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Figure 2. — Physiographic and geological provinces of Oregon and Washington.
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Figure 23. — Mean annual precipitation in Oregon and Washington (U.S. Weather Bureau 1960a, b).
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ASSESSING EARTHQUAKE HAZARDS AND REDUCING RISK IN THE PACIFIC NORTHWEST

"

175° 1200
% !
n Tt
\!@WS v
hY
L 4
AN
r ' A
EXPLORER
PLATE >
TN snimi couumm
> ~7/N WASHINGTON
Puget
lowland
p
VAN
bt
S
[~}
2 A 5 Va
g. n -
JUAN DE FUCA Sy "
45° | |
c1 —
2 2
L 2
I
: Willamette
| Valley
>
' VAN
|
1
l’ OREGON _
~ . 1 CALIFORNIA ‘[
S ~ - ‘ l
GORDA AN 1
SOUTH
PLATE Y lﬁ
|
L A i
40 MENDOCING
PACIFIC FRACTURE ZONE ‘ .
PLATE :
.
N
0 100 200 400 KILOMETERS
(I | B | .| San Franclsco
| [ |
Flpure 76.

Plate boundaries of the Pacific Northwest showing locetions of teclanic features and the Wil-
lamette Valiey study arca, Heavy line, study-nrea boundary: hatehed aren, Willametie Valiey and Pugs!

lowland: sawtecth denote upper plate of thrust fault. Major siratovaleanoes are shown by open triangles.
Bot labeled "M™ in northwestern Qregon [« the Mist gas field,

I

[C[[f(c



A

PACIF]C ""-;:-'.:-’c" L
JUAN DE FUCA RIDGE _,‘:" C U " o

.... - p 1Erg-pd T

plautts .- < St g !

cascodia WUEL BT e el N/

Subductad Juan
de Fuca plate and
oceanic lithosphare

A

Zone of
coastal uplift

Zone of inland
subsidenca

Spreeding

Subduction
ridge

thrust fault N

PACIFIC
PLATE

NORTH AMERICA PLATE

JUAN DE FUCA PLATE
Mantle upwelling
B
Potantial segmentation
of tha subducted plate
below the thrust {ault
Down-dip component
of slab pull force
Shallow revarge faults and Pacific coast CASCADE
WEST the accretionary wadge Olymple Panlnsula Pugat Sound RANGE EAST
SEA -/ J lowland GE >
LEVEL L ——
NORTH AMERICA PLATE
@ 0= thorphgrg——TCA PLATE e . Continantol ™|
Bl ~ Crust
E Brittle-ductite boundary
= - e
g EXPLANATION Lithosphera
¥
z 60 |— Ej Area of contlnental-crust earthquakes
E % Area of Benloff.zone qarthquakes
4 80 \—
mwwaeyy Polentially selsmogenic thruat fauit
100 L— —
C

Copmmem mAEatE ARIA L A Gy =

]




Accretanary
wetgr

36 m.yb.p. EBarly Oligocene

Qcean spreading center 1'5{

Hot spol
55 m.y.b.p. Early Eocene

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

=AU

ST S
Oligocene intrusives

e
o

5 miles

Schematic of Corvallis and Kings Qalley Faults
(from Qrr and Orr 1999)

b



'm“m

PALIFIL
OCEAN.

5 G
) A
S i
PASIHC HONTHARMERIGA PLATE ';t’!
PLATE AbEhic o
. ) “EMV
A
¥
i . T . Mwi
i i s oo 7 2
bW BOKONEE NEVAITA
£° b ol "
L

Enst Want

Lowering

Terrace %
.@ Local Base Level

Development

i

poat4lt of 5° {solid line)

Cartoon showing effects of Coast Range tilting on
watershed gradient (from Rhea, 1993)

