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1.0 EXECUTIVE SUMMARY

On December 30, 2008, the Oregon Department of Geol-
ogy and Mineral Industries (DOGAMI) entered an inter-
governmental agreement with the City of Silverton, Oregon 
(IA no. 41460-11242008) to perform regional landslide 
hazard evaluation of the City of Silverton. 

Deliverables of this study include the following:
•	 this report text
•	 hazard maps:

◦◦ landslide inventory map (Plate 1)
◦◦ shallow-landslide susceptibility map (Plate 2)
◦◦ deep-landslide susceptibility map (Plate 3)

•	 geographic information systems (GIS) files:
◦◦ landslide inventory
◦◦ shallow-landslide susceptibility
◦◦ deep-landslide susceptibility

The Protocol for Inventory Mapping of Landslide Deposits 
from Light Detection and Ranging (Lidar) Imagery (Burns 
and Madin, 2009) was used to create a landslide inven-
tory of the City of Silverton area; 110 landslide deposits 
were located during this project. Of these, 25 are within or 
directly adjacent to the city. Of these 25, nine were classi-
fied as shallow, seven as deep, and two as debris flow depos-
its. The other seven (of the 25) are areas of rock fall and/or 
debris slide deposits. 

The Protocol for Shallow-Landslide Susceptibility Map-
ping (Burns and others, 2012) was used to create a shallow-
landslide susceptibility map of the City of Silverton area. 
Approximately 5% of the City of Silverton is classified as 
highly susceptible to shallow landslides, 19% as moderately 
susceptible to shallow landslides, and 76% as less suscep-
tible to shallow landslides.

We followed the deep-landslide susceptibility mapping 
method outlined by Burns (2008) to create a deep-landslide 
susceptibility map of the City of Silverton. Approximately 
0.2% of the City of Silverton is classified as highly suscep-
tible, 1% as moderately susceptible, and 99% as less suscep-
tible to deep landslides.

We developed landslide inventory and landslide suscep-
tibility maps with the best available data and documented 
methods, but several limitations underscore that these 
maps are designed for regional applications and should not 
be used as an alternative to site-specific studies in critical 
areas. These limitations are described in detail on Plates 
1–3.

These maps are intended to provide users with basic 
information regarding landslides and the susceptibility to 
landslides within the mapped area. The data are particu-
larly suitable for incorporation and into regional GIS data-
bases for a multitude of purposes. These include but are not 
limited to city and county hillside development ordinances, 
issuance of building permit conditions, public works plan-
ning and operations, and environmental and sustainability 
issues. We reiterate that these data are not appropriate for 
site-specific evaluations. 

The City of Silverton has a relatively low to moderate 
landslide hazard, when compared to other communities 
in Oregon. About one twentieth of the city is underlain by 
historic and prehistoric landslide deposits. However, some 
mapped landslide deposits (in particular, rock fall and/or 
debris slide deposits) are overlain by development. This 
relationship indicates a significant landslide risk exists in 
the City of Silverton, and thus there exists a strong need for 
landslide risk management. Landslides adjacent to Silver 
Creek Reservoir also indicate a significant risk.

2.0 SIGNIFICANCE OF THE PROBLEM

Landslides are one of the most widespread and damaging 
natural hazards in Oregon. In order to begin reducing losses 
from landslides (mitigation), areas of landslide hazard must 
first be located. The first step in landslide hazard identifica-

tion is to create an inventory of past (historic and prehis-
toric) landslides. The inventory can then be used to create 
susceptibility maps that display areas at risk for landslides. 
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3.0 PURPOSE AND SCOPE

The purpose of this study is to evaluate the regional rela-
tive landslide hazard and to provide recommendations to 
the City of Silverton (Figure 1). Seismic, civil, and environ-
mental evaluation of any kind are beyond the scope of this 
project. 

We performed our services in accordance with the inter-
governmental agreement with the City of Silverton (IA No. 
41460-11242008). DOGAMI is not responsible for inde-
pendent conclusions, opinions, or recommendations made 
by others from information provided in this report. 

Considering the dynamic environment in Oregon, the 
inherent risks associated with development in hilly areas, 
and incomplete knowledge of geologic hazard processes, 
we warn that our report does not assure any safety or war-
ranty from geologic hazards. The maps in this study were 
developed with the best available data and documented 
protocols; however, several limitations underscore that 
these maps are designed for regional applications and 
should not be used as an alternative to site-specific studies. 
These limitations are described in detail on Plates 1–3.

 

Figure 1. Study area, City of Silverton, Marion County, Oregon (outlined in pink).  
Outlined in yellow is the extent of Plates 1-3 included in this study. 
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4.0 CREATION OF THE HAZARD MAPS

As part of this study, we created three landslide hazard 
maps: 1) lidar-based landslide inventory, 2) shallow-land-
slide susceptibility, and 3) deep-landslide susceptibility. 
The methods employed to create these maps are described 
below.

4.1 Lidar-Based Landslide Inventory

Recently, very high resolution, high-accuracy digital eleva-
tion models (DEM) developed by using light detection and 
ranging (lidar) data have become available for some parts of 
Oregon. These new data give us a much better image of the 
surface geomorphology, allowing identification of features 
associated with landslides, such as concave slope depres-
sions, vertical or steep scarps, shear zones located along 
the flanks of a landslide, and shortening features of land-
slides such as toes, transverse ridges, and snouts (Burns 
and Madin, 2009). Such features can be used to identify 
landslides with a high level of certainty and to map them 
accurately. In the past, most accurate, higher-certainty, 
landslide maps were created using a combination of aerial 
photography and extensive field survey. The use of lidar-
derived bare-earth DEMs is the key to the landslide map-
ping performed in this study.

Prior to beginning lidar-based mapping of landslides in 
the Silverton area, we reviewed two landslide inventories: 
1) the 1996-1997 storm events inventory (DOGAMI Spe-
cial Paper 34 [Hofmeister, 2000]) and the Statewide Land-
slide Information Database for Oregon (SLIDO-1) (Burns, 
and others, 2008). The latest geologic maps of the area,  
(DOGAMI Oregon Geologic Data Compilation, Ma and 
others, 2009) were also reviewed. No landslides from any 
of these sources were identified within the City of Silver-
ton (Figure 2). We also reviewed DOGAMI Interpretive 
Map 22 (IMS-22) and found that many of the steep slope 
areas were identified in this publication as potential rapidly 
moving landslide hazard zones (Figure 2) (Hofmeister and 
others, 2002).

