanic rocks
of the Western Cascade Range; CF=Eocene and Oligocene Clarno Formation;
CB=Miocene Columbia River Basalt Group; SB=Steens Basalt. From Wells
andHeller(1988).
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Figure 9. Schematic model of dextral shear rotation along western North America (Beck,
1980). Circles represent movement in a viscously deforming lithosphere rather
than the actual shape of rotating blocks. Fault patterns that accommodate the
rotation in the upper crust may be some variant of that shown in the inset. From
Wells (1989).
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Oligocene (Wells et al., 1984). Younger intrusions in the Coast Range indicate that this

orientation of S3 persisted until at least the late Oligocene. Likewise, the orientation of

dikes in the Cascade Range, after conection for rotation, indicate north-northwest

extension at 22 Ma, and since the early Miocene, this orientation of S3 appears to have

progressively rotated clockwise to its present east-west direction (Fig. 10; Sherrod and

Pickthorn, 1989; Priest, 1989, Werner et al., in press).

The present orientation of maximum horizontal compressive stress in western

Oregon is north-south. This conclusion is supported by data from borehole breakouts

(Werner et al., in press), earthquake focal mechanisms, post-middle Miocene structural

features and alignments of Holocene volcanic centers. The cause of this north-south

orientation of stress is somewhat enigmatic. Spence (1989) proposed that the northwest

moving Pacific plate is transmitting a north-south compressive stress into the Juan de Fuca

plate across the Mendocino and Blanco fracture zones. This stress is then transmitted into

the North American plate across the strongly coupled Cascadia subduction zone.

Alternatively, the east-west component of stress generated by the N50°E convergence

between the Juan de Fuca and North American plates may be taken up by north-northwest

trending folds observed on the continental self and in the Coos Bay area, thus leaving the

north-south component present in western Oregon (Rogers, 1979; Weaver et al., 1981).
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Figure 10. The orientation of stress at 22, 18-12, and 3.5-0 Ma, inferred from dike and
vein data in the Western Cascades, latitudes 43-44°. "Corrected for rotation"
assumes 14150 clockwise rotation per 10 m.y. From Sherrod and Pickthorn
(1989).
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STRATIGRAPHY

The stratigraphic relationships of the units described below are shown on Figure

11. The unit abbreviations are those used on Plates I and II, and they are described on

Plate III.

BEDROCK

Siletz River Volcanics

The oceanic basalts and interbeds of basaltic sedimentary rocks of the Siletz River

Volcanics (EVsr) form the basement upon which the Tertiary strata of the Willamette Valley

were deposited. This unit consists predominantly of tholeiitic and alkalic pillow basalts,

and massive basaltic flows and basaltic breccias; it is highly zeolitized with abundant calcite

veining(Snavely et al., 1968; Wells et al., 1983). Radiometric dates on these rocks range

from 50.7±3.1 Ma to 58.1±1.5 Ma (Duncan, 1982) or from latest Paleocene to middle

Eocene. These dates are consistent with microfossils from sedimentary interbeds which

were assigned by McWilliams (1980) to the Penutian benthic foraminifera stage of Mallory

(1959).

The base of the Siletz River Volcanics is not exposed. Snavely and others (1968)

proposed that the thickness of the Siletz River Volcanics may be greater than 6000 m. This

thickness is consistent with evidence from an east-west trending COCORP seismic profile

extending into the southern Willamette Valley near Bellfountain (Figs. 12 and 13). This

profile shows gently west-dipping reflectors, believed to lie beneath the Siletz River

Volcanics, at 3-5 seconds, indicating a total thickness of approximately 8 km (Keach,

1986).

The Kings Valley Siltstone (Emsr), the upper member of the Siletz River Volcanics,

consists predominantly of deep marine basaltic siltstone and water-laid tuff (Vokes and

others, 1954). Exposures of this unit are limited to Kings Valley, northwest of Corvallis,

21



Figure 11. Comparative stratigraphic correlation chart for western Oregon. Symbols
identify formations on geologic map (Plates I, H, and Ill). Modified from
Armentrout et al. (1983)
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Figure 12. Deep seismic reflection profile (Oregon 1) from western Oregon recorded by
COCORP in 1984. As interpreted by Keach (1986) the east dipping reflections
D represent a dike near the base of Eocene sediments overlying Eocene pillow
basalts. The gently west-dipping reflections OC, from 3.0 to 5.0 s, may be
from crust underneath the pillow basalts of the pillow basalts, and the deepest
reflections JPF may be from the decollement zone above the subducting Juan de
Fuca plate. From Keach (1986).
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where it is 914 m thick, although similar deposits have been recognized interfmgering with

the Siletz River Volcanics in the northern Oregon Coast Range (Wells et al., 1983). This

relationship may also be found in the subsurface in the Porter 1 and Miller 1 exploratory

wells where mud logs show 3 to 30 m thick deep marine sedimentary interbeds within the

basalt. Microfossils indicate that the Kings Valley Siltstone is middle Eocene (Penutian to

Ulatisian) in age (W. Rau j11 Snavely et al., 1968; McWilliams, 1980).

Synthetic seismograms of the Porter and Miller wells show increases in sonic

velocity near the top of the Siletz River Volcanics; however, the interbedded nature of rocks

below the top of this unit, coupled with the poor quality of the proprietary seismic lines in

the southern Willamette Valley, results in a low amplitude reflector which is difficult to

recognize except where direct correlation with well logs is available (Fig. 5).

Tyee Fornarion

Following the emplacement of the Siletz River Volcanics, a broad forearc basin

developed into which were deposited a sequence of rhythmically bedded middle Eocene

turbidites and deltaic sediments. Baldwin (1974) proposed that south of the Siuslaw River,

these rocks are part of the Tyee Formation while north of the Siuslaw, they are part of the

older Flournoy Formation. This interpretation was disputed by Molenaar (1985), who

abandoned the use of the Floumoy Formation and proposed that the rocks to the north are

correlative with the Tyee Formation farther to the south. In this paper, these turbidites are

referred to as the Eocene marine rocks of the Tyee Formation (Emt).

Thickness of the Tyee Formation decreases from over 1000 m in the Coast Range

northwest of Eugene to approximately 600 m west of Dallas where it onlaps the Siletz

River Volcanics (Yokes et al., 1954; Baldwin, 1964; Chan and Dott, 1983). Well data

indicate abrupt thinning to the east beneath the Willamette Valley. The thickness of the

Tyee Formation in the Gulf Porter well is only 315 m, and to the northeast, the Humble

Miller 1 well penetrates only 51 m of Tyee strata (Figs. 14 and 17). However, siltstone in
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the Porter well, included in the lower Yamhill Formation in this study, has been assigned to

the upper Ulatisian foraminiferal stage by McKeel (1985), and thus may be a facies

equivalent of the Tyee Formation; this would increase the thickness of the Tyee Formation

to 530 m. Along the southeastern edge of the valley, the Mobil Ira Baker 1 well passes

through 92 m of probable Tyee Formation without reaching the base of the formation.

Chan and Dott (1983) proposed that the Tyee Formation was deposited in a delta-

fed shelf-edge turbidite fan system while Heller and Dickinson (1985) applied a submarine

ramp facies model. Both models propose a multipoint source to the south with a direction

of transport to the north. Within the study area, individual beds thin from 4 m in the south

to 10 cm in the north (McWilliams, 1973; Snavely and Wagner, 1964).

The basal contact of the Tyee is unconformable with the underlying Siletz River

Volcanics within and adjacent to the Willamette Valley. In the southern Willamette Valley,

the upper contact of the Tyee with the Yamhill Formation is conformable yet relatively

distinct, while to the north, where the Tyee becomes finer grained and more thinly bedded,

the contact is less distinct.

The conformable contact between mudstone and siltstone of the lower Yamhill

Formation and interbedded siltstone and sandstone of the Tyee Formation is difficult to

distinguish on seismic lines in the southern Willamette Valley. Although the contact shows

up as a fairly high-amplitude reflector on the synthetic seismogram from the Porter well,

this reflector is not observed on the seismic line running through the well (Fig. 5). In the

M&P Farms well, the strong reflection at the base of the synthetic seismogram may

represent the top of the Tyee Formation although McKee! (1985) dates the strata at the

reflector as lower Narizian (Fig. 4). This reflector is present on the seismic line near the

M&P Farms well; however, it is discontinuous and cannot be traced beyond the vicinity of

the well.
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Yam/ill Formation

The Yamhill Formation was originally defined by Baldwin and others (1955) at its

type section in Mill Creek, southwest of Sheridan. Here the Yamhill Formation consists of

a lower tuffaceous siltstone and shale unit 150 m thick, overlain by 150 m of basaltic

sandstone and siltstone which in turn are overlain by 1050 m of micaceous mudstone and

siltstone. This formation extends south into the southern Willamette Valley and crops out

along the eastern edge of the Oregon Coast Range west of the Salem-Eola Hills.

A similar stratigraphy may be recognized in the subsurface. A tuffaceous mudstone

and siltstone unit is overlain by a sandy to conglomeratic volcaniclastic unit (the "Miller

sand") which in turn is overlain by faintly bedded niicaceous siltstone and mudstone

(Baker, 1988). The lower Yamhill mudstone decreases in thickness and interfingers with

the "Miller sand" to the southeast (Plate VII). In the Bliven 3 well, the "Miller sand"

occurs as interfingering beds 1 to 4 m thick. The Wiederkehr 1 well penetrates 238 m of

"Miller sand" overlying 611 m of lower Yarnhill mudstone. In the Miller 1 well, the

"Miller sand" thickens to 579 m while the lower Yamhill member thins to 274 m.

To the southeast, the "Miller sand" continues to thicken at the expense of the lower

mudstone unit, and both units grade into a volcanic facies (Evy)(Plate IV and Figs. 14 and

17). The Porter I well penetrates 1055 m of Yarnhill strata consisting of volcaniclastic

sandstone, siltstone, and 374 m of basaltic conglomerate. Near the top of this section are

two units of basalt (30 and 64 m thick) which have previously been interpreted as flows

entering the valley from the Cascades (Baker, 1988). However, seismic data suggest that

these basalis terminate to the east and are most likely sills intruded at the top of the Yarnhill

Formation. In the Ira Baker well, 1961 m of volcanic rocks are penetrated that are

probably equivalent in age to the Yanihil Formation. Mud logs indicate that these

volcanics consist of basalt, andesite, dacite and tuff with minor tuffaceous mudstone,

siltstone and volcaniclastic sandstone and breccia.
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The upper Yamhill mudstone maintains a relatively constant thickness of

approximately 80 m between the Wiederkehr and Wolverton wells drilled along cross

section D-D'(Plate VII and Fig. 17); however, in wells to the south and east (M&P Farms,

Porter 1), the upper Yamhil mudstone is not present. This absence may due to

nondeposition of this facies in the southern part of the basin, or uplift and erosion of the

upper Yanihill mudstone to the south as shown in Figure 18.

Because of the change in lithology of the top of the Yamhill Formation, the seismic

character of this horizon is also highly variable. To the south, in the Porter well, basalt has

intruded along the Yamhill-Spencer contact and shows as a very high amplitude reflector on

both seismic lines and synthetic seismograms (Figs. 5 and 36). Where the intrusion is not

present, the contact between these two units is very difficult to distinguish. This difficulty

is probably due to similar physical characteristics between the overlying Spencer sandstone

and the underlying "Miller sand" producing a section lacking in strong reflectors.

In the M&P Farms well, the "Miller sand" is also characterized by a lack of strong

reflectors; however, the Spencer sandstone does produce a series of reflectors which are

fairly continuous up to 7 km away from the well (Fig. 32). The contact appears to be

located at the base of these reflectors.

Along seismic line 1, there are no wells drilled for direct correlation, but a group of

reflectors near 0.8 seconds is assumed to represent the "Miller sand" basedon stratigraphic

relationships in the Miller well to the north. The change in seismic character of the "Miller

sand" from south to north may be due to a facies change or a change in diagenetic history

of the unit.