"7









-
é’\/{ﬂ (. i m/‘






ARSERRING RARTHQUAKE HARARDE AND RIDUECINA RIBK IN THIT PACHTE NORTIIWHNT

18R

velun
_.l vonews o4 Bingesoy g L
SDIURDIOA DAY NNB]IS BO(URD|OA JRAIY e|ig ﬂuuﬁﬁu_o‘) ucbmm N—htm CWMSCNE W
SHURDMOA 18ald IS ~
NAVAAVAAVAL/ I oo S o5 | wesnein | -
i Tadets 05 | ves!
UO[IBWIO BRAL UOIBUNIOY 69A] UOSBLUIOS BRAL «d.._cﬂ.ﬂnmsn QAL ]
W e .mm_ v ama—
OIRULIO |IJWRA vogwiog AL UOURWIOY g ¢ h_\f _,O_._
wuol
. : ywe . . Z1 o
UOHEBWLOS [IYWERA UOLBLIOL {jIyLUe A ywep L wes | soqwow iemoy |m z w 2
3 - m
JOGUUIRLU BPPRY wwlv wu m
UONEWIOY JeIURdS oo 2
YONEWI0Z Jasueds | | seawew seddn 45 ]
#ieys giopuaseg [ HY c
Wy Agseay ! $21LE2|OA JUd[eAInbD '$S Wiod [euun =]
“ust prig Banguig “wjynip Bangsuly | T AR WIpes -uoneunod Jasusdg g . m_ m 71/\)\ ¢ 7\(\?31@«. E I S RO
T A /T My ¢ Y1 AJ ouLsel g ic 3 b
J 1 ; 53204 ARWBWIpas p 4 25 M W
” suney \A g e > <
UONBWIOS Basly o
sMO|| Jiljeseg 2 e m
¢ 9 o &
T T TTE > g2 5 g
¢ 3 =z
$00) m m Wu m m m
AJeluTunpas & A 2 s -
auljpuess ﬁ mw.u_ 2 W k 8
UOREWLIOY UONEWIOS euinbeA _ % i ¢z
enejow 4\?4
v
yeseg aucIspnyy BAN m j
spucy apues o =
IRARREYRN dnosq leseg JaAly _IQUIN|oD dnoJo) JjesReg JBAIY RIGUWNOD & =<
p3quapy sBuudsg | voneuwwod rou BRiE (e SDUOH SDUE >
Rysyaee oo JUIAUL % i UL Lo
NN voneuuod jeapel L [Toeray z
% 9 umsiny (X w
: N s 5| 2
UOARULIO] ({JRLOISY dnoin lesed JaAly equnio) dnoJo ljeseg SsAly BIQWNICD) _ clm
T AW e We W W WaN
: ueseg wndeuem | | ayicomnoy | usseg wndeugs z
LONEULIO ssquiepy sBuldg vewyoualg ade) Jequapy sBudg urwyoULsLd i 50t I -
’ 3 | i j0 suoispues R 3
LH 1 eipms U 21 :CE‘% | :
dnouin) Yesag Jaaly exquuinion \EP ﬂ
§ESeg SULRILNOW F|ppes hudopﬁnz ) aataW! N~ UoNRWIOS 24dW3 ~
A ue
JPQUIFR BUOWOJ o s spsodep Asgjusunpes | §)sodap Adeluawpes vey _!
\::t ~ _E\E/T/ L~ rwedun v , | | wouiso
H
l A A AR E A AT N ¢ 4 ) mo _w
UORPWIO] 9(ePINCI( | uoneULO] BlEPINOI) & ] ,.r 1 _ 1} 21808
ﬁogn o eawn €3.8 €)jR|OKW EQJR OIALUUININ oBUCH 1680 |9IIUB 23JR YINOWUOR 2010 ALSBN vase Azg 5007 M ha} ._WWMM_MZ H3Od3
ROJ BRI -Au uobasp -UED[RYS = 2 jesued -5|[]8AJ0D ; * 3 8 .M _.m_ 4 o4
! | i L