After review of previous regional landslide hazard stud-
ies, we mapped the entire study area (which encompass-
es the entire City of Silverton) using lidar-derived DEMs 
and DEM derivatives including shaded relief (hillshades), 
slope maps, and topographic contours. In addition to the 
lidar-derived images, we used an orthophotograph of simi-
lar age to the lidar data to help differentiate between some 
man-made and natural landforms. We identified landslides 

solely from ground surface morphology. Morphologic fea-
tures include head scarps, hummocky topography, convex 
and concave slope areas, offset drainages, flank shear off-
sets, and internal scarps. We created the inventory follow-
ing the protocol defined by Burns and Madin (2009).

Because landslides and landslide features are not all the 
same size, we mapped at several different scales, in this 
order:

•	 1:24,000 scale (the native scale of a standard print-
ed 7.5 minute U.S. Geological Survey topographic 
quadrangle)

•	 1:10,000
•	 1:4,000
Spatial data and tabular data were mapped into a GIS. 

Spatial data include the following four elements: 
•	 polygon (outline) of the mapped landslide deposit
•	 polygon (outline) of the landslide head scarp
•	 line of the uppermost extent of the head scarp
•	 lines of internal scarps
However, all four of these features may not have been 

present or determinable at every landslide. 
Kinds of tabular data collected are shown in Table 1. 

Some of these tabular data may not have been present or 
determinable at every landslide. Some fields are described 
in more detail on Plate 1.

One important tabular datum in the landslide inventory 
is the estimated depth of failure, which was calculated for 
each identified landslide as shown in Figure 3 (Burns and 
others, 1998; Burns, 1999; Burns and Madin, 2009).

Using estimated failure depth, we classified each land-
slide as deep or shallow seated. This differentiation is nec-
essary because different models are used to calculate or 
estimate regional stability or susceptibility for different 
depths and for different types of landslides. There is no 
widely accepted value of division between deep and shal-
low landslides, so we based our value on the combination of 
several factors and several other studies (Sidle and Ochiai, 
2006; Burns, 1999; Harp and others, 2006). We selected a 
division value of 15 ft (4.5 m) between shallow and deep 
landsliding. Burns and Madin (2009) discussed the selec-
tion of this cutoff value.

After completing lidar-derived DEM mapping and tabu-
lar database entry, we performed ground reconnaissance 
to field verify suspected landslide features. Observations 
made during the reconnaissance were used to revise the 
lidar-based landslide inventory map, as appropriate.
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Figure 2. (left) Map of previously identified landslides from DOGAMI publications Oregon Geologic Data Compilation, release 5 
(OGDC-5) (Ma and others, 2009), Special Paper 34 (SP-34) (Hofmeister, 2000), and Statewide Landslide Inventory Database for Oregon, 
release 1 (SLIDO-1) (Burns and others, 2008); and (right) map of potential debris flow hazard areas from DOGAMI Interpretive Map 22 
(Hofmeister and others, 2002). Note that no landslide points (SP-34) or landslide polygons (SLIDO-1) were identified within the study 

area (pink outline). However, some very steep slopes were identified as rapidly moving landslide hazard areas (IMS-22). 
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Table 1. Tabular data fields used for lidar-based landslide inventory.

 

 

Figure 3. Diagram and equation for calculation of estimated depth to failure.
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To assist visualization, we created a 1:8,000-scale map 
(Plate 1; reduced copy in Figure 4) that displays lidar-based 
landslide inventory data (Silverton_LSdeposits.*, Silver-
ton_LSheadscarps.*, and Silverton_LSscarps.*; these GIS 
files are provided as part of this report). This map cannot 

serve as a substitute for site-specific investigations by quali-
fied practitioners. Site-specific data may give results that 
differ from those shown on this map. Several other limita-
tions are listed on Plate 1.

C i t y  o f  S i l v e r t o n

Webb Lake

Si
lv

er
 C

re
ek

Silver 
Creek 

Reservoir

HWY 214

Pi
on

ee
r D

r.
Victor Point Rd.

RS-T

RS-R+EFL

RS-R+EFL

RF+DS-T

RF+DS-T

RF+DS-T

ES-R+EFL

DFL

EFL

RF+
DS-T

RF+
DS-T

RF+DS-T

DFL

EFL

EFL

EFL

EFL

RF+
DS-T

RS-R+
EFL

RF+DS-T

ES-T

ES-R+EFL

EFL

EFL

RF+
DS-T

EFL

EFL

EFL

EFL

RF+
DS-T

RF+DS-T

ES-R+EFL

ES-R+
EFL

EFL

EFL

RF+
DS-T

EFL

RF+
DS-T

EFL

EFL

EFL

ES-R+
EFL

EFL
EFL

ES-R+
EFL EFL

122°45'0"W

122°45'0"W

45°0'0"N 45°0'0"N

516000

516000

518000

518000

520000

520000

49
820

00

49
820

00

49
840

00

49
840

00

49
860

00

49
860

00

Landslide Inventory Map of the City of Silverton, Marion County, OregonSTATE OF OREGON
DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES

VICKI S. MCCONNELL, STATE GEOLOGIST

by William J. Burns and Katherine A. Mickelson
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HIGH CONFIDENCE (≥30 points) 

 

MODERATE CONFIDENCE (11-29 points) 

 

LOW CONFIDENCE (≤10 points) 

Each landslide shown on this map has been classified according to a number of specific characteristics identified at the time recorded in 
the GIS database. The classification scheme was developed by the Oregon Department of Geology and Mineral Industries (Burns and 
Madin, 2009). Several significant landslide characteristics recorded in the database are portrayed with symbology on this map. The 
specific characteristics shown for each landslide are the activity of landsliding, landslide features, deep or shallow failure, type of 
landslide movement, and confidence of landslide interpretation. These landslide characteristics are determined primarily on the basis of 
geomorphic features, or landforms, observed for each landslide. The symbology used to display these characteristics is explained below. 

LANDSLIDE ACTIVITY: Each landslide has been classified according to the relative age of last movement. This map display uses 
color to show the activity. 

 

HISTORIC and/or ACTIVE (movement less than 150 years ago): The landslide appears to have moved within 
historic time or is currently moving (active). 

