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IMPORTANT NOTICE FOR INTERPRETIVE SERIES MAP IMS-14

This map depicts earthquake hazard zones that are based on limited geologic and geophysi-
cal data, as described in the text. The map is not a substitute for site-specific investigations
by qualified practitioners. At any point in the map area, site-specific data may give results that
differ from those shown on the map. Some appropriate uses for the map are discussed in the
text. For a complete understanding of the earthquake hazard, consultation of the following
Department publication is also recommended: Madin, I.P., and Mabey, M.A., 1996, Farthquake
hazard maps for Oregon: Oregon Department of Geology and Mineral Industries Geological Map
Series GMS-100.
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ABSTRACT

This Relative Earthquake Hazard Map of the Eugene-Springfield Metropolitan Area depicts the relative risk
of earthquake damage that results from local geologic conditions. On a neighborhood-to-neighborhood
scale, local geologic conditions contribute as much as, or more than, any other factor to the hazard por-
tion of a risk assessment. Showing in relative terms on a single map the hazard contribution of differ-
ent earthquake-related hazards allows a nongeologic and nonengineering audience to work more effec-
tively toward reducing the risk to life and property through planning, policy, and mitigation measures.
The composite hazard map was developed by combining single hazard maps for ground motion ampli-
fication and slope instability. The single component maps were developed to show geographic patterns
of stronger earthquake effects for two likely earthquake sources. Zones that are expected to have the
most pronounced damage in any moderate or larger earthquake are shown on the map as having the
greatest hazard.



INTRODUCTION

Since the late 1980s, there has been a significant
increase in the understanding of earthquake hazards
in the Pacific Northwest. It is now known that damag-
ing earthquakes much larger than those that have
occurred in the historical past are possible (Atwater,
1987; Heaton and Hartzell, 1987, Weaver and Shed-
lock, 1989; Yelin and others, 1994). Mitigation mea-
sures are a cost-effective means to minimize the dam-
age that might occur in a strong earthquake. These
measures should be based on the best possible assess-
ment of the extent and distribution of earthquake
damage. Earthquake hazard maps are one way to pri-
oritize mitigation efforts.

The amount of damage sustained by a building
during a strong earthquake is difficult to predict and is a
function of the size, type, duration, and location of the
earthquake, the characteristics of the soils at the build-
ing site, and the characteristics of the structure. At pre-
sent, scientists cannot accurately assess the location or
size of future earthquakes. They can, however, predict
the behavior of the soil column at any particular site.

These maps are an attempt to identify those areas
within the Eugene-Springfield Metropolitan Plan
Boundary that will suffer more damage, relative to
other areas, during a damaging earthquake. The anal-
ysis is based on the behavior of the soils and does not
depict the absolute earthquake hazard at any particu-
lar site. In order to understand how the soil behaves at
one site relative to another, it is necessary to use spe-
cific design earthquakes for the analysis. For this
study, the design earthquakes were a magnitude (M)
6.5 crustal earthquake at a focal distance of 10 km (~6
mi) and a M 8.5 subduction zone earthquake at a focal
distance of 100 km (~60 mi). However, it is unlikely
that any “real” earthquake will exactly match our
design parameters. It is quite possible that, for any
given earthquake, damage in even the highest relative
hazard areas will be light. For instance, the earthquake
might cause damage but be of lower magnitude or
occur at a greater distance than our design earth-
quake. On the other hand, during an earthquake that
is stronger or much closer than our design parameters,

even the areas in the lowest relative hazard categories
could experience severe damage. This serves to reem-
phasize that we do not know where future earth-
quakes will occur or how big they will be.

The assessment of soil behavior (and hence the rel-
ative earthquake hazard) is based on geologic map-
ping and specialized geophysical and geotechnical
measurements. These measurements are combined
with state-of-practice geotechnical analysis and
Geographic Information System (GIS) methodology
and tools to produce the final map. The result is a map
that divides the map area into four relative hazard
zones; ranked from the greatest hazard (Zone A) to
the least hazard (Zone D). Because of the way the rel-
ative earthquake hazard is calculated, Zone A does
not occur in the Eugene-Springfield area. The reason
for this is discussed in the section titled “Relative
earthquake hazard map”.

Because the map exists as “layers” of digital GIS
data, it can easily be combined with earthquake source
information to produce earthquake damage scenarios.
The map can also be combined with maps of earth-
quake probability to provide an assessment of the
absolute level of hazard and an estimate of how often
that level will occur. Finally, the map can also be easi-
ly combined with GIS data for land use planning.

Levson and others (1995) described several applica-
tions of relative earthquake hazard maps to land use
and emergency planning. They include: (1) identifica-
tion of areas with vulnerable lifeline systems; (2) plan-
ning of transportation and utility corridors; (3) setting
priorities for seismic upgrades for structures such as
schools, hospitals, and other public safety and essen-
tial facilities; (4) initial screening for new sites for
essential facilities; (5) identification of areas requiring
special study before development; (6) identifying
high-hazard areas with restricted development; (7)
property insurance; (8) assessment of risk for financ-
ing new projects; (9) providing information on site
effects for the design of new structures; and (10) estab-
lishing more stringent design requirements where
needed.