204 ASSESSING EARTHQUAKE HAZARDS AND REDUCING RISK IN THE PACIFIC NORTHWEST
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Flgure 84, Tectonic map of the southern Wiltamette Valley, Oregon, Areis anderfain by atluvial and Quvinl deposits that postdate the
Cotumbia River Basult Group are unshadeds ureas underlain dircetly by bedroek are shaded, BCF, Beaver Creek fault: CRF. Calapoetia River
fuult: EAF, East Albany fuult; GIY Glenbrook Fsutt: HA, Horedshuarg aotichine: JA, Jelferson anticline: LI, Lebanon fauli; MCF. Milt Creek
fault: MF, Monroe lault: OwCF, Owl Creek fuult: OKCE, Ouk Creek fuvlt PCF, Pieree Creck faslt RBE, Ridgeway Butte fault; TF, Tumner
fault: WHRFF, Waldo Hitlc range-front fault; WHU, Walda Hills uplify,
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TECTONICS OF THE WILLAMETTE VALLEY. OREGON
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Willamette Vnlley 217

sea level ]

-1,000°

-3,000°

A mosaic of criss-crossing faults extends east of
Corvallis and Albany through the Willamette Valley
and into the Western Cascades (after Yeats, et al,,
1991; Graven, 1990).

Sca tevel

Sea level

Gently folded Tertiary marine sediments in the
southern Willamette Valley are cut by the Pierce
Creek fault north of Eugene (after Yeats, et al.,
1991; Graven, 1930)}.
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SOIL ASSOCIATIONS *

AREAS DOMINATED BY DEEP, SOMEWHAT EXCESSIVELY DRAINED TO POORLY
DRAINED SOILS OF THE BOTTON LANDS

Chehalis-Newberg-Cloqualo assocration: Well-dramned silty clay loams and silt
toams and excessively drained loams and (ing sandy loams

McAlpmn-Abiqua sssecialion: Moderalely well draned and well drawned silty clay
loams

Waldo-Bashaw associalion: Pooily dramed silly clay loams and clays

|ZI Winchuck variant-Nehatem associalion: Well-dramed 511t loams

AREAS DOMINATED 8Y DECP, WELL-DRAINED TO POORLY DRAINED 30tLS
OF THE WILLAMETTE VALLEY TERRACES

Woodburn-Willametle associzlion: Moderalely well dramed and well drained silt
oams

Dayton-Amity association: Poorly drained and somewhal poorly drained sitt loams

Malabon-Coburg associalion: Well dratned and moderalely well drained silty clay
loams

Iz

LANE | COUNTY
R 5W

U. & DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

OREGON AGRICULTURAL EXPERIMENT STATION

GENERAL SOIL MAP
BENTON COUNTY AREA, OREGON

Seale
1 a 1
| 1

1.190.030
2 3 4 Miles
| | |

AREAS DOMINATED BY SHALLOW TO DEEP, WELL-DRAINED TQ SOMEWHAT
POORLY DRAINED $OILS OF THE FOOTHILLS

Dixonville-Philomath associabion: Moderalely deep, well-drained silly clay loams
and sihallow, well-drawned silly clays

Price-RIlner association: Deep, well-drawned soty clay loams and medaralely
deep, well-draned gravelly silly clay loams

Jory-Bellpine association: Deep and moderately deep, weli-drained silly clay loams

Hazelaw-Venela association: Moderalely deep, moderalely well drained to some-
what poor{y drawned siit loams and deep, moderalely well drained 1o well draned
sill loams

AREAS OOMINATED BY DEEP AND MODERATELY-DEEP, WELL-DRAINED
SOILS OF THE DEEPLY DISSECTED COAST RANGE

Kligkitat-Marly association: Deep, well-drained gravelly clay loams and gravelly
loams

Apt-Honeygiove-Bohannon 2ssocialion: Deep, well-drained s)lty clay joams and
moderalely deep, well-drained gravelly loams
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Mpowat , (99/