 

PREHISTORIC or ANCIENT (movement greater than 150 years ago): Landslide features are slightly eroded 
and there is no evidence of historic movement. In some cases, the observed landslide features have been greatly 
eroded and/or covered with deposits that result in smoothed and subdued morphology. 

LANDSLIDE FEATURES: Because of the high resolution of the lidar-derived topographic data, some additional landslide features 
were identified. These include: 

 

HEAD SCARP ZONE and FLANK ZONE(S): The head scarp or uppermost scarp, which in many cases exposes 
the primary failure plane (surface of rupture), and flanks or shear zones. 

 

HEAD SCARP LINE and INTERNAL SCARP LINES:  Uppermost extent of the head scarp and internal scarps 
within the body of the landslide. Hatching is in the down-dropped direction. 

CLASSIFICATION OF MOVEMENT: Each landslide was classified with the type of landslide movement. There are five types of 
landslide movement: slide, flow, fall, topple, and spread. These movement types are combined with material type to form the landslide 
classification. Not all combinations are common in nature, and not all are present in this quadrangle. 

 

EFL – Earth Flow – Abbreviation for class of slope movement. The table below displays the types (Varnes, 1978). 
Generalized diagrams (some modified from Highland, 2004) showing types of movement are displayed below the 
table.  

EFL

Initiation
Transport

Deposition

IMPORTANT NOTICE 
 
This map depicts an inventory of existing landslides based on 
published and unpublished reports and interpretation of 
topography derived from lidar data and air photos. The inventory 
was created following the protocol defined by Burns and Madin 
(2009). This map cannot serve as a substitute for site-specific 
investigations by qualified practitioners. Site-specific data may give 
results that differ from those shown on this map. 

This map is an inventory of existing landslides in this quarter quadrangle. The landslide inventory is one of the essential data layers 
used to delineate regional landslide susceptibility. This landslide inventory is not regulatory, and revisions can happen when new 
information regarding landslides is found or when future (new) landslides occur. Therefore, it is possible that landslides within the 
mapped area were not identified or occurred after the map was prepared. 

This inventory map was prepared by following the Protocol for Inventory Mapping of Landslide Deposits from Light Detection and 
Ranging (Lidar) Imagery developed by Burns and Madin (2009). The three primary tasks included compilation of previously mapped 
landslides (including review of DOGAMI Special Paper 34 [Hofmeister, 2000] and the Statewide Landslide Information Layer for 
Oregon, release 1 [Burns and others, 2008]), lidar-based morphologic mapping of landslide features, and review of aerial photographs. 
Landslides identified by these methods were digitally compiled into a GIS database at varying scales. The recommended map scale for 
these data is 1:8,000, as displayed on this map. Each landslide was also attributed with classifications for activity, depth of failure, 
movement type, and confidence of interpretation. The landslide data are displayed on top of a base map that consists of an aerial 
photograph (orthorectified) overlaid on the lidar-derived hillshade image.  

This landslide inventory map is intended to provide users with basic information regarding landslides within the quarter quadrangle. 
The geologic, terrain, and climatic conditions that led to landslides in the past may provide clues to the locations and conditions of 
future landslides, and it is intended that this map will provide useful information to develop regional landslide susceptibility maps, to 
guide site-specific investigations for future developments, and to assist in regional planning and mitigation of existing landslides. 

CONFIDENCE OF INTERPRETATION: Each landslide should be classified according to the confidence that the mapper assigns 
based on the likelihood that the landslide actually exists. Landslides are mapped on the basis of characteristic morphology, and the 
confidence of the interpretation is based on how clearly visible that morphology is. As a landslide ages, weathering (primarily through 
erosion) degrades the characteristic morphologies produced by landsliding. With time, landslide morphologies may become so subtle 
that they resemble morphologies produced by geologic processes and conditions unrelated to landsliding. 

Landslides may have several different types of morphologies associated with them, and we define confidence through a simple point 
system (see table below) associated with these features. The point system is based on a ranking of four primary landslide features with 
a ranking of 0 to 10 points per feature. For example, if during mapping, the head scarp and toe of a landslide were identifiable and 
clearly visible, the mapper would apply 10 points for the head scarp and 10 points for the toe, equaling 20 points, which would be 
associated with a moderate confidence of identification.  

The visual display of this landslide characteristic is through the use of different line styles as shown below. 

Landslide Feature Points 

Head scarp 0-10 

Flanks 0-10 

Toe 0-10 

Internal scarps, sag ponds, compression ridges, etc. 0-10* 
 

*Applied only once so that total points do not exceed 40. 

This landslide inventory was developed with the best available data, using the protocol of Burns and Madin (2009). However there are 
inherent limitations as discussed below. These limitations underscore that this map is designed for regional applications and should not 
be used as an alternative to site-specific studies in critical areas.  

1. Every effort has been made to ensure the accuracy of the GIS and tabular database, but it is not feasible to completely verify 
all original input data. 

2. Burns and Madin (2009) recommend a protocol to develop landslide inventories that is based on four primary tasks: 1) 
interpretation of lidar-derived topographic data, 2) compilation and review of previously mapped landslides, 3) review of 
historic air photos, and 4) limited field checking. These tasks can affect the level of detail and accuracy of the landslide 
inventory. We expect the lidar data quality to improve in the future, which will likely result in the identification of more 
landslides with greater accuracy and confidence. Due to time limitations some previously mapped landslides have likely been 
missed. In some locations, historic air photos may not be available. Because field work is time consuming and therefore 
expensive, field checking may be extensive in some locations and very limited in other locations. 

3. The lidar-based mapping is a “snapshot” view of the current landscape that may change as new information regarding 
landslides becomes available and as new landslides occur.  

4. Because of the resolution of the lidar data and air photos, landslides that are smaller than 100 square meters (1,075 square 
feet) may not be identified. Some small landslides were included if they were reported by a local governmental agency, a site-
specific study, a regional study report, or a local area landslide expert, and are found to be accurately located by the mapper. 

5. Even with high-quality lidar-derived topographic data, it is possible that some existing landslides will be missed, overlooked, 
or misinterpreted by the map author. This database and map were prepared in accordance with a published protocol (Burns 
and Madin, 2009) and were reviewed to minimize these problems.  