Micropaleontology indicates that both the upper and lower mudstone units of the

Yamhill Formation were deposited in an upper to middle bathyal environment, while

siltstone and sandstone of the "Miller sand" represent a period of neritic to possibly

nonmarine deposition (McKeel, 1984, 1985). The age of these strata is interpreted to be

lower Narizian and possibly upper Ulatisian (McKee!, 1984, 1985).
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The "Lorane siltstone", mapped southwest of Eugene by Gandera (1977), may be

correlative to the Yamhil Formation. However, Baldwin (1975, 1981) considers the beds

at Lorane to be an upper member of the Flournoy Formation (Tyee Formation in this

report).

The grading of the Yamhil sedimentary rocks into the volcanic and volcaniclastic

strata to the east suggests an eastern source. This source may have been an early Western

Cascade volcanic arc as suggested by Baker (1988). If this is the case, it would indicate

initiation of Cascade volcanism as early as 45-48 Ma rather than the 42 to 43 Ma age

thathas been widely accepted based on surface geology (cf. Priest, 1982; Lux, 1982;

Verplanck and Duncan, 1987). Alternatively, these rocks may have been generated by the

same volcanic source that produced the Clarno Formation of central Oregon. The Clarno

Formation, which has been K-Ar dated at 53.7 to 33.7 Ma (Fiebelkorn et al., 1982),

consists predominantly of andesite, with lesser amounts of basalt and rhyolite, volcanic

breccia, mudflows and tuffaceous nonmarine sedimentary rock (Oles and Enlows, 1971;

Enlows and Parker, 1972). Without a detailed petrographic study of cores, it is difficult to

determine the specific composition of the volcanics penetrated in wells along the eastern

edge of the Willamette Valley, although mud logs from the Ira Baker and Esmond wells

describe abundant tuffaceous sedimentary rocks, dacite, andesite and minor basalt. These

intermediate compositions are similar to those of the Clarno Formation; however, further

research is necessary to confirm this correlation.

Spencer Formation

Following deposition of the upper Yamhill mudstone, a marine regression resulted

in an angular unconformity separating the Yamhill Formation from overlying marine strata

of the Spencer Formation. During late Eocene (upper Narizian) time the continental margin

may have extended in an arcuate manner from Coos Bay through the Eugene area

northward through southwestern Washington (Snavely and Wagner, 1963; Dott, 1966;
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Baker, 1988; Berkman, 1990). Local uplift and volcanic highlands separated this margin

into a number of depositional basins (Snavely and Wagner, 1963; Niem and Niern, 1984).

In the Wifiamette Valley and along the eastern edge of the Oregon Coast Range from the

Chehalem Mountains south to Cottage Grove, these strata are referred to the Spencer

Formation. In the Coos Bay area, the deltaic strata of the Coaledo Formation comprise the

Narizian section (Dott, 1966; Chan and Dott, 1986) and in the northern Coast Range of

Oregon, correlative rocks belong to the deltaic to neritic Cowlitz Formation (Fig. 11).

The Spencer Formation may be divided into two members (Thorns et al., 1983;

Baker, 1988). The lower member consists of micaceous, arkosic sandstone, siltstone and

minor coal deposited in a sirandline to middle shelf environment (Al-Azzaby, 1980; Thorns

et al. 1983; Baker, 1988). To the east (Gath, Barr, Hickey and Ira Baker wells), this

member becomes more tuffaceous and grades upward into, and interfingers with, volcanic

rocks of Cascade origin (Evs). These volcanics also occur as interfingering basalt,

andesite, and tuff in the Wolverton and Miller wells north of Albany. Using microfossil

data from wells, McKeel (1984, 1985) interpreted increasing depths of deposition in the

upper part of this member with inner to middle neritic deposition on the western side of the

valley, and possibly nonmarine to inner neritic deposition along the eastern edge of the

valley (Hickey well). Thickness of this member varies from 236 m in the Porter 1 well to

310 m in the Wolverton well in the center of the valley, and 230 rn in the Merrill and

Independence wells to the north.

The upper member of the Spencer Formation consists primarily of deep marine

mudstone and siltstone with minor volcaniclastic sandstone. To the east (Wolverton and

Porter wells), the Spencer becomes more tuffaceous and interfingers with volcanics of the

Western Cascades. Along the eastern edge of the valley (Gath, Hickey, Barr and Ira Baker

wells), deposits equivalent in age to the upper Spencer consist entirely of volcanic and

associated volcaniclastic rocks (Evs). These volcanics may be correlative with the

Oligocene and Eocene (Refugian) Fisher Formation (0Ev) which crops Out in the Eugene
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area; however, based on interfingering relationships within the Spencer, these volcanics

have been assigned to the Narizian stage.

The mudstone and siltstone of the upper Spencer Formation in the southern

Wifiamette Valley were deposited in upper bathyal depths deepening upsection to middle

bathyal and shallowing further upsection to upper bathyal near the top of the formation

(McKeel, 1984, 1985). The thickness of this member is relatively constant across the

valley, varying from 178 m in the Porter well to approximately 100 m in the M&P Farms

and Wolverton wells and 160 m in the Merrill and Independence wells. Due to uplift and

erosion, the upper Spencer has not been encountered in any wells west of the Miller or

Merrill wells, although recent boreholes completed by the Oregon State Highway Division

have penetrated Spencer siltstones beneath Neogene clays in the Corvallis area.

The top of the Spencer Formation and Spencer equivalent volcanics is the youngest

horizon which is recognizable on the proprietary seismic lines used in this study. To the

west, where the Spencer mudstone is overlain by sandstone and silts tone of the Eugene

Formation, there is a decrease in velocity producing a negative reflection on synthetic

seismograms and seismic lines (Fig. 19). To the east, where the Eugene Formation

overlies Spencer equivalent volcanics, there is an increase in velocity producing high

amplitude positive reflections on synthetic seismograms and seismic lines (Fig. 20).

Fisher For,nation

Nonmarine volcaniclastic strata and interfingering volcanic flows in the Eugene area

have been assigned to the Fisher Formation (Vokes et al., 1951). This unit is

approximately 1680 m thick and Consists of andesitic lapilli tuff and breccia, tuffaceous

sandstone and siltstone, and abundant pebble to boulder conglomerate (Yokes et al., 1951;

Hoover, 1963). Interfingering with these volcaniclastics, and included in the Fisher

Formation, are numerous volcanic flows consisting predominantly of andesite but also
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Figure 20. Section of electric log from Hickey 9-12 well showing contact between
volcanics within the Spencer Formation (Ev5) and overlying sandstone and
siltstone of the Eugene Formation (OEm). This contact is represented by a
strong positive reflection on the synthetic seismogram from the Hickey 9-12
well shown on the right.

39

Q I-

u
L1 - fl



40

including basalt and dacite (Hoover, 1963). These volcanic and volcaniclastic rocks extend

south of the Eugene area to the Calapooya Mountains and are believed to be equivalent to

the Calapooya Volcanics and Colestin Formation (Wells and Waters, 1934; Peck et al.,

1964).

Brown (i Hoover, 1963) inferred a late Eocene age for the lower Fisher Formation

based on fossil leaves collected south of Cottage Grove. Vokes et al. (1951) used

interfingering relationships to propose that the Fisher is, in part, the nonmarine equivalent

of the Eocene and Oligocene marine Eugene Formation. Radiometric ages from basalt and

basaltic andesite near the top of the formation range from 35 to 40 Ma (Lux, 1982). These

ages are equivalent to the absolute ages inferred for the Refugian and lowermost Zemorrian

foraminifera stage and also belong to the T5 age of Sherrod and Smith (1989).

It has been proposed that the basaltic flows (OEb) that are extensive in the hills

south of Eugene are slightly younger than, and unconformably overlie, the Fisher and

Eugene Formations (Yokes et al., 1951; Baldwin, 1981). However, Walker and Duncan

(1989) claim that these basalts are age equivalents of the Fisher although some may intrude

the Fisher volcaniclastic strata. These are the same volcanic flows that have been dated by

Lux (1982) suggesting an age nearly equivalent to that of fossil leaves near the base of the

formation (Brown iii Hoover, 1963), thus supporting the conclusions of Walker and

Duncan (1989).

The northernmost exposure of these deposits is in Cox Butte, west of Junction

City, where they overlie the Spencer Formation. In the subsurface, correlations to the

north are more difficult to discern. The Ira Baker well penetrates 143 m of volcanic and

volcaniclastic rocks overlying Narizian marine sediments. These rocks are probably

correlative to the Fisher Formation. The Cindy and Merle wells also penetrate 275 m and

360m m, respectively, of tuff and tuffaceous se-dimentary rocks which are probably

correlative to the Fisher Formation. Volcanics which may be correlative to the Fisher

Formation are also found in the Barr and Gath wells, suggesting that volcanism was not
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isolated to the Eugene area and southward in late Eocene time but may also have extended

northward to the Waldo Hills area.

Eugene Fom2ation

The feldspathic, tuffaceous sandstone and siltstone of the Eugene Formation (OEm)

of latest Eocene to early Oligocene (Refugian) age was deposited in a shallow-marine to

strandline environment (Vokes, Snavely and Myers, 1951; McKee!, 1985). Past estimates

of the thickness of these strata are 600 m (Armentrout et al., 1983) to 4570 m (Vokes,

Snavely and Myers, 1951). From the surface, the Ira Baker well penetrates 343 m of

Eugene Formation. Extrapolating to the the upper contact of the formation with basalt

flows in the nearby Coburg Hills and assuming a dip of eight degrees to the southeast

results in a total thickness of 550 m at that locality (Plate IV). Applying a similar method to

the Hickey well and the observation of Eugene strata near the top of Peterson Butte

indicates that this unit thickens to more than 800 m in the Lebanon area. To the northeast,

the Independence and Merrill wells penetrate 780 m of Eugene strata beneath the Salem

Hills Seismic data indicate a maximum thickness of 1400 m for the Eugene Fm. on the

footwall block of the Oak Creek Fault.

Although the Eugene Formation is widespread in the subsurface, its surface

distribution is limited to the Eugene area (including the Coburg Hills), Peterson Butte, and

the base of the Salem Hills. Rocks of similar lithology and age also crop out in Winkle,

Oliver and Knox Buttes along the western edge of the valley (Plates I and H; Vokes et al.,

1954; Allison, 1953), however, these rocks have not been formally assigned to the Eugene

Formation. In addition, rocks along the northwestern edge of the Waldo Hills, correlated

with the Miocene-Oligocene Butte Creek beds of Harper (1946) by Hampton (1972),

yielded probable Refugian microfossils in the Gath well (McKeel, 1984) indicating that

these deposits may also belong to the Eugene Fm.



The Eugene Formation correlates with deeper marine tuffaceous siltstone and

mudstone of the Keasey, Oswald West (Smuggler Cove of Niem and others, 1985), and

Alsea Formations, and the shallow marine to deltaic sediments of the Pittsburg Bluff

Formation, to the north and west (Fig. 11; Niem and Niem, 1984; Van Atta, 1971).

Little Butte Volcanics

The volcanic and volcaniclastic rocks of the Western Cascades which postdate the

Fisher Formation and prethte the extrusion of the Columbia River Basalt Group (CRBG)

were mapped as the Little Butte Volcanic Series by Peck and others (1964) and were

correlated in part to the Little Butte Formation of Wells (1956) in the Medford quadrangle.

These rocks were described by Peck and others (1964) as predominantly dacitic and

andesitic tuff with lesser amounts of tholeiitic basalt and basaltic andesite flows, tuff

breccia, water-laid tuff and small intrusions of dacite and rhyodacite. In this study, the

Little Butte Volcanic Series of Peck and others (1964) is divided into (1) basalt and basaltic

andesite flows of Walker and Duncan (1989)(MOb), (2) porphyritic andesite flows of

Hampton (1972)(MOa), (3) dacitic to rhyodacitic vent complexes of Walker and Duncan

(1989) and Bristow (1959)(MOd), and (4) welded ash-flow tuff in the Coburg Hills

northeast of Eugene (Walker and Duncan, 1989). Where these rocks are undivided (MOu)

they may contain any of the above units as well as tuffaceous nonmarine sedimentary

rocks.

Radiometric ages of the Little Butte Volcanics (LBV) range from near 40 Ma (Lux,

1982) to 17 Ma (Sutter, 1978) and thus comprise the T4 and T3 time units of Sherrod and

Smith (1989). It is important to note that many of the rocks that Lux (1982) refers to as

LBV in the Eugene area are older than 35 Ma and have been mapped as OEb in this study.