W. R Dupré and Others
. Tualalin Yalley Southern Willametle N
Fonca e St v ot e ey e vt
. Oeacon, (967} (Allison, 1953) : ’
§ Recenl allivum Young allivium
& Recen alluvium Recent alhwvium
E Recent (?) tetrace deposits Terrace gravels
S P S ]
Uppar Pleistocene sand and silt Lacustrdne deposits Greenback Member Greenback Member
Malpass Member
Willamere Willametie
Lacustrine d 0 avelly, F, Li F i .
sacng; ;x si?rpy‘o;:ass(gsr) i Willametie Silt Willamete sills onmatian Irish Bend Member ormatian u:;ii?" &';’fn'bi?m
Wyaltt Membet
) A Diamong Hilt Member L Diamond Hill Member
=
dé Estacada Formalion :: Linn gravels 'Eg:f;?%n Fl«:rnmalion <
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& | sandy River Mudstone Helvetia Fro. }
Figure 15, Correlation of Quaternary stratigraphic units of the Willamette Valley and adjacent areas.
Alternative stratigraphic schemes for the Willamette Silt/ Willamette Formation are shown in the three
columns to the right.
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Figure 16. Generalized cross section of geomorphic surfaces at about the latitude of Salem. Subsurface
distribution of the Linn Gravels showa here is speculative,
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Willamette Valley 207

Pleistocene fluvial and flood deposits and structure
of the southern Willamette Valley (after Yeats, et
?_______J___,__._,———“ T
Py

al., 1991; Graven, 19380) fé[\ ——
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Along with floating icebergs, the rushing
waters carried enormous amounts of gravel, sand, silt,
and clay in suspension as well as rolling and tumbling
along the bottom. In the valley this mass of flood
borne sediment was segregated by the narrows at Lake
Oswego leaving much of the coarse material in the
vicinity of Portland and the Tualatin Valley. A huge
sand and gravel bar dammed the Tualatin River for a
pericd to form a small lake 5 miles west of Oswego.
Sometime after the fiood receeded, the river cut
through the bar, and the lake drained, but the basin
which had been scoured and deepened by the flooding
remains. Sweeping through Lake Oswepo, large vol-
umes of the finer sands and silts along with ice rafted
boulders that had been collected upstream washed
southward into the lower Willamette Valley where they
were deposited over the valley floor and lower slopes
of the surrounding hilis. Sands predominate at Canby
and Aurora, and silts, tens of feet thick, were spread as
far south as Harrisburg.

The muddy waters filled the central valley
temporarily creating Lake Allison. Extending from the
Lake Oswego and Oregon City gaps southward almost
to Eugene, the surface of this large body of water was
over 350 feet above present sea level. The lake formed
when the valley was dammed at its north end by ice
jams or overwheimed by the amount of water coming
south. Repeated surging as new water came through
the gap at Oregon City and ebbing as it drained out
kept the lake level in a constant state of fluctuation.
The tops of lake siit deposits are commonly 180 to 200
feet in elevation throughout the Tualatin, Yambhill, and
Willamette valleys. After a brief interval the water
drained back out to the Columbia and the ocean.

The multiple floods had a lasting impact on
the channel of the Columbia River and the Willamette
Valley. Because the flow of flood water into the
Willamette Valley was opposite to the normal north-
ward drainage, the river was disrupted for periods up
10 two weeks until the waters receeded. Distinct
banded layers of Willamette Silt brought into the valley
indicate the flood waters must have invaded many
times. As flood waters entered the valley they were
quickly stripped of coarse sand and gravel when
ponding took place. Silt and clay particies, however,
remainded suspended in the turbid waters and covered
the valley with a layer up to 100 feet deep exposed
today along the banks of the Willamette and iis
tributaries. Surface deposits of these silts are best
developed in the southern Willamette Valley where
they are subdivided into four members of the Willa-
metie Formation on the basis of subtle mineral and
textural differences. Within the Willamette Silts, the
Irish Bend Member has been identified as the primary

Willamette Valley 213

Glacial erratics carried into the Willamette Valley
atop icebergs during large Pleistocene floods are
scattered from Eugene to Portland (after Alfison,
1935).
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Figure 81,

Depoxitional history of the southeen Willameile Valley, Oregon, nfler Miocene time, Modified from Roberts (1984).
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Quaternary Geology of Mid-Willamette Valley
{from O'Connor et al., 2001)
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TABLE 1.—Dischatge characieristics for selected rivers, Willamelle Lowland, Oregon and Washinglon