6. Earthwork related to development on hillsides can remove the geomorphic expressions of past landsliding. This can result in 
landslides being missed in the inventory. Earthwork on hillsides can also create geomorphic expressions that mimic past 
landsliding; for example, a cut and fill can look like a landslide scarp and toe. This limitation can sometimes be addressed by 
viewing aerial photographs that predate development in the area being mapped. Therefore, to ensure that past landslides 
have been adequately identified, if a landslide was identified on the predevelopment air photos, it was included in the 
landslide inventory, whether or not surface expression was located in the lidar-derived mapping. 

7. Some landslides have been mitigated. Because it is not feasible to collect detailed site-specific information on every landslide, 
for example if it has been mitigated and what level of mitigation was implemented, mitigation has been omitted. Again, 
because of these limitations this map is intended for regional purposes only and cannot replace site-specific investigations. 
However, the map can serve as a useful tool for estimating the regional landslide hazard and as a starting place for future 
detailed landslide site-specific maps. 

Please contact DOGAMI if errors and/or omissions are found so that they can be corrected in future versions of this map. 

Burns, W. J., and Madin, I. P., 2009, Protocol for inventory mapping of landslide deposits from light detection and ranging (lidar) 
imagery: Portland, Oreg., Oregon Department of Geology and Mineral Industries Special Paper 42, 30 p. 

Burns, W. J., Madin, I. P., and Ma, L., 2008, Statewide landslide information layer for Oregon (SLIDO), release 1: Portland, Oreg., 
Oregon Department of Geology and Mineral Industries Digital Data Series SLIDO-1, 45 p., 1 pl., scale 1:500,000. 

Highland, L., compiler, 2004, Landslide types and processes, U.S. Geological Survey Fact Sheet 2004-3072 (ver. 1.1), 4 p. 

Hofmeister, R. J., 2000, Slope failures in Oregon: GIS inventory for three 1996/97 storm events: Portland, Oreg., Oregon Department of 
Geology and Mineral Industries Special Paper 34, 20 p. 

Varnes, D. J., 1978, Slope movement types and processes, in Schuster, R. L., and Krizek, R. J., eds., Landslides—Analysis and control: 
Washington, D. C., Transportation Research Board Special Report 176, p. 11–33. 

Type of Material Type of  
Movement Rock Debris Soil 

Fall RF  rock fall DF debris fall EF earth fall 

Topple RT  rock topple DT debris topple ET earth topple 

Slide-rotational RS-R  rock slide-rotational DS-R debris slide-rotational ES-R earth slide-rotational 

Slide-transitional RS-T  rock slide-transitional DS-T debris slide-transitional ES-T earth slide-transitional 

Lateral spread RSP  rock spread DSP debris spread ESP earth spread 

Flow RFL  rock flow DFL debris flow EFL earth flow 

Complex C  complex or combinations of two or more types (for example, ES-R + EFL) 
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We thank the people at the U.S, Geological Survey Landslide Hazard Program who contributed to the protocol and map template 
through discussions and suggestions especially Jeff Coe who provided a detailed review that improved the protocol used to map this 
quarter quadrangle significantly. We would also like to thank all the people at DOGAMI who helped work on this project through 
technical assistance, review, and general support, especially: Rob Witter, Yumei Wang and Deb Schueller. 
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DEPTH OF FAILURE: The depth of landslide failure was estimated from scarp height.  Failures less than 4.5 m (15 ft) deep are 
classified as shallow, and failures greater than 4.5 m (15 ft) deep are classified as deep. 

 

SHALLOW LANDSLIDE: Estimated failure plane depth is less than 4.5 m (15 ft). 

 

DEEP LANDSLIDE: Estimated failure plane depth is greater than 4.5 m (15 ft). 

Falls are near-vertical, rapid movements of masses of materials, such as rocks or boulders. The rock 
debris sometimes accumulates as talus at the base of a cliff. 

 

 

Topples are distinguished by forward rotation about some pivotal point, below or low in the mass. 

 

 

Slides are downslope movement of soil or rock on a surface of rupture (failure plane or shear-zone).  

 

 Rotational slides move along a surface of rupture that is curved and concave. 

 

 Translational slides displace along a planar or undulating surface of rupture, sliding out over the 
original ground surface. 

 

 

Spreads are commonly triggered by earthquakes, which can cause liquefaction of an underlying layer and 
extension and subsidence of commonly cohesive materials overlying liquefied layers. 

 

 

Channelized Debris Flows commonly starts on a steep, concave slope as a small slide or earthflow into 
a channel. As this mixture of landslide debris and water flows down the channel, it pick ups more debris, 
water, and speed, and deposits in a fan at the outlet of the channel.  

 

 

Earth Flows commonly have a characteristic “hourglass” shape. The slope material liquefies and runs 
out, forming a bowl or depression at the head. 

 

 

Complex Landslides are combinations of two or more types. A common complex landslide is a slump-
earth flow, which usually exhibit slump features in the upper region and earth flow features near the toe. 

,

Figure 4. Landslide inventory map (reduced copy of Plate 1 of this report) of the study area,  
City of Silverton, Marion County, Oregon.
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4.2 Shallow-Landslide Susceptibility

The Protocol for Shallow-Landslide Susceptibility Mapping 
(Burns and others, 2012) was used to create the shallow-
landslide susceptibility map. The four main components 
used in the protocol are: 

•	 Inventory Zone Map – Mapped shallow-landslides 
from an SP-42 inventory

•	 FOS Class Map – Map of Factor of Safety classes 
(high, moderate, and low) 

•	 Head Scarp Buffer Map – Map of Special Paper 42 
inventory head scarp buffers

•	 FOS Buffer Map – Map of moderate and high FOS 
Class buffers

These four factors were then combined into final suscep-
tibility hazard zones. All shallow (slides, flows, and spreads) 
were queried out of the lidar-based landslide inventory 
database and saved to a separate GIS file.

To calculate the Factor of Safety (FOS) for shallow land-
sliding, we used the infinite slope equation shown in Figure 
5. Because the infinite slope equation for regional stability 
analysis is limited to a grid type analysis (i.e., the results are 
a calculated FOS for each individual grid cell, which does 
not consider the potential impact of adjacent slopes, etc.), 
we took a conservative approach in most steps to calculate 

the FOS. The limitations are discussed in greater detail later 
in this section, on Plate 2, and by Burns and others (2012).