EARTHQUAKE HAZARD

Earthquakes from three different sources threaten
communities in western Oregon (Figure 1). These
sources are crustal, intraplate, and subduction zone
earthquakes. The most common are crustal earthquakes,
which occur in the North American plate above the
subduction zone at relatively shallow depths of 10-20
km (6-12 mi) below the surface. The 1993 earthquake
at Scotts Mills (M 5.6) (Madin and others, 1993) and
the 1993 Klamath Falls main shocks (M 5.9 and M 6.0)
(Wiley and others, 1993) were crustal earthquakes.

Deeper intraplate earthquakes occur within the
remains of the ocean floor (the Juan de Fuca plate)
subducted beneath North America. Intraplate earth-
quakes caused damage in the Puget Sound region in
1949 and again in 1965. This type of earthquake could
occur directly beneath the Eugene-Springfield
metropolitan area at depths of 40-60 km (25-37 mi).

Great subduction zone earthquakes occur around the
world where the plates that make up the surface of the
Earth collide. When the plates collide, one plate is
shoved (“subducts”) beneath the other, where it is
reabsorbed into the mantle. This dipping interface
between the two plates is the site of some of the most
powerful earthquakes ever recorded, often having

magnitudes of 8 to 9 on the moment magnitude scale.
The 1960 Chilean (M 9.5) and the 1964 Great Alaska
(M 9.2) earthquakes were subduction zone earth-
quakes (Kanamori, 1977). The Cascadia subduction
zone, which lies off the Oregon and Washington
coasts, has been recognized for many years. There
have been no earthquakes on the Cascadia subduction
zone during our short 200-year historical record. How-
ever, in the last several years, various studies have
found widespread evidence that very large earth-
quakes have occurred repeatedly in the past, most
recently about 300 years ago, in January 1700 (e.g.,
Atwater, 1987). Best available evidence indicates that
these earthquakes occur, on average, every 500-540
years; observed intervals between individual events
range from about 200 to about 1,000 years (Atwater
and Hemphill-Haley, 1997). There is every reason to
believe that they will continue to occur in the future.
All three types of earthquakes threaten the Eugene-
Springfield area. However, because the strength of
shaking decreases with increasing distance from the
earthquake source, the most severe shaking will result
from either shallow crustal earthquakes or great sub-
duction zone earthquakes (Mabey and others, 1993).
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EARTHQUAKE EFFECTS

Damaging earthquakes do affect the cities and
towns of western Oregon, as was demonstrated by the
Scotts Mills earthquake (M 5.6) in 1993 (Madin and
others, 1993). The Eugene-Springfield area is no
exception. Although we cannot predict when the next
damaging earthquake will strike, where it will occur,
or how large it will be, we can evaluate the influence
of site geology on potential earthquake damage. This
evaluation can occur while the exact sources of earth-
quake shaking are still being studied.

The most severe damage done by an earthquake
commonly occurs in areas that experience one or more
of the following phenomena: (1) amplification of
ground shaking in a “soft” soil column; (2) liquefac-
tion of water-saturated sand, silt, or gravel, creating
areas of “quicksand”; and (3) landslides triggered by
shaking. These effects can be evaluated before the
earthquake occurs, if data are available on the thick-
ness and nature of the geologic materials at the site
(Bolt, 1993).

The Relative Earthquake Hazard Map of the Eugene-
Springfield Metropolitan Area is a composite hazard
map depicting the relative hazard at any site due to
the combination of the effects mentioned above. It
delineates those areas that are likely to experience the
most severe effects during a damaging earthquake.
Areas of highest risk are those with high ground am-
plification, existing landslides, or steep slopes (>25° or
>47%). Earthquake effects could range from people
waking from their sleep to buildings collapsing.

Planners, lenders, insurers, and emergency respon-
ders can use such composite hazard maps for first-
order hazard mitigation and response planning. It is
very important to note that a relative hazard map pre-
dicts the tendency of a site to have greater or lesser
damage than other sites in the area by assigning a
range of zones. These zones, however, should not be
used as the sole basis for any type of restrictive or
exclusionary development policy.