[mi2, square mules; (t3/s, cubic feet per second, . nol regulated)]
Year {low Annual discharge (ft3/s) of
Drainage regulation Penod
Name of gaging station’ area (mj2) began Mimimum Mean Maximum record
Middle Fork Willarmette River at Jasper 1,340 1953 1,880 4,060 6,220 1967-91
Coast Fork Willamette River near Goshen 642 1942 510 1,600 2,700 195141
McKenzie River near Coburg 1,337 1963 4,580 6,020 8,280 1945-63
Long Tom River at Monroe 391 1941 310 700 1,230 192240
Marys River near Philomath 159 -- 100 450 320 1941-82
Calapooia River at Albany 372 - 240 S00 1,510 1941-81
Scuth Santiam River at Waterloo 640 1964 1,700 2,910 4,550 1906-65
North Santiam River at Meharma 655 1653 2,060 3,250 4,330 1606-52
Santiam River at Jefferson 1,790 1953 4,250 7,600 11,630 1908-53
Luckiamute River near Suver 240 -- 230 890 1,460 1505-91
South Yamhill River near Whiteson 502 - 460 1,720 3,120 1940-91
North Yamhill River at Pike 67 -- 160 240 370 1949-72
Molalla River near Canby 323 -- 520 1,160 1,820 1929-7&
Pudding River at Aurora 479 -- 700 1,220 1,980 192964
Tualatin River at West Linn 706 1975 1,050 1,530 2,540 1952-7C
Clackamas River at Estacada 671 1958 1,660 2,690 3,920 1909-57
Clackamas River near Clackamas 930 1958 1,720 3,640 5,720 196382
Willamette River at Portland 11,100 1947 13,710 32,180 54,490 1973-91
East Fork Lewis River near Heisson 125 -- 417 757 1,117 1930-7¢

! Ali rivers located in Qregon except the East Fork Lewis River.

The stream discharge is derived principally from
rainfall runcff. Additionally, snowmelt from some of
the eastern tributaries provides increased flows into the
late spring, and ground-water discharge contributes to
streamflow as well (particularly to most stream reaches
in the lowland areas). The discharge pattern coincides
with the precipitation pattern. Although the total
amount of runoff is very different between wet and dry
vears (Oster, 1968), the seascnal pattern of runcff in
both wet and dry years is similar. Generally, the initial
rains of the early fall recharge the soil zone and
contribute little runoff. After the soil has reached field
capacity, runoff begins to increase. By November, runoff
closely corresponds to the pattern of precipitation, and
the largest monthly flows occur throughout the study
area between November and April (fig. 5)—a direct
result of heavy rains and some early snowmelt. The
combination of warm winter temperatures and heavy
rains falling on snow generally results in the largest
rates and volumes of runoff, as exemplified by the
disastrous floods of December 1964 and February 1996.
Runoff also is large during the spring, when streams
draining the Cascade Range carry large volumes of
snowmelt. Throughout the study area, streams recede
to minimum flows between July and Octcber, when

precipitation is Jowest and the temperature is relatively
high.

There are marked differences in the volume ar
seasonal distribution of tributary discharge (Friday a1
Miller, 1984). The differences are a function of whi
mountain range a stream drains. The major easte
tributaries  (Clackamas, Molalla, Pudding, Nor
Santiam, South Santiam, Calapooia, McKenzie, and Mi
dle Fork Willamette Rivers) drain about 60 percent of t
Willamette River Basir and accounl for about 75 perce
of the mean annual discharge of the Willamette Riv
Basin (table 1, using data from the Santiamn Riv
atJefferson gage to represent the combined influence
the North Santiam and South Sanbam  River
These eastern tributaries contribute more {and seasona
prolonged) discharge compared with the western trik
taries because they have drainage basins that (1)e
larger, (2) are at higher altitudes, (3) receive more ra
fall, {4} receive more snow, (5) are capable of receivi
and transmitting more ground water, and {6) conte
permanenl glaciers.