Several data sets are needed to calculate FOS throughout 
the area:

•	 Geology – geotechnical material properties
•	 Depth to failure surface
•	 Groundwater height above failure surface
•	 Slope angle

Material properties consist of cohesion, angle of inter-
nal friction, soil density, and water density. Because these 
properties can vary from geologic unit to geologic unit, we 
constructed a digital geologic map that contains the mate-
rial properties for each unit (Figure 6). These properties can 
also vary within a particular geologic unit, so conservative 
values were used for each unit.

Because material properties are not readily available for 
the region, we constructed and used a set of conservative 
values (Table 2).

The maximum depth to failure surface, as defined by the 
cutoff between shallow and deep landslides, is 4.5 m (15 ft). 
The groundwater parameter can vary widely spatially and 
with time. Because of these potential variations, we select-
ed a worst case scenario (most conservative) approach: 
complete saturation, or z, equals h (Figure 5).

Figure 5. Infinite-slope analysis: diagram, parameters, and equation (Burns and others, 2012; Harp and others, 2006).
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Figure 6. Geologic-material properties map of the City of Silverton (Ma and others, 2009).

Table 2. Conservative typical soil and rock material properties (Harp and others, 2006; Cornforth, 2005; Denning, 1994).

     FOS is Factor of Safety.
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The high-resolution lidar-derived digital elevation model 
(DEM) was used to create a map of slope angles for each 
grid cell (Figure 7), satisfying the slope angle parameter in 
the infinite slope equation.

Once the FOS was calculated, we removed isolated small 
elevation changes from the resulting FOS map. This was 
done by calculating the range of elevation changes (i.e., flat 
areas, slopes, to vertical escarpments) within a horizontal 
distance of 15 ft of any grid cell. After the range of elevation 
change had been calculated, all cells with values less than 
4 ft were removed from the high or moderate FOS class 
(Burns and Madin, 2009).

Because there are many limitations to regional stability 
analysis using the infinite slope equation and unknowns 
due to general lack of material properties data spatially, we 

applied a 2:1 horizontal to vertical distance ratio (2H:1V; 
Figure 8) buffer to both the head scarp and the FOS, as 
described below.

Most landslides tend to leave a near-vertical head scarp 
above the failed mass. Commonly, this head scarp area will 
fail retrogressively or a separate landslide will form above 
the head scarp due to loss of resisting forces. Generally, the 
area above the head scarp has a relatively low slope angle; 
thus, the Factor of Safety calculated using the infinite-slope 
equation on a grid is relatively high — indicating a low sus-
ceptibility of future failure. To account for the increase in 
susceptibility of this area above the head scarp, which is 
missed when using the infinite-slope equation alone, we 
used a 2:1 horizontal to vertical distance ratio (2H:1V) head 
scarp buffer (Figure 9).

 

Figure 7. Slope map of the City of Silverton, Oregon, created from lidar-derived digital elevation model.
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Figure 8. Diagram of the 2:1 horizontal to vertical distance ratio (2H:1V) used to create  
head scarp and Factor of Safety buffers.

 

Figure 9. Diagram of the 2:1 horizontal to vertical distance ratio (2H:1V) head scarp buffer.
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Figure 10. Diagram of the 2:1 horizontal to vertical distance ratio (2H:1V or 2H:1z) buffer  
applied to all Factor of Safety (FOS) less than 1.5.

Because use of the infinite slope equation for regional 
stability analysis is limited to a grid type analysis (i.e., the 
results are a calculated FOS for each individual grid, which 
does not consider the potential impact of adjacent slopes, 
etc.), we applied a buffer to all areas with a calculated FOS 
less than 1.5 or the areas considered to be potentially unsta-
ble. This buffer was applied all around areas with a calcu-
lated FOS less than 1.5 as shown in Figure 10.

To create the final shallow-landslide hazard zones, we 
combined several of the contributing factors (Table 3).

The shallow-landslide susceptibility zones are presented 
on a 1:8,000-scale map (Plate 2; see reduced copy in Figure 
11) (LSshallow-suscept.*; these GIS files are provided as 
part of this report). We created the susceptibility zones fol-
lowing the method described in this paper and the proto-
col defined by Burns (2008). This map cannot serve as a 
substitute for site-specific investigations by qualified prac-
titioners. Site-specific data may give results that differ from 
those shown on this map. Several other limitations are 
listed on Plate 2. 

Table 3. Final hazard zone matrix for shallow landslides.
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Shallow-Landslide Deposits and Head 
Scarps Inventory Map: This map is an 
inventory of existing shallow-landslides in this 
quadrangle. This inventory map was prepared 
by compiling all previously mapped landslides 
from published and unpublished geologic and 
landslide mapping, lidar-based geomorphic 
analysis, and review of aerial photographs.  
Each shallow-landslide was also attributed with 
classifications for activity, depth of failure, 
movement type, and confidence of 
interpretation. The Protocol for Inventory 
Mapping of Landslide Deposits from Lidar 
Imagery (Burns and Madin, 2009) was 
developed with input from many sources, along 
with years of experience. This map uses color to 
show different landslide features across the map 
as explained below. 

Buffer for Head Scarps: This buffer was 
applied to all head scarps from the landslide 
inventory.  The buffer consists of a 2:1 
horizontal to vertical distance (2H:1V).  This 
buffer is different for each head scarp and is 
dependent on head scarp height.  For example, a 
head scarp height of 2 m (6 ft) has a 2H:1V 
buffer equal to 4 m (12 ft)(Highland, 2004). 

Buffer for Factor of Safety Less Than 1.5: 
This buffer was applied to all areas with a 
calculated FOS less than 1.5.  The buffer 
consists of a 2:1 horizontal to vertical distance 
(2H:1V).  The maximum depth for shallow-
seated landslides is 4.5 m (15 ft), the 2H:1V 
buffer equals 9 m (30 ft). 

 
Burns, W. J., and Madin, I. P., 2009, Protocol for inventory mapping of landslide deposits from light detection and ranging (lidar) 

imagery: Oregon Department of Geology and Mineral Industries Special Paper 42, 30 p., geodatabase template. 
 
Burns, W.J., Madin, I.P., and Mickelson, K.A., 2012, Protocol for shallow-landslide susceptibility mapping: Oregon Department of 

Geology and Mineral Industries Special Paper 45, 32 p. 
 