North of Eugene, units mapped as Miocene-Oligocene generally range in age from 35 Ma

to 17 Ma. Thus, the maximum age of these rocks is younger than that of rocks mapped as

LBV south of Eugene. Lux (1982) does report ages for the LBV of 41.5±0.9 and
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39.2±0.5 from localities east and northeast of Lebanon. If these dates are correct, these

rocks may correlate to those of the Fisher Formation near Eugene; however, Verplanck

(1985) redated a sample from the locality east of Lebanon as 3 1.7±0.4, suggesting that

these rocks are in fact younger than the Fisher Formation.

Contact relationships also provide evidence for the age of these volcanic units.

South of Eugene, the Little Butte Volcanics of Peck (1964) unconformably overlie the

volcanic and volcaniclastic rocks of the upper Eocene Colestin Formation. In the Eugene

area, the Little Butte Volcanics unconformably overlie the Oligocene and Eocene rocks of

the Fisher and Eugene Formations (W. Orr in Armentrout et al., 1983). However, Peck

and others (1964) observed tongues of the Eugene Formation interfingering with the LBV

south of Brownsville. In addition, both Anderson (1963) and Beaulieu (1974) have

proposed that the Eugene Formation interfingers with the Miocene-Oligocene volcanics of

this study.

The character of the lower contact of the Miocene-Oligocene volcanics may be

explained as follows: as the Oligocene shoreline migrated to the north and west, there was a

hiatus between Fisher and LBV volcanism during which time an unconformable surface

developed in the Eugene area and to the south. Later eruption of the LBV resulted in

interfmgering with upper Eugene marine strata which was still being deposited to the north.

Following eruption, the Miocene-Oligocene volcanics were tilted gently to the east and

eroded resulting in an angular unconformity between these units and the overlying

Pliocene-Mjocene volcanics to the south and the CRBG and Scotts Mills Formation to the

north.

Near Molalla, Miller and Orr (1988) propose that the basalt and basaltic andesite of

the LBV are Oligocene to Eocene in age; however, they provide no evidence for the Eocene

age of these rocks. This age appears to be based on an assumed correlation of these basalts

with those originally described by Wells (1956) far to the south in the Medford

quadrangle.
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The thickness of the Miocene-Oligocene volcanics and volcaniclastics is highly

variable throughout the study area. Priest (1989) suggests that 2700 m of volcaniclastics

older than 26.5 Ma were deposited in a subsiding basin to the east of the study area. These

deposits thin to the west due to tilting and erosion and are overlain unconformably by 2000

m of volcanics from the Sardine Mountain volcanic center, indicating that at least 4700 m of

Miocene-Oligocene volcanics were deposited near the axis of the Western Cascades.

However, Peck et al. (1964) interpreted these rocks to be between 1500 m and 3000 m

thick throughout most of the Western Cascades. This interpretation is supported by

Maddox (1965) who measured roughly 2000 m of Miocene-Oligocene volcanics in the

southern Marcola quadrangle.

The Miocene-Oligocene volcanics extend northward beneath the Waldo Hills and

crop out east of Marquam. In the Wicks #1 well, 10 km east of Silverton, MOb is

encountered at a depth of 243 m. This well penetrates 2130 m of volcanics, however, it is

not known if all of these rocks are Miocene-Oligocene in age. On the west side of the

Waldo Hills, the Gath #1 well penetrates 443 m of volcanics which are assigned to the

Fisher Formation based on their position near the base of the Eugene Foimation, although

it is possible that these volcanics are younger and are part of the Miocene-Oligocene

volcanics (Fig. 16).

Although the subcrop of the OEm-MOu contact, shown on Figure 21, is only

approximate due to its interfingering nature, it is important to note that the Miocene-

Oligocene volcanics do not extend any significant distance into the southern Willamette

Valley. This relationship suggests that the location of the eastern edge of the valley is

controlled by these erosionally resistant volcanics, and the valley itself is a topographic

feature generated by the erosion of the relatively soft marine strata of the Eugene

Formation.

Units correlative to the Miocene-Oligocene volcanics and volcaniclastics include the

outer neritic to upper bathyal marine siltstones of the Alsea Formation and the interfingering
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and overlying deltaic strata of the Yaquina Formation in the Newport area, and the

Smuggler Cove mudstone along the northern Oregon Coast. These units are believed to be

older than 25 Ma (Armentrout et al., 1983), and thus are equivalent to only the lower part

of the Miocene-Oligocene volcanics. This 25 Ma age also approximates the pre-26.5 Ma

unconformity postulated by Priest (1989) in the Western Cascades. Likewise, the marine

and nonmarine Scotts Mills and Molalla Formations of Miller and On (1988) are described

as late Oligocene to early Miocene in age and thus are generally younger than the pre-26.5

Ma unconformity of Priest (1989). These strata unconlormably overlie LBV in the Waldo

Hills, yet are equivalent to and probably interfmger with younger Miocene-Oligocene

volcanics erupted to the south and east.

On the central Oregon coast, the upper bathyal Nye Mudstone and the shallow

marine Astoria Formation are also correlative with these younger Miocene-Oligocene

volcanic and sedimentary rocks, indicating that a marine embayment existed in western

Oregon during early Miocene to late Oligocene time. The strandline of this embayment is

shown in Figure 22.

Scorts Mills Formation

The Miocene-Oligocene strandline strata found in the Waldo Hills were first

mapped as the "Butte Creek beds" by Harper (1946). More recently, Miller and On (1986)

proposed that the formal name Scotts Mills Formation be applied to these deposits.

Detailed research and mapping by Miller and On (1984a, 1984b, 1986, 1988) and On and

Miller (1984, 1986a, 1986b) have divided the Scotts Mills Formation into three members.

The Marquam Member is 300 to 500 m thick and is composed predominantly of bioclastic

limestone, volcanic conglomerate, sandstone, and tuffaceous siltstone of marine origin.

This member thickens to the west and onlaps MOb to the north and east. The Marquam

Member is overlain by the 300 rn-thick marine and nonmarine volcanic arkose of the
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Abiqua Member, which in turn is overlain by 200 m of nonmarine volcanic conglomerate

and mudstone belonging to the Crooked Finger Member. These members are all time-

transgressive and together form a prograding delta complex which developed to the

southwest of adjacent basaltic headlands.

The distribution of the Scotts Mills Formation at the surface is limited to the Waldo

Hills and is best exposed east of Scotts Mills and Marquam. This unit is penetrated by only

one exploratory well (Wicks) which was drilled in the Waldo Hills. The Wicks well

encounters MOs from near the surface to a depth of 243 m. The absence of correlative

deposits in wells to the west (Gath, Merrill, Independence) is probably due to eastward

tilting and erosion prior to emplacement of the overlying Columbia River Basalts.

Molalla Formation

Over 350 m of volcanic conglomerate, and water-laid nonmarine tuff with paleosols

are mapped as the Miocene-Oligocene nonmarine Molalla Formation. Numerous authors

have proposed that these strata are younger than the Columbia River Basalt (Harper, 1946;

Lowry and Baldwin, 1952; Trimble, 1957; M. Beeson and W. On j Armentrout et al.,

1983); however, Peck et al. (1964) argued that the Molalla Formation underlies the

Columbia River Basalts. Although this argument is based tenuously on the absence of

Columbia River Basalt between the Molalla Formation and underlying Miocene-Oligocene

marine sediments along the Molalla River, it is supported by the detailed work of Miller and

On (1984a, 1984b) and Orr and Miller (1986a, 1986b). Fossil leaves from the Molalla

were dated as early Miocene by J. Wolfe (in Peck et al., 1964), and Miller and On (1988)

extended the maximum age of this unit to the upper Oligocene, claiming that it is in part

correlative with the Scotts Mills Formation.

Outcrops of the Molalla Formation are limited to stream valleys in the Waldo Hills

where it is believed to be overlain unconformably by Columbia River Basalt, although this

contact has not been observed. The Molalla is not recognized in any exploratory wells.
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Columbia River Basalt Group

The Columbia River Basalt Group (CRBG) was emplaced as a series of flows

originating from vents in northeastern Oregon, southeastern Washington, and western

Idaho between 17.5 Ma and 6 Ma. Numerous flows of the CRBG traversed the Western

Cascades through a 60 km-wide lowland extending from the present Columbia River south

beneath Mount Hood (Beeson and Tolan, 1989). The formal stratigraphic nomenclature

for these flows was defined by Swanson and others (1979) and modified for the Willarnette

Valley by Beeson and others (1985)(Fig. 23).

The most extensive flow in the Wilamette Valley is the N2 Grande Ronde Basalt

(Mbcg) which covers nearly the entire northern Willamette Valley, is found throughout the

Salem Hills, and extends as far south as Franklin Butte, 3 km southeast of Scio (Anderson

et al., 1987; Beeson and Tolan, 1989). Basalts identical to the N2 Grande Ronde basalt are

found on the coast near Newport, suggesting that the Grande Ronde basalt passed through

a weakly developed ancestral Coast Range along a topographic low east of the Eola Hills

(Fig 24).

Flows of the Frenchman Springs Member of the Wanapum Basalt (Mb) also

extend southward to the Waldo Hills and southern Willamette Valley. These include: (1)

the basalt of Ginkgo, which was emplaced as intracanyon flows along the northern and

southern perimeters of the present northern Willarnette Valley and continued west to the

coast near Newport, (2) the basalt of Silver Falls, which flowed southwest along the axis

of the present Waldo Hills, and (3) the basalt of Sand Hollow, which is also found

throughout much of the Waldo Hills and south to Hungry Hill, the southernmost extent of

the CRBG in the Willamette Valley (Fig. 24) (Beeson et al., 1985; Beeson and Tolan,

1989). Minor amounts of Frenchman Springs flows are found capping the Salem-Eola

Hills; however, these are rare as compared with the amount present in the Waldo Hills.
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Figure 23. Stratigraphic nomenclature, age, and magnetic polarity for the Columbia River
Basalt Group, as revised by Swanson etal. (1979) and modified by Beeson et
al. (1985). N = normal magnetic polarity; R reversed magnetic polarity; T =
transitional magnetic polarity; and E = Excursional magnetic polarity. Dots
signify flows found in the study area.
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The maximum thickness of the CRBG as mapped in Salem Hills is roughly 180 m.

In the Waldo Hills, the thickness of the CRBG is highly variable due to its intracanyon

mode of emplacement; however, the thickness generally ranges from 50 to 150 m. The

only exploratory well in the southern Wifiamette Valley which appears to encounter the

CRBG is the Schermacher 1 well, located near the southeast edge of the Salem Hills This

well penetrates at least 152 m of basalt from the top of the well log at 33 m above sea level.

A core hole drilled by the Oregon State Highway Division one km north of Stayton also

encountered CRBG (M. Beeson, pers. comm., 1990) beneath 41 m of unconsolidated

sediments. Similar relationships are found in water wells south of the Waldo Hills. If

these basalts are CRBG, it appears that they may extend in the subsurface across the North

Santiam River basin.

Sardine Formation

Volcanics and volcaniclastics of the Western Cascades erupted and deposited after

emplacement of the CRBG have been referred to the Sardine Formation by Peck and others

(1964). These rocks are equivalent in part to the Fern Ridge Tuff and Sardine Series of

Thayer (1939) and the Rhododendron Formation and Outerson Basalt of Hammond (1979)

and Hammond and others (1980). In this study, these rocks have been subdivided into (1)

Pliocene-Miocene basalt (PMb) found at Marks Ridge northeast of Sweet Home, (2)

Miocene basaltic andesite (Ma) occurring at Washburn Butte, (3) Miocene nonmarine

tuffaceous strata (Mn) found overlying the CRBG in the Waldo Hills, and (4) undivided

Miocene volcanic and volcaniclastic rock (Mu) resting on the Miocene-Oligocene Little

Butte Volcanics along the eastern edge of the map area south of the Waldo Hills.