The major western tributaries (Tualatin, North Ya
hill, South Yambhill, Luckiamute, Marys, and Long Tc
Rivers) drain the Coast Range and its foothills a
account for about 17 percent of the mean annual d
charge of the Willamette River Basin (table 1). The Co:
Range was not subject to glaciation and, as a rest
does not contain large giacially derived alluvial valle
that store and transmit large quantities of ground wat:
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HYDROGEOLOGIC FRAMEWORK OF THE WILLAMETTE LOWLAND AQUIFER SYSTEM, OREGON ANT? WASHINGTON BL7

REGIONAL HYDROGEQLOGIC UNITS

Five regional hydrogeologic units, each consisting of
one or more recognized geologic units, have been
defined for this study (Gannett and Caldwell, 1998).
Geologic units that have similar overall hydrogeologic
characteristics and are adjacent or occupy similar strati-
graphic positions were combined into a single hydro-
geologic unit. The five hydregeologic units, from oldest
to youngest, are (1) the basement confining unit, (2) the
Columnbia River basalt aquifer, (3) the Willamette con-
fining unit, (4) the Willamette aquifer, and (5) the Wil-
lamette 5ilt unit. These units each have relatively
uniform and distinct hydrologic properties. A correla-
tion chart showing the relation between hydrogeclogic
and geologic unifs is presented in figure 7. A map of the
surficial extent of the regional hydrogeologic units
(fig. 8) and the two hydrogeologic sections (fig. 9) show
the three-dimensional framework of the aquifer system.

In their work in the Portland Basin, Swanson and
others {1993) included the Boring Lava in the Troutdale
gravel aquifer (considered to be part of the Willamette
aquifer in this regional study). Where the Boring Lava is
most extensive in the study area—on the plateau
between the Portland Basin and the central Willamette
Valley—it overlies fine-grained sediment of the
Willamette confining unit and is hydraulically distinct
from the Willamette aquifer. Because a number of wells
yield water from the Boring Lava, the formation is
shown on figure 8; however, the formation is limited in
extent and is not considered a regional hydrogeclogic
unit for this study.

The basement confining unit forms the lateral and
basal boundary to the Willamette Lowland aquifer
systemm. The basement confining unit includes all the
stratigraphic units that underlie either the Columbia
River Basalt Group in the northern part of the lowland
or the basin-fill deposits in the southern part (fig. 9).
The unit is composed of Tertiary marine sedimentary
rocks and Eocene voleanic rocks of the Coast Range and
volcanic rocks of the western Cascade Range.
Tertiary marine sandstone, siltstone, claystone, and
shale are exposed in the Coast Range and underlie most
of the southern and central Willamette Valley, the entire
Tualatin Basin, and the western part of the Portland
Basin. Marine sedimentary rocks and western Cascade
volcanic rocks are exposed in the Cascade Range
foothills and underlie the eastern parts of the southern
and the central Willamette Valley and the eastern part
of the Portland Basin (fig.8). The contact relation
Yetween marine strata and Cascade Range wvolcanic
rocks beneath the Willamette Lowland is poorly known.
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'# Willamette confining unit

Geologic data modifed from Gannet! and Caldwell,
1988, USGS Frofessional Paper 14244

FiGURE 9.—Hydrogeologic sections. { A-A’—North-south section in central Willamette Valley. B-B'-East-west section in southern Willamette Valley.
‘Trace of sections shown on figure 8.}

The Columbia River basalt aquifer overlies the
basement confining unit over 2,500 mi® of the northern
part of the Willainette Lowland (fig. 10) and consists of

mapped (Gannett and Caldwell, 1998) by using
information from water well logs, oil and gas expioration
well logs, and seismic reflection interpretations from

lavers of basalt flows of the Columbia River Basalt
Group. The thickness of the aquifer generally is
several hundred feet but locally is as much as 1,000 ft.
The top of the Columbia River basalt aquifer was

Werner (1990) and Yeats and others (1991). The top of
the Columbia River basalt aquifer coincides with the
structure contours of the base of the Willamette con-

fining unit in the northern part of the jowland (fig. 11).
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