Cornforth, D. H., 2005, Landslides in practice: Investigation, analysis, and remedial/preventative options in soils: Hoboken, N.J., John 

Wiley and Sons, Inc., 596 p. 
 
Turner, A.K., and Schuster, R.L., eds., 1996, Landslides: Investigation and mitigation: Transportation Research Board, National 

Research Council Special Report 247, 673 p. 
 
 

IMPORTANT NOTICE: 
 
This map depicts existing landslide susceptibility zones on the basis 
of limited data.  The susceptibility zones were created following the 
methods in the accompanying report (Burns and others, 2012). This 
map cannot serve as a substitute for site-specific investigations by 
qualified practitioners. Site-specific data may give results that 
differ from those shown on this map. 

For copies of this publication contact:
Nature of the Northwest Information Center

800 NE Oregon Street, #28, Ste. 965
Portland, Oregon 97232

telephone (971) 673-2331 
http://www.NatureNW.org
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Landslide Susceptibility Zones: This map uses color to show the relative degree of hazard. Each zone is a combination of several 
factors.  

 

HIGH: High susceptibility to shallow landslides.   

 

MODERATE: Moderate susceptibility to shallow landslides.   

 

LOW: Low susceptibility to shallow landslides.   

This map is a shallow-landslide susceptibility map of a portion of this quadrangle. The shallow-landslide susceptibility map identifies 
landslide prone areas within the region. This susceptibility map is not regulatory, and revisions can happen when new information 
regarding factors that affect landslide susceptibility is found or future (new) landslides occur. Therefore, it is possible those areas 
susceptible to shallow-landslides within the map were not identified or that the condition that lead to such susceptibility developed 
after the map was prepared. 

On the basis of several factors and past studies (described in detail in Burns and Madin, 2009), a value (or depth) of 4.5 m (15 ft) is used 
to divide shallow from deep-landslides. This susceptibility map was prepared by combination of three factors: 1) calculated factor of 
safety (FOS), 2) landslide inventory data, and 3) buffers of the previous two factors. The factor of safety was calculated using 
conservative values such as a water table at the ground surface.  The landslide inventory data were taken from the complimentary 
inventory map. The combinations of these factors comprise the relative susceptibility hazard zones: High, Moderate, and Low. The 
landslide data are displayed on top of a base map that consists of an aerial photograph (orthorectified) overlain on the lidar-derived 
digital elevation model. For additional detail on how this map was developed see Burns and others (2012). 

This susceptibility map is intended to provide users with relative hazard information regarding shallow-seated landslide susceptibility 
within the quadrangle. The map is not intended to replace site-specific engineering geologic and geotechnical investigations. It is 
intended that this map will provide useful information to guide regional and site-specific investigations for future developments, assist 
in regional planning, and to reduce risk in areas where moderate and high hazards intersect vulnerable population. 

Each landslide susceptibility hazard zone shown on this map has been developed according to a number of specific factors. The 
classification scheme was developed by the Oregon Department of Geology and Mineral Industries (Burns and others, 2012). The 
symbology used to display these hazard zones is explained below. 

Factor of Safety (FOS) Map: The mechanics 
of slope stability can be divided into two forces: 
driving forces and resisting forces.  These forces 
are a function of the material properties and the 
geometry of the slope. These two forces oppose 
each other, and slope stability can be thought of 
as their ratio. 

 

 

A FOS > 1 would theoretically be a stable slope 
because the shear strength would be greater 
than the shear stress.  A FOS < 1 would 
theoretically be an unstable slope because the 
actual shear stress would be greater than the 
shear strength.  A critically stable slope would 
have a FOS = 1.  Because of the inability to 
know all the conditions present within a slope, 
most geotechnical engineers and engineering 
geologist recommend that slopes with a factor of 
safety less than 1.5 be considered potentially 
unstable (Turner and Schuster, 1996; Cornforth, 
2005). 

The factor of safety was calculated using the 
infinite slope equation with conservative 
parameters. Saturation condition were used so 
that a “worst case” scenario could be evaluated. 
Because of limitations related to a grid type 
analysis, isolated areas with small (less than 4 
feet high) elevation change were removed using 
a standardized process (Burns and others, 
2011). 

This map uses color to show the change in the 
factor of safety across the map as explained 
below. 

The shallow-landslide susceptibility protocol was developed with input from many sources, along with years of experience. Several 
limitations are worth noting and underscore that this hazard map is useful for regional applications but should not be used as an 
alternative to site-specific studies in critical areas.  

1) Every effort has been made to ensure the accuracy of the GIS and tabular database, but it is not feasible to completely 
verify all of the original input data. 

2) The shallow-landslide susceptibility maps are based on three primary sources: a) landslide inventory, b) calculated factor 
of safety, c) buffers. Factors that can affect the level of detail and accuracy of the final susceptibility map include: 

a. Limitations of the landslide inventory, which are discussed in the Special Paper 42 (Burns and Madin, 2009). 

b. The infinite slope factor of safety calculations are done on one individual grid cell at a time without regard for the 
adjacent grids. The results sometimes underestimate or overestimate the level of stability for a certain area.  We 
developed buffers for areas with low factors of safety to try to counter the tendency to underestimate susceptibility.   
We developed the focal relief method to try to reduce the problem of overestimation of susceptibility due to steep 
slopes with low relief.  However, the overestimation and underestimation of susceptible areas is still likely in some 
isolated areas.   

c. The factor of safety calculations are strongly influenced by the accuracy and resolution of the input  data for 
material properties, depth to failure surface, depth to groundwater, and slope angle.  The first three of these inputs 
are usually estimates (material properties) or conservative limiting cases (depth to failure surface and 
groundwater), and local conditions may vary substantially from the values used to make these maps. 

3) The susceptibility maps are based on the topographic and landslide inventory data available as of the date of publication.  
Future changes in topography or the occurrence of new landslides may render this map locally inaccurate. 

4) The lidar-based digital elevation model does not distinguish elevation changes that may be due to the construction of 
structures like retaining walls. Because it would require extensive GIS and field work to locate all of these existing 
structures and remove them or adjust the material properties in the model, they have been included as a conservative 
approach and therefore must be examined on a site-specific basis. 

5) Some landslides in the inventory may have been mitigated, reducing their level of susceptibility.  Because it is not 
feasible to collect detailed site-specific information on every landslide, potential mitigation has been ignored. 