HAZARD MAP METHODOLOGY

Geologic model

The most important element of any earthquake haz-
ard evaluation is the development of a three-dimen-
sional geologic model. For analysis of the amplification
and liquefaction hazards, bedrock geology is not as
important as the distribution and thickness of uncon-
solidated sediments. For analysis of the landslide haz-
ard, bedrock geology of the steeper slopes (>25° or
>47%) is important. For intermediate slopes (5°-25° or
9%-47%), the physical characteristics of the soil and col-
luvium covering the bedrock are of prime importance.
The geologic model is developed from a combination of
surface geologic mapping, surface shear-wave refrac-
tion, and subsurface borehole information. Surface geo-
logic information for the Eugene-Springfield study was
derived from a variety of sources, including published
reports by Vokes and others (1951), Walker and Duncan
(1989), Frank (1973), and Yeats and others (1991) and
additional mapping, particularly of existing landslides,
by author T.]. Wiley. Information on soil and colluvium

was obtained from the Lane County soil survey
(Patching, 1987). Authors Z. Wang and G.L. Black per-
formed surface shear-wave refraction measurements.
The bedrock geology that makes up the hills in the
southern, eastern, and northeastern portions of the
Eugene-Springfield area is complex. However, the geol-
ogy in that part of the study area relevant to the analy-
sis of the amplification and liquefaction hazards (areas
with slopes <5° or <9%) is relatively simple. There,
during the Pleistocene epoch (1.6-0.01 Ma), the Wil-
lamette and McKenzie Rivers cut deep channels into
the underlying bedrock. These channels were filled
with gravel. The geology in these areas tends to be two-
tiered, but it varies slightly depending on whether an
area is located inside or outside the modern (Holocene)
meander belt of the Willamette and McKenzie Rivers.
Inside the meander belt, thick Pleistocene gravels are
covered with a thin veneer (~4.5 m or 15 ft) of Holocene
gravel. Outside the Holocene meander belt, the same
thick section of Pleistocene gravels is present, but it is



covered instead by a thin veneer of silt. In the north-
ern part of the study area, the silts were deposited by
the latest Pleistocene Missoula floods, which entered
the Willamette Valley in the Portland area about
12,000 years ago. In the southern part of the study
area, these fine-grained deposits are mostly flood-
plain deposits derived from the major rivers and their
tributaries.

The geology in the upland areas is more complex.
There, lava flows and tuffaceous volcaniclastic rocks
of the Western Cascades (Fisher Formation) interfin-
ger with marine sedimentary rocks of the Coast Range
(Spencer and Eugene Formations). Small intrusives
further complicate the picture.

Information from surface geologic mapping and
surface geophysical studies is integrated with subsur-
face data from a large borehole database to produce a
three-dimensional geologic model. The boreholes
used were originally drilled for water wells or foun-
dation investigations. Water-well data were obtained
from the Oregon Department of Water Resources
(ODWR), which maintains a public database of all
water wells drilled in the state. Information on bore-
holes drilled for foundation studies was obtained
from consulting geotechnical engineers and used with
permission. The resulting model defines the thickness
of soil units beneath any location on the map so that
their effect on earthquake damage can be assessed.

To assess the potential hazards associated with
local geologic materials, data on more than just their
thicknesses are needed. Additional geotechnical

parameters include the Standard Penetration Test
(SPT), which is a measure of the soil stiffness (relative
density of a soil) and hence of its liquefaction poten-
tial. Many of the required measurements such as the
SPT are acquired in the normal course of a foundation
investigation. Thus, the needed information is avail-
able from many of the same sources as the thickness
information.

In addition to the data acquired from borehole
records, the assessment technique requires shear-
wave velocities, which are used to determine the low-
strain stiffness of the soils. Downhole measurements
of shear-wave velocities were made at 15 sites in the
Eugene-Springfield area. Of these 15 sites, the Oregon
Department of Geology and Mineral Industries (DO-
GAMYI) drilled 13, using conventional drilling tech-
niques. In addition to shear-wave velocities measured
in the boreholes, additional SPTs were performed and
samples were obtained for grain-size analysis. At 12
additional sites, shear-wave velocities were deter-
mined with surface seismic methods. These sites also
produced useful information on the thickness of geo-
logic units. Seismic cone penetrometer measurements,
a common method of obtaining shear-wave velocities,
were not performed because of the pervasive occur-
rence of gravel in the study area.

All of this information is used to produce a detailed
computer-generated map of the subsurface through-
out the study area. Utilizing this information, the
response to earthquake shaking at any specific loca-
tion can be assessed.

HAZARD ANALYSIS

An earthquake causes damage through a variety of
effects, including ground shaking, liquefaction, land-
slides, fault rupture, tsunamis, and seiches (Bolt,
1993). The severity of any one of these effects, or haz-
ards, is influenced by a number of factors. Many of
these factors can be assessed in relative terms without
knowing the exact details of the earthquake itself.

The Relative Earthquake Hazard Map integrates three
separate earthquake hazard components. They are (1)
ground shaking amplification, (2) liquefaction, and (3)
earthquake-induced landsliding. Fault rupture, tsuna-

mis, and seiches are not considered to be threats in the
Eugene-Springfield area. Each of these phenomena is
a distinct and separate hazard and, in concert with
others, can increase the severity of the total hazard at
a given locality. The distinctions between components
are important to technical specialists but less critical to
a nontechnical audience. It therefore makes sense to
generate a map of each of the individual hazard com-
ponents that will be available to those able to use them
and to then combine the individual maps into a sim-
ple, unified hazard map that generalizes the issues in
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