Volcanism during this time period was more caic-alkaiine than that prior to eruption of the

CRBG, consisting of lava flows and debris flows of intermediate composition with locally

abundant basalt and basaltic andesite (Priest and Vogt, 1983).
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The distribution of these units is very limited in the study area east of the southern

Willamette Valley. The basalt of Marks Ridge and the basaltic andesite of Washburn Butte

were dated by Verplanck (1985) as 4.5±0.28 Ma and 11.9±0.3 Ma respectively and appear

to have been emplaced as iniracanyon flows originating to the east. Isolated deposits of Mu

occur as ridge-capping flows and interbeds of volcaniclastics unconlormably overlying the

easterly dipping Miocene-Oligocene volcanics. In the Waldo Hills and the adjacent

Western Cascades, Mn also occurs along ridge tops as tuffaceous sediments which thicken

to the east.

The age of the Miocene volcanics generally ranges from 17 Ma to 7.5 Ma based on

radiometric dating reported by Sutter (1978), Hammond and others (1980) and Walker and

Duncan (1989). The lack of abundant volcanics of this age suggests that this was a period

of reduced volcanic activity in the Western Cascades (Sherrod and Smith, 1989; Taylor,

1989; Priest, 1989).

Snow Peak Volcanics

Snow Peak, located just east of the study area, represents an eruptive center

consisting of nearly 1000 m of aridesitic flows and breccia with minor basalt (Beaulieu,

1974). These rocks have been dated by Verplanck (1985) as 2.8±0.3 Ma and 3.3±0.6 Ma

in age and are equivalent in age to the Boring Lavas mapped within, and adjacent to, the

northern Wilamette Valley. The origin of these volcanics is enigmatic since they are

located far to the west of the coeval volcanic front of the Cascade Range. Taylor (1989)

proposes that this volcano may have developed as a result of magma underplating the

Cascadian crust, migrating west, and finding a path to the surface along a zone of

weakness.
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Intrusive Rocks

Intrusive bodies (Ti) are widespread in the Coast Range, occurring as both sills and

dikes in Eocene and Oligocene marine and volcanic rocks. In the vicinity of Philomath and

Corvallis, these intrusions are similar in composition to the Marys Peak sill which has been

described as predominantly granophyric gabbro and granophyric diorite (Roberts, 1953).

The Marys Peak sill has been dated at 29.7±1.2 Ma or late Oligocene (Tatsumoto and

Snavely, 1969), and Goldfinger (1990) interprets the intrusions in the Corvallis and

Phiomath area to be the same age based on similar lithology, similar intrusive relationships

and the same normal magnetic polarity. Wells et al. (1983) described the intrusive rocks in

the northern Oregon Coast Range as aphanitic to coarse-grained, aphyric to augite and

plagioclase-phyric basalts and interpreted their age to be Eocene to Miocene.

In the Willamette Valley, intrusions form erosionally resistant buttes. These basalts

are generally found in the Eugene Formation although the intrusion in Cox Butte is

surrounded by the Fisher and Spencer Formations. In Eugene, the intrusion at Skinner

Butte has been dated at 30.3±0.9 and 29.4±0.9 Ma (J.G. Smith j Walker and Duncan,

1989), and other intrusive rocks in the area are believed to be the same age based on

composition and similar intrusive relationships (Shaw, 1964; Walker and Duncan, 1989).

However, other intrusive rocks along the eastern edge of the valley are mapped as Miocene

to Oligocene in age (Walker and Duncan, 1989; Beaulieu,1974).

Intrusive rocks in the Western Cascades are predominantly basalt, basaltic andesite

and andesite with minor intrusions of dacite and rhyodacite. These intrusions are

Oligocene to Pliocene in age and probably were feeders for Western Cascade lavas and

pyroclastic rocks (Walker and Duncan, 1989).

Only one intrusive body was observed on seismic data in the southern Willamette

Valley. The intrusion is penetrated by the Porter well near the Spencer-Yamhill Formation

contact and occurs as a sill extending at least 1 km to the west before reaching the edge of

the east-west trending line shot near this well (Fig. 36). The mud log for the Porter well
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describes this unit as a coarse-grained basalt. There are other isolated reflectors on seismic

lines in the valley which may represent intrusions, but none are as strong as that recognized

in the Porter well. These features are generally found at depths corresponding to the Siletz

River Volcanics.

The presence of Oligocene and possibly Eocene intrusive rocks throughout the

central Oregon Coast Range and Willamette Valley indicates that igneous activity was

widespread in the forearc during this time. The cause of this activity is enigmatic. One

explanation may be that magma migrated up along the interface between the continental

crust and the subducting slab finding paths to the surface along zones of weakness. This

model is similar to that hypothesized by Taylor (1989) for the Quaternary to Pliocene

volcanics at Snow Peak.

UNCONSOLIDATED SEDIMENTS

Unnamed Fluvial Sediments

Following emplacement of the CRBG, erosion Cut into the Tertiary strata of the

valley, generating a topographic surface with up to 250 m of relief. This surface is shown

in Plates Vifi and IX. Water well data do not allow the detailed topographic features of this

surface to be distinguished, thus the actual erosional surface is probably more complicated

than depicted on Plates Vifi and IX. In addition, deformation has modified this erosional

surface since its initial development. These features are discussed below.

Overlying this surface throughout most of the southern Willarnette Valley are pre-

middle Pleistocene clays and gravels (PMf) which reach a maximum thickness of about 100

m near the center of the valley. The clay component of these sediments was recognized by

Wendy Niem, George Priest, and Linda Baker on the eastern and western sides of the

valley in engineering drill holes for Oregon's super collider siting proposal (CH2M Hill,

1987) and was informally named the "Calapooia clay". Because this name is used for the

Calapooya Volcanics in the southern Western Cascade Range and the Calapooyia
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geomorphic surface in the Willamette Valley, this unit is here included in the "unnamed

fluvial sediments".

In core holes drilled by the Oregon State Highway Division on the southeast edge

of Corvallis, fine-grained sediment overlies a thick multicolored paleosol developed on the

top of the Eocene Spencer Formation (Plate X). In DH13-88 the clay was found to be

greenish blue to blue grey, micaceous, and 42 m thick (Fig. 25). The clay contains minor

interlayered sands, dark brown organic clays, and numerous poorly-developed paleosols

with small rootlets in growth position, all suggesting a fluvial overbank origin (A. Niem,

pers. corn., 1988)

Similar clays are found in water wells beneath Pleistocene gravels along the eastern

and western sides of the southern Willamette Valley, and in a Highway Division drill hole

in the Mill Creek drainage between Sublimity and Stayton (DH14-90), a blue to dark gray

clay overlies basalt of the CRBG. One of these drill holes (DH14-90) was cored and

logged in a cooperative effort between faculty and students of Oregon State University and

the U.S. Geological Survey (Fig. 26). The clay in this hole was encountered just below the

surface and, like the clay at Corvallis, contains numerous carbonized rootlets in growth

position. Yet, the clay at Mill Creek contains more intercalated sand than the clay at

Corvallis, and these sands are volcaniclastic, indicating a Cascade provenance.

Toward the center of the valley, the clay interfingers with sand and gravel. The

location of this facies change is shown on Figures 27 and 28 and appears to represent the

proto-Willamette River channel at the time of overbank clay deposition. This channel

generally lies to the east of the present Willamette River and appears to have flowed

through a relatively small water gap (Mill Creek Gap) on the eastern edge of the Salem

Hills. This water gap is currently occupied by an underfit stream, suggesting that in the

past, the gap was occupied by a larger river, possibly the proto-Willamette River. The fact

that the gap is not as large as the present Wilamette River water gap may be due to the

proto-Willarnette River being more deeply entrenched in the eastern gap due to uplift along
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Graphic Log of DH13-88

Wiilamette Fm.: Brown, micaceous, clayey silt with some fine sand and
a trace of organics.

Diamond Hill Member, Linn Fm.: Grey micaceous fine grained silty sand.

Linn Gravel Member, Linn Fm.: Grey to brown sandy gravel and gravelly sand;
many clasts> 3 cm, predominantly basalt.

Unnamed fluvial sediments: Blue green to grey clay with faint laminations and
some organic material; abundant slickensided factures.

Small rootlets in growth position.

Large wood fragments (>3cm).

Small rootlets in growth position.

Interlayered dark green to grey clayey sand.

Dark brown organic clay.

Large wood fragments; some > 6 cm thick (logs or roots).

Spencer Fm.: Green grey siltstone; gradational contact w/overlying clay.

BRsltic sandy gravel.

Dark grey sandstone and siltstone.

Figure 25. Graphic log of DH13-88 drilled on the southeast side of Corvallis.
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Graphic Log DH14-90

Clayey silt - mottled red-brown and gray, minor wood fragments and decomposed pumice or
lithic sand grains.

Clayey sand red-brown, heavy minerals present.

Silty clay with some sand - blue-gray, mottled brown; sand is fine to coarse grained, decomposed to
clay; minor wood fragments.

Clay - green-gray.

Weathered ash layer? - mottled pale orange and dusky green.

Clayey silt - dark yellowish brown to olive black; some very fine sand with decomposed pumice
or lithic grains.

Silty sand - Olive black to Olive gray; basaltic; moderately decomposed; minor wood fragments.

. Silty clay - Mowed green gray to blue gmy and yellow-brown.

Clayey sand - Dark green gray, fine to coarse gi-ained, bacaltic; wood fragments.

Silty clay and clayey silt - Mottled blue gray and brown; nodule layers 1-2 cm thick.
- - Sub-vertical root traces.

Silty sand - Olive gray, fine to coarse grained.

Silty sand - as above.

Silty clay and clayey silt - Olive gray; thin layers of fine to coarse grained sand, grains are
multi-colored, volcanic and decomposed, layers are 2-8 cm thick fining upwards; abundant

small wood fragments.

Rootlets in growth position.

C,
Basalt - olive black, aphanitic, vesicular, fine to very fine phenocysts of plagioclase (2-3 u/a).

L)

T.D. 47.9 m

Figure 26. Graphic log of DH 14-90 drilled near Mill Creek on the southern edge of the
Waldo Hills.
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the Waldo Hills. If such an uplift has occurred, the upper walls of this proto-Wilamette

River water gap may have been removed by erosion, thus only the lower and more narrow

part of the gap was preserved.

An argument against the proto-Wilamette River flowing to the east of the Salem

Hills is that the bedrock surface west of these hills is cut by an erosional channel. The

proto-Willamette River may have abandoned its eastern route during deposition of the

unnamed sediments, breaching the bedrock high between the Salem Hills and the Corvallis

fault block. Due to the low quality and paucity of water well logs in this area, the gravels

representing this buried channel may have not yet been found.

It is possible to trace the gravels and sands of the channel facies to possible sources

near the present North and South Santiam Rivers at Stayton and Lebanon respectively. The

fine grained facies of the unnamed sediments interfingers with a 90 m thick section of

sands and gravels in the Eugene-Springfield area which were erroneously called the

Springfield delta by Frank (1973). These coarse-grained sediments suggest that the proto-

McKenzie River was also a major source of these unnamed sediments. A similar

relationship may be found in the vicinity of Fern Ridge Lake suggesting that Long Tom

Creek may have provided coarse-grained sediment during this time, and the abundant

presence of fine grained mica suggests that the provenance of the clay may have included

the Tyee and Spencer Formations in the Coast Range.

The age of the unnamed fluvial sediments is poorly constrained. The clay

unconlormably overlies the Spencer and Eugene Formations across much of the valley.

Correlative sediments are not found between the Eugene Formation and the CRBG in the

Salem Hills, and in the Wilamette Valley north of the Salem Hills, correlative sediments

overlie the CRBG unconformably. Thus, the sediments in the southern Willamette Valley

are assumed to be younger than the middle Miocene CRBG and older than the locally

overlying early to middle Pleistocene high terrace gravels.
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A unit similar to the clay found at Corvallis was named the the Monroe clay by

Roberts and Whiteheacl (1984) for its location in core holes northwest of Monroe. This

unit was dated as late Miocene to Pliocene based on palynology; however, the origin of the

Monroe clay was interpreted to be lacustrine based on an inferred correlation with lacustrine

beds of similar age in the Chehalis area of western Washington. However, the depositional

environment of the Monroe Clay may have been misinterpreted. Roberts and Whitehead

(1984) cite no sedimentological evidence for lacustrine deposition of these sediments, and

their interpretation appears to be somewhat speculative. If the clay at Corvallis and the

Monroe clay are equivalent, this unit would represent a single aggradational event with a

maximum thickness of approximately 130 m prior to Pleistocene degradation.