Because of these limitations this map is intended for regional purposes only and cannot replace site-specific investigations.  However, 
the map can serve as a useful tool for estimating the regional landslide hazard and as a starting place for future detailed site-specific 
maps. Please contact DOGAMI if errors and/or omissions are found so that they can be corrected in future versions of this map. 

Figure 11. Shallow-landslide susceptibility map (reduced copy of Plate 2 of this report)  
of the City of Silverton.
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4.3 Deep-Landslide Susceptibility

Using the lidar-based landslide inventory and several other 
data sets, we created a deep-landslide (depth greater than 
15 ft [4.5 m]) susceptibility map using four main compo-
nents (Burns, 2008): 

•	 deep-landslide inventory
•	 buffers
•	 geologic units and slope angles
•	 combination of the previous three factors into final 

susceptibility hazard zones

All deep slides, flows, and spreads were queried out of the 
lidar-based landslide inventory database and were saved to 
a separate GIS file.

Many deep landslides move repeatedly over hundreds or 
thousands of years; commonly, the continued movement 
is through retrogressive failure or progressive upslope fail-
ure of the head scarp. To account for this potential upslope 
hazard, we applied a buffer to all mapped deep-landslide 
deposits as shown in Figure 12.

Because there are many unknowns involved with region-
al susceptibility models, we also applied a 2H:1V buffer on 
all landslide head scarps as shown in Figure 13. 

 

Figure 12. Head scarp retrogression buffer.

 

Figure 13. Head scarp buffer.
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These two buffers were applied to all head scarps from 
the deep landslide inventory. In all cases the greater of the 
two buffers was used.

The last component in the deep susceptibility model is a 
combination of four factors:

•	 susceptible geologic units or geologic units that con-
tain identified deep landslides from the inventory 

•	 slope angles greater than 10 degrees
•	 relative proximity to identified deep landslides from 

the inventory
•	 educated judgment of the mapper

First, we set up a generalized geologic map overlain with 
slopes greater than 10 degrees (Figure 14). These two data 
sets, along with the other two factors (proximity and judg-
ment), were used to create the boundary between the mod-
erate and low deep-landslide susceptibility zones. A slope 
angle of 10 degrees was selected on the basis of past map-
ping of deep landslides using lidar. This map uses color to 
show different geologic units and slopes across the map.

To create the final deep landslide hazard zones, we com-
bined several of the contributing factors (Table 4).

 

Figure 14. Generalized geologic map of the City of Silverton, overlain with slopes greater than  
10 degrees and identified deep landslides.
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The base deep-landslide susceptibility data (LSdeep-sus-
cept.shp; these GIS files are provided as part of this report) 
are presented on a 1:8,000-scale map (Plate 3; see reduced 
copy in Figure 15). This map cannot serve as a substitute for 

site-specific investigations by qualified practitioners. Site-
specific data may give results that differ from those shown 
on this map. Several other limitations are listed on Plate 3.

Table 4. Final hazard zone matrix for deep landslides. 
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Shallow-Landslide Deposits and Head 
Scarps Inventory Map: This map is an 
inventory of existing shallow-landslides in this 
quadrangle. This inventory map was prepared 
by compiling all previously mapped landslides 
from published and unpublished geologic and 
landslide mapping, lidar-based geomorphic 
analysis, and review of aerial photographs.  
Each shallow-landslide was also attributed with 
classifications for activity, depth of failure, 
movement type, and confidence of 
interpretation. The Protocol for Inventory 
Mapping of Landslide Deposits from Lidar 
Imagery (Burns and Madin, 2009) was 
developed with input from many sources, along 
with years of experience. This map uses color to 
show different landslide features across the map 
as explained below. 

Buffer for Head Scarps: This buffer was 
applied to all head scarps from the landslide 
inventory.  The buffer consists of a 2:1 
horizontal to vertical distance (2H:1V).  This 
buffer is different for each head scarp and is 
dependent on head scarp height.  For example, a 
head scarp height of 2 m (6 ft) has a 2H:1V 
buffer equal to 4 m (12 ft)(Highland, 2004). 

Buffer for Factor of Safety Less Than 1.5: 
This buffer was applied to all areas with a 
calculated FOS less than 1.5.  The buffer 
consists of a 2:1 horizontal to vertical distance 
(2H:1V).  The maximum depth for shallow-
seated landslides is 4.5 m (15 ft), the 2H:1V 
buffer equals 9 m (30 ft). 

 
Burns, W. J., and Madin, I. P., 2009, Protocol for inventory mapping of landslide deposits from light detection and ranging (lidar) 

imagery: Oregon Department of Geology and Mineral Industries Special Paper 42, 30 p., geodatabase template. 
 
Burns, W.J., Madin, I.P., and Mickelson, K.A., 2012, Protocol for shallow-landslide susceptibility mapping: Oregon Department of 

Geology and Mineral Industries Special Paper 45, 32 p. 
 
Cornforth, D. H., 2005, Landslides in practice: Investigation, analysis, and remedial/preventative options in soils: Hoboken, N.J., John 

Wiley and Sons, Inc., 596 p. 
 
Turner, A.K., and Schuster, R.L., eds., 1996, Landslides: Investigation and mitigation: Transportation Research Board, National 

Research Council Special Report 247, 673 p. 
 
 

IMPORTANT NOTICE: 
 
This map depicts existing landslide susceptibility zones on the basis 
of limited data.  The susceptibility zones were created following the 
methods in the accompanying report (Burns and others, 2012). This 
map cannot serve as a substitute for site-specific investigations by 
qualified practitioners. Site-specific data may give results that 
differ from those shown on this map. 

For copies of this publication contact:
Nature of the Northwest Information Center

800 NE Oregon Street, #28, Ste. 965
Portland, Oregon 97232

telephone (971) 673-2331 
http://www.NatureNW.org
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Landslide Susceptibility Zones: This map uses color to show the relative degree of hazard. Each zone is a combination of several 
factors.  

 

HIGH: High susceptibility to shallow landslides.   

 

MODERATE: Moderate susceptibility to shallow landslides.   

 

LOW: Low susceptibility to shallow landslides.   