High Terrace Gravels

Following depostion of the unnamed fluvial sediments, the gravels of the high

terraces found around the edge of the valley (Plates I and II), were deposited (Fig. 29).

These gravels were referred to as the Lacomb and Leffler gravels by Allison (1953) and are

believed to be glacial outwash gravels from the Cascades on the east side of the valley,

while on the west side of the valley, they may be fluvial gravels from the unglaciated

Oregon Coast Range. These gravels probably extended across much of the Willamette

Valley before erosion left only their remnants at altitudes of 70 to 200 m above sea level

along the valley's edge (Allison, 1953; Allison and Felts, 1956).

This period of degradation also appears to be associated with development of the

Eola geomorphic surface of Baister and Parsons (1968). Because the Eola surface has

developed on the high terrace gravels northwest of Lebanon, this surface must be younger

than the gravels; and therefore, cannot be correlative with the paleosol on top of the

Spencer Formation beneath Corvallis.



Figure 29. Schematic Neogene and Quaternary stratigraphic history of the southern
Willainette Valley. Modified from Roberts (1984).
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Affison (1953) tentatively correlated the Lacomb and Leffler gravels with the pre-

Kansan and Kansan glaciations (early to middle Pleistocene) respectively; however, the

actual correlations are uncertain (McDowell, in press).

Rowland Formation

Following erosion of the high terrace gravels, the fluvial gravels and sands of the

Rowland Formation were deposited. Named by Baister and Parsons (1969), these

sediments have been subdivided into silt, sand, and gravel of the Linn Member and the

overlying sand and silt of the Diamond Hill Member. They are equivalent to the Linn

Gravels of Allison (1953) and the Linn Formation of Roberts (1984). The thickness of the

Linn Member is roughly 6 m at Corvallis and thickens to approximately 20 m along the

eastern edge of the valley. Roberts (1984) found the Linn Member to be absent northwest

of Monroe and the Diamond Hill member to be nearly 30 m thick, however the average

thickness of the Diamond Hill Member in the valley is approximately 1 m (Baister and

Parsons, 1969).

Allison (1953) proposed that the Linn gravels were glacial outwash sediments from

the Cascades. This hypothesis is supported by topography first recognized by Piper

(1942) which shows a coalescing alluvial fan morphology. River drainages which appear

to have contributed to the Linn Gravels include the South Santiarn, Willamette, McKenzie,

North Santiam, and Calapooya (Allison, 1953).

Three radiocarbon dates indicate that deposition of the Diamond Hill Member

northwest of Monroe began 36,000 B.P. and continued until after 28,500 B.P. suggesting

that the Linn Formation was deposited during Middle or Late Wisconsin glaciation

(Roberts, 1984; McDowell, in press).
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Willamette For,nation

The relatively thin layer of silt which mantles most of the valley floor was first

named the Wilamette Silt by Treasher (1942), and the type section for the Willamette Silt

was described by Allison (1953) at Irish Bend. These deposits were later named the

Wilamette Formation and broken into four members by Baister and Parsons (1969)(Fig.

30). At the base of the Wilamette Formation, the Wyatt Member consists of sands and

silts and unconformably overlies the Rowland Formation as localized shallow-channel fill

(Balster and Parsons, 1969). Glenn (1965) proposed that the overlying Irish Bend

Member resulted from multiple Glacial Lake Missoula flooding events which backed up

into theWillamette Valley depositing silts in low lying areas across much of the southern

Willamette Valley. Roberts (1984) used the name River Bend Member for the coarse

grained equivalent of these silts in the northern Willamette Valley. The maximum age of

flooding must be younger than the 28,000 B.P. date reported for the Linn Formation by

Roberts (1984), or late Pleistocene. The distribution of this member is more limited than

that of the two upper members of the Willamette Formation, and its thickness has been

found to be greater than 12 m where it occurs filling channels incised into the Linn Gravels

(Roberts, 1984).

The Irish Bend Member is separated from the overlying Malpass and Greenback

Members by a paleosol indicating that the Willamette Valley drained prior to depositon of

these two upper members (Parsons et al., 1968). The Malpass Member is an extensive, yet

discontinuous, clay unit found locally between the Irish Bend and Greenback Members

(Baister and Parsons, 1969).

The uppermost Greenback Member appears to have been deposited during one large

flooding event approximately 13,000 BP. (Mullineaux and others, 1978) which draped

silts over the landscape to an altitude of 122 m above sea level. The numerous glacial

erratics described by Allison (1935) appear to be associated with this single flooding event.



Figure 30. Comparative stratigraphic nomenclature chart for Quaternary and Neogene units
in the southern Willamette Valley.
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Following this final flooding event, the Willamette River drainage pattern

reestablished itself, creating the present morphology of the valley floor (Glenn, 1965).
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STRUCTURE

REGIONAL STRUCTURE

The Willamette Valley is located on the eastern flank of a broad north-northeast

plunging anticlinorium which forms the Oregon Coast Range (Snavely and Wagner, 1964).

Tertiary marine strata on the eastern limb of this uplift dip homodinally to the east into the

valley, although numerous smaller-scale secondary structures are superimposed on this

regional east dip. Initial development of this uplift appears to have begun prior to

emplacement of the Middle Miocene CRBG, and Snavely and Wagner (1963) have

proposed without evidence that it ceased by the end of Pliocene time. Present exposures of

Siletz River Volcanics in the Coast Range correspond to basement highs that existed prior

to development of the Coast Range uplift, including the Corvallis block and the Dallas-

Valsetz block.

In the northern Willamette Valley and the Portland basin, the CRBG has been

downwarped into broad structural depressions (Sherrod and Pickthorn, 1989; Beeson and

Tolan, 1990). These depressions are traversed by two major northwest-trending structural

features, the Portland Hills-Clackamas River structural zone and the Gales Creek-Mount

Angel structural zone (Fig. 24, Beeson et al., 1985; Beeson and Tolan, 1989), although

Werner (in prep.) has shown that the Mount Angel fault is not continuous with the Gales

Creek fault across the valley. Beeson et al.(1985) suggest that both of these structures

were active during emplacement of the CRBG, and that activity along the Portland Hills-

Clackamas River structural zone has continued since CRBG time. In addition, Werner

(1990) has recognized post-CRBG faulting along the Gales Creek-Mount Angel structural

zone based, in part, on proprietary seismic data.

The Yakima fold and thrust belt, located east of the Cascade Range in Washington,

extends southwest through the Cascade Range and is characterized by CRBG deformed

into east-northeast trending folds which die out before reaching the Portland Hills-

Clackamas River structural zone. Reidel (1984) and Reidel et al. (1984) showed that the
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Yakima fold belt was active during emplacement of the CRBG, and this activity has

continued until the present (West and Shaffer, 1989).

East of the Willamette Valley, rocks of the Western Cascade Range dip gently to the

east. These dips may be due to isostatic loading along the axis of the volcanic arc as

proposed by Priest (1989) and Sherrod and Pickthorn (1989). An arc-parallel graben

developed approximately 5.4 Ma, during early High Cascades volcanism (Taylor, 1981;

Smith et aL, 1987). Associated with the development of this graben is a rapid uplift and

westward tilting of the CRBG and volcanic rocks of the Western Cascades (Priest, 1989;

Beeson and Tolan, 1989). Priest (1989) has proposed that this westward tilting was

hinged in the Willamette Valley based on evidence of decreasing amounts of downcutting

by Pliocene streams towards the valley. This hypothesis is supported by structure contour

mapping of the base of the Rowland Formation which dips gently west along the eastern

side of the valley with the degree of dip decreasing towards the center of the valley (Fig.

27).

Priest (1989) proposed that this westward tilting ceased 3.3 Ma; however, Beeson

and Tolan (1989) recognized up to 1000 m of post 3 Ma uplift in the Columbia Trans-Arc

Lowland based on the position and attitude of the CRBG and overlying deposits. The

westward dip of the base of the Rowland Formation indicates that tilting has continued into

the Pleistocene.

SURFACE FAULTS

Faults compiled from surface mapping are shown on Figure 31. The most

prominent structural feature recognized on the surface is the Corvallis fault zone (CFZ).

Vokes et al. (1954) describe the CFZ as a series of subparallel high angle reverse faults

uplifting the Siletz River Volcanics block to the northwest; however, Lawrence et al.

(1980) proposed that the fault was an east-dipping normal fault with a possible strike-slip

component of motion. Recently, Goldfinger (1990) used gravity data and detailed surface
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mapping to show that the CFL consists of an older low-angle thrust clipping to the

northwest with up to 6.7 km of vertical displacement, cut by a high-angle down-to-the-

west oblique-slip fault (Plate V). This high-angle fault truncates the older thrust just below

the surface, creating the relatively straight surface trace of the CFZ. Multiple sets of

superimposed slickensides indicate that the UF'Z has been reactivated at least once, and its

most recent sense of motion has been predominantly strike-slip.

The lateral extent of the CFZ is poorly constrained. The northeastern extent of the

fault zone at the surface lies to the west of Logsden Ridge (6 km northeast of Corvallis) A

down-to-the-east fault mapped by Hoffman (1981) in the Salem Hills is on-trend with the

CFTL; however, proprietary seismic data crossing the projected path of the fault near the

Santiam River are inconclusive. These data show a possible reverse fault up to the east in

this area, and this fault is shown as an extension of the Turner fault on Plate I; however,

there is no evidence suggesting that the Turner fault continues any farther southwest to

connect with the CFZ. The presence of the CFZ has been well documented southwestward

to the Alsea area (Baldwin, 1955), and Walker and Duncan (1989) show the fault

extending to the coast; however, this extreme southwestern continuation of the CFZ is

based on lineations and is poorly constrained.

The CFZ appears to have been active over an extended period of time. Initial

development during early middle Eocene time is suggested by the absence of Yamhill Fm.

immediately southeast and northeast of the upthrown Corvallis fault block (Baker, 1988).

This absence may be due to uplift associated with activity along the fault during Yamhill

deposition; however, the lack of Yamhill strata in the Coast Range south of the CFZ,

coupled with the presence of thick sections of "Miller sand' in wells to the west (Porter,

M&P Farms) indicates that uplift was not limited to the Corvallis fault block and may have

extended southward along the eastern side of the present Oregon Coast Range (Fig. 18).

Alternatively, mudstone which may be correlative to the Yamhil Formation has been

recognized by Vokes et al. (1954) in the Monroe quadrangle, yet these rocks were mapped



72

as an upper member of the Tyee Formation. Strong evidence for activity along the CFZ

prior to Spencer deposition is provided by the angular unconformity between the tightly

folded Tyee Fm. and the more gently deformed Spencer Formation (Vokes et al., 1954;

Lawrence et aL, 1977).

Boulders of Siletz River Volcnics in the Spencer Formation (Goldfinger, 1990)

adjacent to the CFZ indicate that activity continued into late middle Eocene time, although

the degree of folding in the Spencer rocks appears to be less intense than that in the Tyee

Fm. The youngest definite age of displacement along the CFZ is provided by sheared

intrusions, believed to be late Oligocene in age (Goldfinger, 1990). Horizontal

slickensides in these intrusions show left-lateral strike-slip displacement. Detailed mapping

of Quatemary features by Bela (1979) and mapping of gravels in drainages crossing the

fault by Goldfmger (1990) shows no recent displacement along the CFZ. However,

Goldfinger (1990) has recognized a contact between the Willamette Formation and

underlying gravels along the CFZ near Philomath. This contact is approximately 40 m

above the Wilamette-Rowland Formation contact at southeast Corvallis, and if it is the

same contact, it may represent post-Pleistocene displacement along the CFZ.

Most cross-cutting faults that offset the CFZ show left-lateral displacement. One

exception is the large right-lateral offset south of Philomath. Magnetic measurements

indicate that these faults extend an unknown distance into the Willamette Valley, and thus

are not tear faults (Goldfmger, 1990). As mapped, these offsets must postdate northeast

translation along the CFZ, although lineations suggest that more recent displacements along

the CFZ cut across some of the northwest trending offsets (Goldfinger, 1990).

The Kings Valley fault trends north-northeast and is believed to be a steeply west-

dipping normal fault with approximately 200 m of vertical displacement (Lawrence et al.,

1980), although Bromery and Snavely (1964) estimate vertical displacement of 600 m

based on aeromagnetics. Displacement along the fault post-dates the 30 Ma Marys Peak

sill, but it is not known if the fault offsets any younger features.
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The Glenbrook fault is another north-northeast trending west-dipping normal fault

mapped southwest of Monroe (Vokes et al., 1954) Like the Kings Valley fault, the

Glenbrook fault truncates intrusions which are probably late Oligocene in age. The amount

of displacement along this fault is unknown.

Northwest of Monroe, a northeast-trending, down-to-the-northwest fault was

mapped by Vokes et al. (1954). This fault produces a strong lineation on the 7.5 minute

topographic quadrangle map, and is here named the Monroe fault. Although it does not

appear to disrupt any of the Quaternary features on the surface, a bedrock high is present in

the subsurface corresponding to the upthrown side of the Monroe fault (Plate IX). This

feature indicates that the fault may extend to the northeast beneath the valley floor and may

disrupt the bedrock surface developed after the emplacement of the mid-Miocene CRBG;

however, control on this feature is sparse.

The fault bounding the northern edge of the Siletz River Volcanics west of Dallas

was mapped by Baldwin (1964), although the age of the fault is poorly constrained with

the youngest formation cut by the fault being late Eocene Yamhill. Faults mapped in the

Salem Hills appear to have been mapped to explain the distribution of individual flows of

the Frenchman Springs Member of the CRBG using geochemistry (Hoffman, 1981), yet

alternative fault patterns might be used to explain this distribution. The northwest trending

faults in the Western Cascades along Shotgun and Drury Creeks southeast of Brownsville

were mapped by Bristow (1959) presumably based on lineations. Field checking resulted

in no positive evidence for the existence of these faults, and the lack of stratigraphic

markers along these inferred faults makes their character difficult to determine.

SUBSURFACE FAULTS

Faults mapped in the subsurface are also shown on Figure 31. The evidence for

most of these faults is based on seismic and exploratory well data, as is the orientation of

the faults where they can be recognized on more than one seismic line. Where faults cannot
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be oriented using seismic data, proprietary gravity data were used. As mentioned above

(Methods section) the quality of the seismic data is generally poor, making the analysis of

these structures somewhat subjective.

Owl Creek Fault

One of the most prominent features recognized in the subsurface is the Owl Creek

fault (Fig. 32). The dip of this fault is difficult to determine from seismic data, and the

fault is interpreted to have reverse separation based on the presence of folding associated

with the structure and the character of truncated faint reflectors. The presence of offset

reflectors on seismic line 4, to the south of line 3, suggests that the orientation of the Owl

Creek fault is approximately N10°E. The dip of the fault as shown on Fig. 32 is

approximately 600 east; however, this dip is poorly constrained.

The absence of upper Yamhill Formation in the M&P Farms well indicates that the

Owl Creek fault may have been active between Yamhill and Lower Spencer deposition.

However, this absence of upper Yamhill Formation is more likely a regional effect related

to the absence of Yamhill strata near the Corvallis fault. Thinning of the Spencer

Formation from 550 m east of the structure to 220 m over the structure indicates initial

development of the structure prior to late Eocene to early Oligocene deposition of the

Eugene Formation (Fig. 32). Likewise, thinning of the Eugene Formation from

approximately 300 m just east of the structure to less than 20 m indicates development

continued during or after Eugene deposition. Cross section H-if shows the water well

constraint which suggests offset of the bedrock surface along the fault. The amount of

vertical displacement on the bedrock surface is 115 m. Total vertical displacement across

the fault, based on thinning of the Tertiary strata and the displacement of the bedrock

surface, equals approximately 725 m. Because the age of neither the bedrock surface nor

the overlying Corvallis clay is known, the age of the bedrock displacement is poorly

constrained. The absence of Rowland Formation gravels over the structure indicates
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Pleistocene uplift and erosion along the Owl Creek fault. Evidence for displacent of the late

Pleistocene Wilamette Formation over the fault is inconclusive due to the poor quality of

the water well logs.

Oak Creek Fault

Seismic line 7 documents an up-to-the-east reverse component of displacement of

reflectors (Fig. 33). Using the synthetic seismogram from the Hickey well, these reflectors

have been correlated to interfmgering volcanics near the top of the Spencer Formation.

This offset is also suggested by proprietary seismic data that show strata dipping

consistently eastward from the M&P Farms well to its displacement at the Oak Creek Fault.

The amount of vertical displacement along seismic line 7 is 650 m.

The trend of the Oak Creek fault is difficult to ascertain because it is not recognized

crossing any other seismic lines. The Nl0°E trend shown on Fig. 31 and Plate I is based

primarily on disruptions on seismic line 6 which may be due to sideswipe generated by the

parallel trending structure. The fault may trend closer to a N3OE orientation as indicated by

a very faint lineation on proprietary gravity data; however, this orientation would make it

more difficult to explain the effects observed on seismic line 6. Assuming a trend of

N1OE, the true dip of the fault is 610.

The minimum age of the Oak Creek fault is unknown. There is no evidence of

displacement of the bedrock surface, yet there are very little data to constrain this surface in

the vicinity of the fault. There may be displacement of the bedrock surface without it being

recognized using the available data. Similar inconclusive results apply to the base of the

Pleistocene Rowland Fm.

Pierce Creek Fault

A poorly defined disruption of reflectors on seismic line 12 suggests the presence

of a west-dipping reverse fault, here named the Pierce Creek fault. The total vertical
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displacement of shallow reflectors is approximately 175 rn. These reflectors probably

correlate with volcanic or volcaniclastic rocks at the top of the Spencer Fm.

The trend of the Pierce Creek fault is very poorly constrained. The N21°E

orientation, shown on Figure 31 and Plate II, is based on a weak disruption on line 13,

although the quality of this seismic line is very poor. Assuming the orientation is N21°E,

the true dip of the fault is approximately 700 to the west. The age of the Pierce Creek fault

as shown on cross section A-As (Plate IV) is entirely post-Eugene, although there is no

evidence indicating that earlier displacement did not take place prior to Eugene deposition.

In fact, displacement along this fault during deposition of the Yamhill Formation might

explain the increased thickness of deposits of Narizian age on the down-thrown side of the

fault, as observed in the Ira Baker well (Plate IV, Fig. 14).

Ridgeway Butte Fault

The presence of the Ridgeway Butte fault is suggested by the relationships between

volcanic rocks of probable Spencer age in the Barr, Esmond, and Hickey wells and

reflectors on seismic line 2 that are assumed to be correlative with these rocks. This

volcanic unit is easily correlated between the Barr, Esmond, and Hickey wells. Because

this unit appears to be fairly widespread and generates a strong set of reflectors on seismic

line 7, similar reflectors recognized on seismic lines 1 and 2 in the same stratigraphic

position are also assumed to be generated by this unit. These reflectors indicate that the

volcanics dip gently to the northeast at depths between 300 and 600 m along line 2 and

between 450 and 650 m along line 7 (Plate I). However, in the Barr and Esmond wells,

these volcanic rocks are found at 170 m and 250 m respectively; structurally much higher

than in the Hickey well or on the seismic data. Different velocities were also applied to the

seismic data to see if these reflections could actually lie at elevations in accord with those

observed in the wells; however, the velocities required to do this were unrealistically low

(1000 to 1200 m/s).
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The amount of displacement along the Ridgeway Butte fault varies from

approximately 150 m at its southwestern edge to nearly 400 m to the northeast. An abrupt

loss of strong reflectors to the south on seismic line 2may be caused by the Ridgeway

Butte fault or an increase in volcanic rocks attenuating seismic energy higher in the section.

The location of the Ridgeway Butte fault is based on the assumption that the termination of

reflectors is caused by the fault, and the orientation of the fault is based on proprietary

gravity data which show a moderately strong lineation trending northeast at this location.

Because the fault is so poorly imaged on seismic data and is not recognized at the surface,

the dip of the fault is unknown.

The age of the Ridgeway Butte fault appears to be entirely post-Spencer and

probably entirely post-Eugene based on the thinning of OEm and OEn sediments from 400

m to 134 m across the fault (Cross Section A-A'). There is no direct evidence of activity on

the fault during or after Miocene-Oligocene deposition, although the coincidence of the fault

with the edge of these volcanics suggests that some post-Miocene-Oligocene displacement

may have occurred. The coincidence of the fault with the range front of the Western

Cascades (Plate 1) also suggests that the fault has topographic expression. In addition, a

large amount of relief on the bedrock surface across the fault is suggested by water well

data; however, recent activity along the fault cannot be documented due to the poor quality

of the data. Although many wells penetrated thick sections of unconsolidated sediments on

the down-thrown side of the fault, none reached bedrock.

Calapooia River Fault

The Calapooia River fault appears on seismic line 5 as a high-angle north-dipping

reverse fault. Reflectors indicate a displacement of approximately 270 m along line 5. The

trend of the Calapooia River fault is based on a slight disruption on an east-west trending

proprietary line between seismic lines 3 and 7. The lateral extent of this fault is poorly

constrained beyond these two lines. To the southeast, structure contouring of the top of the
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Spencer Fm. suggests that the fault extends at least as far as an intersection with the Oak

Creek fault, although the fault has not been recognized cutting the Eugene Formation at

Peterson Butte. To the northwest, the fault may continue through the gap between the two

hills underlain by Spencer and Tyee strata east of the Corvallis fault (Plate I).

The character of displacement across the Calapooia River fault is variable along its

strike. On seismic line 5, the fault appears to be high angle and up-to-the-north; however,

to the southeast, structure contouring indicates that the fault becomes up-to-the-south. The

high angle and the change in sense of throw along the fault suggests that it has strike-slip

displacement.

The Calapooia River fault has not been recognized offsetting the top of the bedrock

surface in water wells, therefore the minimum age of the fault is believed to be between late
YL

Oligocene and late Miocene; however, the poor quality of the water well logs does allow

younger displacement along the fault to be ruled out.

Lebanon Fault

The Lebanon fault appears on seismic line 6 as an apparent up-to-the-north

disruption of reflectors. The fault appears to be high angle, but the character and even the

specific location of the fault are difficult to determine due to numerous discontinuous

reflectors in this area. The quality of the data is probably affected by sideswipe from the

Oak Creek fault which trends parallel to the seismic line at this location. The trend of the

Lebanon fault is based on the eastward loss of reflectors along line 7 (Fig. 33).

Alternatively, this termination may be caused by a facies change to volcanics higher in the

section, thus attenuating the seismic energy at depth. The trend of the fault is also

constrained by contour mapping of the base of the Eugene Fm. This horizon consistently

lies at a higher elevation along lines 1 and 2 than it does on lines 3, 5, and 7, suggesting the

fault is located between these two sets of lines.
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It is interesting to note that the northwestern trend of the Lebanon fault is coincident

with the northeastern termination of the Corvallis fault block. The Lebanon fault may

extend to the northwest through Bowers Slough and act as a left-lateral tear taking up

displacement along the Corvallis fault. However, if such a fault were to take up the large

amount of lateral displacement on the Corvallis fault (13-15 km. Goldfinger, 1990), then a

fairly large shear zone would be expected. No shear zone of this magnitude has been

recognized in surface mapping in this vicinity.

Southeast of Lebanon, the Lebanon fault parallels the South Santiam River although

its extent is unknown. Activity on the fault during Miocene to Pliocene time may have

resulted in increased erosion beneath the present location of Marks Ridge resulting in the

topographic depression into which the basalt of Marks Ridge flowed. There is no direct

evidence for this relationship so the fault is not shown extending, that far southeast on Plate

II.

The amount of displacement on the Lebanon Fault is variable along its strike. Along

the footwall of the Oak Creek fault there is greater than 1300 m of vertical displacement.

This amount decreases to approximately 400 m near Albany and 50 m in the South Sanriam

River drainage.

Like the Calapooia River fault, the age of the Lebanon fault is poorly constrained.

It does not appear to cut the bedrock surface, and thus its minimum age is probably

between early Oligocene and middle Miocene.

Beaver Creek Fault

The Beaver Creek fault is constrained primarily by structure contours at the top of

the Spencer Fm. The top of the southeast-dipping Spencer age volcanic rocks in the Barr

and Esmond wells is up to 500 m higher than it appears on the eastern side of seismic line 1

requiring a fault between these two data sets. A slight disruption of the reflectors on

seismic line 1 suggests the presence of a fault, although the amount of displacement across
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this disruption, as well as the character of the disruption, is difficult to determine due to the

discontinuous nature of reflectors immediately east of the fault. The orientation of the fault

is based on proprietary gravity data that show a prominent northwest lineation at this

location. Although the lateral extent of the Beaver Creek fault may be greater than that

shown on Plate 1, the fault is inferred to be present only where required by structure

contouring and seismic line 1.

The age of the Beaver Creek fault is constrained by its displacement of the base of

the Eocene-Oligocene Eugene Formation, and its apparent lack of displacement of

overlying Miocene-Oligocene Little Butte Volcanics. If the fault has a more northerly

orientation through the Beaver Creek drainage it may be younger; however, such an

orientation is not supported by gravity data.

East Albany Fault

The East Albany fault is the only fault in the southern Willamette Valley that shows

normal displacement on seismic data (Fig. 34). Vertical displacement is approximately 150

m down-to-the-east. The orientation of the fault is based on residual gravity data which

show a strong northeastern trend in this vicinity (Fig. 35). Assuming an orientation of

N49°E, the true dip of the fault is 57°. The fault appears to be somewhat listric on seismic

data with some indication of rollover in the hanging wall (Fig 34).

The age of the East Albany fault appears to be entirely post-Narizian (Spencer

Formation) and possibly post-Refugian (Eugene Formation), although the fault does not

appear to displace the bedrock surface as defined by water wells (Plate VIII).

Mill Creek Fault

Structure contours on the top of the CRBG indicate the presence of the Mill Creek

fault along the southern edge of the Waldo Hills. The presence of the basal contact of the

CRBG at the surface northeast of Turner, combined with greater than 60 m of CRBG
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beneath unconsolidated sediments in water wells to the south, suggests that approximately

100 m of down-to-the-south displacement has occurred along this fault and the splay which

runs between it and the Turner fault to the northwest. Due to a lack of constraint, it is

difficult to determine the dip and specific orientation of the fault, but if it is assumed that the

fault controls the local boundiry of the North Santiam River basin, the fault trends

northeast.

The minimum age of this structure is younger than the CRBG. Uplift along these

faults may also be responsible for the abandonment of the Mill Creek Gap by the proto-

Willamette River suggesting that displacement was contemporaneous with deposition of the

unnamed fluvial sediments; however, it is unknown if the fault displaces Pleistocene

sediments. More detailed study and location of water wells in this area should help

constrain the age of this deformation.

SURFACE FOLDS

Although strata in the eastern Coast Range dip to the east on a regional scale,

locally, dips are highly variable making it difficult to determine the trend of second order

folding. The irregular nature of bedding orientations is probably due to multiple periods of

deformation, as well as possible faulting activity that has not been recognized by field

mapping in the densely vegetated Coast Range.

One set of folds which is easy to recognize trends parallel to the Corvallis fault.

The folds are very tight and locally overturned adjacent to the fault. Folding becomes less

intense away from the fault. The angular unconformity between the middle Eocene Tyee

Formation and the Spencer Formation indicates that folding began prior to deposition of the

late Eocene Spencer strata; however, the lack of younger Tertiary strata near the fault makes

identification of the minimum age of folding difficult.

Fold trends in the Coast Range in the southern part of the study area vary in

orientation from northwest-southeast to east-west to northeast-southwest. One of these
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folds, which is nearly orthogonal to the Glenbrook fault, affects Spencer strata. In

addition, the degree of dip in both the Tyee and the Spencer Formations is similar (5°-20°)

suggesting that much of the broad folding in the Coast Range developed following

deposition of the Spencer Formation.

Broad folds have also been recognized in the Western Cascades. The Scotts Mills

anticline in the eastern Waldo Hills is a north-northeast trending antidine with limbs

dipping less than 50 (Miller and Orr, 1984a, 1984b, 1986a). These dips have been reported

in the Scotts Mills and Molalla Formations, indicating a post-early Miocene development of

the anticline. Structure contour mapping of the top of the CRBG indicates that deformation

in this area continued until at least the middle Miocene.

Dips in the Miocene-Oligocene volcanics, although locally variable, are generally to

the east and are generally less than 10°. In the Coburg Hills, northwest of Eugene, dips in

the Eugene Formation are 5 to 100 to the east-southeast, while those in the overlying

Miocene-Oligocene basalts are horizontal. These relationships indicate that folding and/or

eastward tilting of the Western Cascades began prior to emplacement of the Miocene-

Oligocene volcanic rocks and continued until at least the middle Miocene. This conclusion

supports inferences by Priest (1989) that the regional eastward tilt of early Western

Cascade rocks is due to subsidence along the Western Cascade arc and this subsidence

continued until development of the High Cascades graben at 5.4 Ma.

SUBSURFACE FOLDS

Folds recognized in the subsurface are shown on Figure 31. The character of the

set of north-northeast-plunging folds near the center of the valley is best represented by the

broad fold on Figure 36. Thinning of the Yamhill and Spencer Formations over this fold

indicates that deformation occurred throughout the middle and late Eocene and into the early

Oligocene. The anticline located east of the Pierce Creek fault is constrained by seismic

data and surface dips. The extent of this fold northward to its truncation by the Lebanon
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fault is poorly constrained by seismic data due to the poor quality of the data beneath the

volcanics of the Western Cascades; however, Beaulieu (1974),using outcrop patterns,

inferred a similar anticline extending from the Esmond well south through Brownsville and

Indian Head. Because of the poor quality of seismic data, it is difficult to determine the

maximum age of this structure, although it is assumed to have developed at the same time

as the broad folds in the center of the valley.

The presence of the large basin northwest of Eugene (Plate II) is dictated by picks

made on the top of the Spencer Formation in the Cindy and Merle wells and the correlation

of these picks with data from seismic lines 5, 12, and 13. The picks made in the two wells

were based on mud logs in the absence of electric logs, and thus are questionable (Fig. 37).

The presence of such a basin is not indicated by sparse gravity data in this area. The

maximum age of this structure is unconstrained, but the basin certainly developed

following deposition of the Spencer Formation, and it does not appear to deform the post-

middle Miocene bedrock surface (Plate IX).

A broad anticline north of Albany creates the concave-to--the-west subcrop pattern

of the Eugene Formation (Plate II). Because there are no seismic lines traversing this

structure, its character is difficult to discern. Dipmeter logs in the Miller and Wolverton

wells indicate the Spencer and Yamhiil Formations dip 0-15° and strike approximately

N30°W. Based on these dips and surface data, it is believed that the structure plunges to

the northeast, and its axis roughly coincides with the locations of the Henschell and Miller

wells. Dips appear to become steeper to the west and northwest (Fig. 38). Based on the

similarity of dips in the Spencer and Yamhill Formations in the Wolverton well and the lack

of significant thinning of the "Miller sand" or the upper Yamhill Formation over the fold, it

is concluded that this structure did not begin to develop prior to the Oligocene. In addition,

a dip of 90 in OEm at Hale Butte (5 km northeast of Albany) suggests that the structure

developed largely after the early Oligocene. If this structure continued to develop during
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the Miocene, it may have been important in controlling the distribution of the CRBG. The

outcrop pattern of the CRBG around the structure supports this inference.

The broad east-northeast trending anticine between Corvallis and Eugene is here

named the Harrisburg anticline. The presence of this structure is indicated by seismic lines

11 and 12 and water well logs. Total relief across the structure is approximately 100 m,

and deformation of the bedrock surface, as shown on Plate IX and Figure 39, indicates that

most of this relief developed after deposition of the unnamed fluvial sediments. Due to lack

of data, it is unclear if this structure affects the base of the Rowland Formation. More

detailed work with water well logs, including field location, should resolve this question.

The presence of over 150 m of probable CRB in the Schermacher well (M. Beeson,

personal comm.) and the identification of basalt in numerous water wells in this area

suggest that the North Santiam River basin is a structural depression floored by the CRBG.

The minimum amount of structural relief of this basin, based on the maximum depth to

basalt in water wells and the top of the CRBG in the adjacent Waldo Hills, is 260 m (Plate

I). The character of this depression is difficult to determine. The longitudinal profile of the

proto-Willamette River through this area shows two structural highs on the bedrock

surface, one trending east-southeast from the southern end of the Salem Hills, here named

the Shelburn uplift, and a second in the Mill Creek water gap, here named the Waldo Hills

uplift. The Waldo Hills uplift is bound on the south by the Turner and Mill Creek faults

and on the north by the Waldo Hills Range Front fault. Due to the paucity of data, it is

unknown if the Shelburn uplift is faulted.

The course of the proto-Willarnette River through the North Santiam River Basin

suggests that the basin was developing shortly after emplacement of the CRBG. If this

were not the case, the proto-Willamette River would have flowed along the more easily

erodable Eugene Formation to the east of the CRBG. The minimum age of deformation in

the basin is unknown. Deformation of the bedrock surface indicates that it is younger than
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middle Miocene; however, the thick section of gravels in this basin makes the recognition

of younger horizons, and thus younger deformation, difficult to recognize.
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DISCUSSION

Aeromagnetic data suggest that the Siletz River Volcanics basement extends beneath

the entire southern Willamette Valley and may have been sutured to the continental margin

beneath the present Western Cascades (Johnson et al., 1990). Following emplacement of

the Siletz River Volcanics, either by accretion or eruption during rifting along the

continental margin, a forearc basin developed with its axis located near the present axis of

the Oregon Coast Range. The rhythmically bedded turbidites of the middle Eocene Tyee

Formation flowed northwestward from their probable southern deltaic source into the

forearc basin, onlapping basement highs including those in the Valsetz area west of Dallas.

Following deposition of the Tyee Formation, the strata of the middle to late Eocene

Yamhill Formation and late Eocene Spencer Formation were deposited. Numerous tectonic

events occurred during this period. Interfingering of volcanic and volcaniclastic rocks with

the Yamhill Formation and Spencer Formation indicates a volcanic source to the east and

southeast. This source may represent the initiation of early Western Cascade volcanism, or

a western extension of Clarno volcanism. Also during this time, the broad north-northeast

trending folds were formed beneath the Willamette Valley. The orientation of these folds is

consistent with the orientation of Si as indicated by dike swarms of this age in the Coast

Range (Wells et al. 1984) and is coincident with the east-northeast direction of convergence

between the Farallon and North American plates after correction for 60° of clockwise

rotation (Fig. 40).

The cross-cutting pattern of northeast, north-northeast, and northwest trending

faults in the southern Willarnette Valley suggests that they developed in a wrench tectonic

setting. Wells and HelIer (1988) have proposed that shear rotations began in the Coast

Range during the middle Eocene implying that a wrench tectonic system had developed at

that time. If this is true, it is likely that many faults mapped in the subsurface of the

southern Willameue Valley may also have developed during the middle Eocene. However,

Verplanck and Duncan (1987) propose that between 35 and 40 Ma, the convergence vector
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Figure 40. The orientation of stress as indicated by folds in the southern Willamette Valley.
"Corrected for rotation" assumes 14-15° clockwise rotation per 10 m.y. as
proposed by Sherrod and Pickthorn (1989) for dikes in the Western Cascade
Range. This rotation is consistent with paleomagnetic data summarized by
Wells and Heller (1988).
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between the continental margin and the Farallon plate was nearly orthogonal. Such a

relationship would eliminate the driving force for Eocene shear rotations in the Coast Range

and Willamette Valley. The only fault which shows strong evidence of activity during the

middle Eocene is the Corvallis fault; however, because of the poor quality of the seismic

data used in this study, the timing of initial development of most of the subsurface faults is

unknown.

Although the orientation of Si during the middle Eocene was approximately east-

northeast, the pattern of faulting recognized in the southern Willamette Valley does not fit

into the theoretical pattern which could develop within a wrench tectonic setting under

simple east-northeast compression (Fig. 41). However, if small block rotations, similar to

those proposed by Wells (1983) for southwestern Washington, have been occurring in the

Wilamette Valley since the middle Eocene, they would complicate this pattern significantly.

The Lebanon fault and Calapooia River fault may be R' shears accommodating small block

rotations in the southern Wilamette Valley, but it is difficult to determine the degree, if any,

to which small block rotations have affected the valley.

In addition, multiple Sets of superimposed slickensides on the Corvallis fault

(Goldfinger, 1990) indicate that multiple periods of deformation and reactivation further

complicated the structural pattern of faulting in the southern Willamette Valley. Obviously,

it is not possible to fit the entire fault pattern of the southern Willamette Valley into a single

tectonic model; the rotation of Si from east-northeast to north-south since the middle

Eocene and the reactivation of faults under this changing stress regime, combined with the

possibility of small block rotations within the system, makes any attempt to do so, based

on the present knowledge of faulting in the valley, inappropriate.

During deposition of the late Eocene to early Oligocene Eugene Formation, the

orientation of S3 remained north-northwest; however, the component of rotation caused by

shearing increased due to an increase in the obliquity of convergence between the Farallon

and Juan de Fuca plates (Wells et al., 1984; Wells and Heller, 1988). Volcanism continued
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Figure 41. Theoretical model of structures which could develop within a wrench setting
under east-northeast compression, combined schematically with strain ellipse.
Modified from Harding (1974).
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in the Western Cascades as the marine strandline prograded to the northwest. During the

latest Oligocene to early Miocene, marine deposition was occurring in an embayment

extending from the southern Washington Coast Range to the Molalla area with the southern

boundary of the embayment controlled by early development of the Coast Range uplift

(Fig. 22).

Development of the Coast Range uplift was also responsible for the regional

eastward dip of Eocene and Oligocene rocks beneath the southern Wilamette Valley and

beneath the CRBG in the Salem and Waldo Hills. By the time the CRBG was extruded in

the middle Miocene, the Oregon Coast Range had developed a degree of subaerial exposure

such that the CRBG reached the coast near Newport as intracanyon flows. In addition, the

observation of intracanyon Frenchman Springs flows in the Waldo Hills (Beeson et al.,

1985) suggests that there was subaerial exposure and degradation within the Willamette

Valley during the middle Miocene.

The orientation of maximum horizontal compressive stress, as indicated by middle

Miocene dikes in the Western Cascades, was east-southeast after correction for 17-18° of

clockwise rotation (Fig. 10; Sherrod and Pickthorn, 1989). The northeast trend of the

Jefferson anticline, and its inferred age of development during the Miocene suggest that the

same orientation of s extended into the southern Willamette Valley (Fig. 40).

Following emplacement of the CRBG, differential erosion of the relatively soft

strata of the Eugene Formation resulted in the general bedrock morphology shown on

Plates Vifi and IX with the exception of more recent structural deformation. This erosional

event was very extensive, cutting over 350 m into the Eugene Formation based on the

altitude of Eugene strata at 300 m on Peterson Butte. This period of degradation was

followed by a period of aggradation during which the unnamed proto-Willamette River

sediments and the high terrace gravels were deposited (Roberts, 1984). Because the age of

these sediments is unknown, the age of the degradational-aggradational cycle is poorly

constrained. If the proto-Willamette River sediments are correlative to the Monroe Clay of
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Roberts and Whitehead (1984), and thus are late Miocene in age, degradation must have

occurred sometime between eruption of the Frenchman Springs Member of the CRBG,

approximately 14 Ma, and the latest Miocene, approximately 5 to 6 Ma. Two factors may

be responsible for this degradation: continuing tectonic uplift of the entire forearc region

and/or the major drop in the eustatic sea level at the end of the middle Miocene (Fig. 42;

Haq et al., 1988).

The cause of the aggradation which deposited the unnamed fluvial sediments and

high terrace gravels in the valley is difficult to determine due to the poor constraint on the

age of these sediments. A slight increase in the Juan de Fuca convergence rate orthogonal

to the Oregon continental margin approximately 10 Ma (Engebretson, 1982) and/or 5 Ma

(Riddihough, 1984) may have resulted in increased uplift rates of the Coast Range,

effectively increasing the base level of the proto-Willamette River such that the river system

aggraded.

Alternatively, aggredation may have been caused by subsidence of the Wilamette

Valley itself independent of, or in combination with, the Coast Range uplift. The

mechanism for this subsidence is discussed below. However, if this were the cause of

aggradation into the middle Pleistocene then there must have been a large degree of post-

middle Pleistocene uplift in the valley to raise the gravels of the high terraces 100 m above

the present valley floor.

Although there was a eustatic sea level rise during the late Miocene (Fig. 42), it

seems unlikely that it alone caused the observed aggradation, because sea levels returned to

low levels in the early Pleistocene while aggradation of the high terrace gravels continued

throughout the early to middle Pleistocene.

Degradation during the middle Pleistocene cut through the early Pleistocene gravels

and into the proto-Wilamette River deposits producing the high terraces recognized around

the valley's edge. The cause of this degradation is unknown but may be related to a



Figure 42. Inferred eustatic sea-level curve of Haq et al. (1988).
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slowing in uplift of the Coast Range and downcutting of the Columbia River lowering the

effective base level of the Willamette system.

Another period of aggradation during the late Pleistocene deposited the glacial

outwash gravels of the Rowland Formation. The alluvial-fan morphology of the top of the

Rowland Formation suggests that this period of aggradation was caused by an increase in

sediment supply during deglaciation of the Cascade Range.

During deposition of these post-CRBG sediments, maximum horizontal

compression continued to rotate clockwise to its present north-south orientation while the

obliquity of Juan de Fuca plate convergence continued to increase to its present angle of

23°. Structures which have been active during this time include the northeast- and

northwest-trending faults in the Salem Hills, the north-northeast trending Owl Creek fault,

the Harrisburg Anticline, and deformation within the North Santiam River basin including

the Shelburn and Waldo Hills uplifts and the Mill Creek fault (Fig. 43). In addition, the

Corvallis fault may have been active, but evidence of such activity is inconclusive.

The orientation of the northwest-trending faults mapped in the Salem Hills is

consistent with development of right-lateral faults in a wrench system under north-

northwest compressive stress. Although the orientation of the Turner fault does not fit into

this model, this fault may have inherited its orientation from an older structure possibly

related to the Corvallis fault.

Similar reasoning may be used to explain the orientation of the Owl Creek fault.

The fault appears to have initially developed under east-northeast compression during the

middle Eocene. Under north-south compression during the Pleistocene, the Owl Creek

fault may be acting as a left-lateral transpressive fault. In this situation, the Bald Hill fault

would extend southeast into the valley and would be reactivated in a right-lateral sense as

would be the Calapooia River fault (Fig. 44). This scenario is very speculative since no

evidence has been found in water-well logs for Pleistocene displacement along either the
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Figure 44. Hypothetical model showing Owl Creek fault (OCF) as a transpressive fault,
taking up displacement between the right-lateral Calapooia River (CRF) and
Bald Hill (BHF) faults.
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Bald Hill or Calapooia River faults. On the other hand, the water data are too poor to allow

such activity to be ruled out.

The easterly orientation of the Harrisburg antidine is consistent with recent north-

northwest compression and evidence from water wells indicating development of the

antidine after erosion of the bedrock surface; however, the age of most recent activity along

this structure is unknown, and may extend into the late Pleistocene.

Because of poor constraint on the structural development of the North Santiam

River basin, it is difficult to determine the age and cause of deformation in this area. The

North Santiam River basin may represent a southeastern continuation of the broad basin in

the northern Willamette Valley which has been interrupted by more recent development of

the Waldo Hills uplift. However, the minimum age of downwarping within the northern

Wilamette Valley is at least Pliocene and possibly younger (Werner, 1990) and

longitudinal profiles of the proto-Willamette River indicate that the Waldo Hills uplift was

active during deposition of the proto-Willamette River sediments. Thus, the Waldo Hills

uplift could not be much younger than downwarping in the northern Willamette and North

Santiam River basins.

Alternatively, the North Santiam River basin may be a pull-apart basin, independent

of the northern Wilamette Valley, as has been proposed for the Portland basin (Beeson et

al., 1985; Yelin and Patton, in press). However, it is difficult to propose a reasonable pull-

apart model under north-south compression which obeys the constraints provided by

surface and water-well data.

The orientation of the Shelburn uplift is very poorly constrained but appears to

approach east-southeast. This orientation combined with the post-CRBG age of the

structure indicates that it may simply be a fold generated under the north-south orientation

of maximum horizontal compressive stress. Alternatively, if the North Santiam River basin

is a pull-apart basin, then the Shelburn uplift may be related to a transpressional right-lateral

fault along the southwestern edge of the basin.
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Another problem which may be related to the development of the northern

Willamette basin and the North Santiam River basin is the timing and cause of development

of the structural terrace observed beneath the southern Willamette Valley. Outcrop patterns

indicate that Tertiary strata dip east beneath the western side of the valley. Likewise,

surface dips and residual gravity data suggest east-dipping strata beneath the Western

Cascades. However, seismic data, as presented on Plates I and II, as well as residual

gravity data (Fig. 35), indicate that the dip of strata beneath the center of the valley flattens

and, on the limbs of broad folds, locally dips west. As discussed above, it appears that the

broad north-northeast-trending folds beneath the valley developed during the middle

Eocene, and development of the Coast Range uplift during the Oligocene and Miocene

produced an east-dipping homocline upon which these folds have become superimposed.

This leaves the question of when and how the structural terrace itself developed.

The terrace may have developed in response to the same forces that produced the

broad structural basin in the northern Willamette Valley. Spence (1987, 1989) following

hypotheses first proposed by Kato (1979), noted that the slab bend in subducting oceanic

crust creates a downclip mass transfer. This mass transfer should, in turn, generate surface

depressions directly overlying the slab bend. This hypothesis is supported by the location

of forearc basins directly over slab bends in numerous subduction zones including the

presence of the Puget lowland directly over the slab bend in the subducting Juan de Fuca

plate (Fig. 45). Thus, the structural basin recognized on top of the CRBG in the northern

Willamette Valley may also have developed as a result of subsidence over the slab bend in

the Juan de Fuca plate. Similar subsidence, although to a lesser degree than in the north,

may have affected the southern Willamette Valley, creating the structural terrace (Fig. 46).



Figure 45. Cross section showing seismicity beneath the Olympic Penninsula and the
adjacent Puget Sound. Inferred top of the Juan de Fuca plate is hachured. Note
bend in Juan de Fuca plate beneath Puget Sound (From Tabor and Smith,
1985).
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CONCLUSIONS

The main conclusions of this research are as follows:

Volcanism appears to have been active to the east and southeast of the southern

Willamette Valley during deposition of the middle to late Eocene Yamhill Fonnation,

45-48 Ma. This may represent early Western Cascade volcanism or it may represent

the western edge of Clarno volcanism.

Many faults on the surface and in the subsurface of the valley may have developed

under a wrench tectonic setting during the middle Eocene. These faults appear to

have been reactivated under a changing stress field creating a complicated pattern of

cross-cutting northeast- and northwest-trending faults.

Broad folding recognized in the subsurface of the valley initially developed during

the middle Eocene and is consistent with an east-northeast orientation of S prior to

600 of clockwise rotation. Clockwise rotation of S since the early Miocene has

generated younger folds oriented northeast to east-northeast.

Facies patterns in unnamed fluvial sediments suggest that the proto-Willamette River

flowed east of the Salem Hills prior to development of the Waldo Hills uplift. The

age of these sediments is unknown but they may be correlative to the late Miocene-

Pliocene Monroe Clay of Roberts and Whitehead (1984).

Neotectonic features in the valley include: 1) the Owl Creek fault which is at least late

Pleistocene in age and possibly younger, 2) the Harrisburg anticline, 3) the Turner

fault, and 4) deformation in the North Santiam River basin including the Mill Creek

fault. With the exception of the Owl Creek fault, the minimum age of these

structures is poorly constrained but at least post-Miocene and possibly younger.

Although a regional-scale structural terrace is present beneath the southern

Willamette Valley, the most important factor controlling the location of the valley is

erosion of the relatively incompetent strata of the Eugene Formation.
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