This map is a shallow-landslide susceptibility map of a portion of this quadrangle. The shallow-landslide susceptibility map identifies 
landslide prone areas within the region. This susceptibility map is not regulatory, and revisions can happen when new information 
regarding factors that affect landslide susceptibility is found or future (new) landslides occur. Therefore, it is possible those areas 
susceptible to shallow-landslides within the map were not identified or that the condition that lead to such susceptibility developed 
after the map was prepared. 

On the basis of several factors and past studies (described in detail in Burns and Madin, 2009), a value (or depth) of 4.5 m (15 ft) is used 
to divide shallow from deep-landslides. This susceptibility map was prepared by combination of three factors: 1) calculated factor of 
safety (FOS), 2) landslide inventory data, and 3) buffers of the previous two factors. The factor of safety was calculated using 
conservative values such as a water table at the ground surface.  The landslide inventory data were taken from the complimentary 
inventory map. The combinations of these factors comprise the relative susceptibility hazard zones: High, Moderate, and Low. The 
landslide data are displayed on top of a base map that consists of an aerial photograph (orthorectified) overlain on the lidar-derived 
digital elevation model. For additional detail on how this map was developed see Burns and others (2012). 

This susceptibility map is intended to provide users with relative hazard information regarding shallow-seated landslide susceptibility 
within the quadrangle. The map is not intended to replace site-specific engineering geologic and geotechnical investigations. It is 
intended that this map will provide useful information to guide regional and site-specific investigations for future developments, assist 
in regional planning, and to reduce risk in areas where moderate and high hazards intersect vulnerable population. 

Each landslide susceptibility hazard zone shown on this map has been developed according to a number of specific factors. The 
classification scheme was developed by the Oregon Department of Geology and Mineral Industries (Burns and others, 2012). The 
symbology used to display these hazard zones is explained below. 

Factor of Safety (FOS) Map: The mechanics 
of slope stability can be divided into two forces: 
driving forces and resisting forces.  These forces 
are a function of the material properties and the 
geometry of the slope. These two forces oppose 
each other, and slope stability can be thought of 
as their ratio. 

 

 

A FOS > 1 would theoretically be a stable slope 
because the shear strength would be greater 
than the shear stress.  A FOS < 1 would 
theoretically be an unstable slope because the 
actual shear stress would be greater than the 
shear strength.  A critically stable slope would 
have a FOS = 1.  Because of the inability to 
know all the conditions present within a slope, 
most geotechnical engineers and engineering 
geologist recommend that slopes with a factor of 
safety less than 1.5 be considered potentially 
unstable (Turner and Schuster, 1996; Cornforth, 
2005). 

The factor of safety was calculated using the 
infinite slope equation with conservative 
parameters. Saturation condition were used so 
that a “worst case” scenario could be evaluated. 
Because of limitations related to a grid type 
analysis, isolated areas with small (less than 4 
feet high) elevation change were removed using 
a standardized process (Burns and others, 
2011). 

This map uses color to show the change in the 
factor of safety across the map as explained 
below. 

The shallow-landslide susceptibility protocol was developed with input from many sources, along with years of experience. Several 
limitations are worth noting and underscore that this hazard map is useful for regional applications but should not be used as an 
alternative to site-specific studies in critical areas.  

1) Every effort has been made to ensure the accuracy of the GIS and tabular database, but it is not feasible to completely 
verify all of the original input data. 

2) The shallow-landslide susceptibility maps are based on three primary sources: a) landslide inventory, b) calculated factor 
of safety, c) buffers. Factors that can affect the level of detail and accuracy of the final susceptibility map include: 

a. Limitations of the landslide inventory, which are discussed in the Special Paper 42 (Burns and Madin, 2009). 

b. The infinite slope factor of safety calculations are done on one individual grid cell at a time without regard for the 
adjacent grids. The results sometimes underestimate or overestimate the level of stability for a certain area.  We 
developed buffers for areas with low factors of safety to try to counter the tendency to underestimate susceptibility.   
We developed the focal relief method to try to reduce the problem of overestimation of susceptibility due to steep 
slopes with low relief.  However, the overestimation and underestimation of susceptible areas is still likely in some 
isolated areas.   

c. The factor of safety calculations are strongly influenced by the accuracy and resolution of the input  data for 
material properties, depth to failure surface, depth to groundwater, and slope angle.  The first three of these inputs 
are usually estimates (material properties) or conservative limiting cases (depth to failure surface and 
groundwater), and local conditions may vary substantially from the values used to make these maps. 

3) The susceptibility maps are based on the topographic and landslide inventory data available as of the date of publication.  
Future changes in topography or the occurrence of new landslides may render this map locally inaccurate. 

4) The lidar-based digital elevation model does not distinguish elevation changes that may be due to the construction of 
structures like retaining walls. Because it would require extensive GIS and field work to locate all of these existing 
structures and remove them or adjust the material properties in the model, they have been included as a conservative 
approach and therefore must be examined on a site-specific basis. 

5) Some landslides in the inventory may have been mitigated, reducing their level of susceptibility.  Because it is not 
feasible to collect detailed site-specific information on every landslide, potential mitigation has been ignored. 

Because of these limitations this map is intended for regional purposes only and cannot replace site-specific investigations.  However, 
the map can serve as a useful tool for estimating the regional landslide hazard and as a starting place for future detailed site-specific 
maps. Please contact DOGAMI if errors and/or omissions are found so that they can be corrected in future versions of this map. 

Figure 15. Deep-landslide susceptibility map (reduced copy of Plate 3 of this report)  
of the City of Silverton.

LSdeep-suscept.shp
LSdeep-suscept.shp
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5.0 RESULTS AND DISCUSSION

We used a lidar-based landslide inventory mapping proto-
col (Burns and Madin, 2009) to create a landslide inven-
tory of the City of Silverton, Oregon; 110 landslide deposits 
were located during this project. Of these, 25 are within or 
directly adjacent to the city. Of these 25, nine were classi-
fied as shallow, seven as deep, and two as debris flow depos-
its. The other seven (of the 25) are areas of rock fall and/or 
debris slide deposits. 

The average prefailure slope angle is 28 degrees. A sum-
mary of landslide statistics is provided in Table 5. The aver-
age shallow-landslide area is roughly 12,000 ft2 (1,100 m2), 
which is approximately the size of one quarter of a football 
field. The average deep landslide area is roughly 740,000 ft2  
(68,700 m2), or approximately the area of 13 football fields. 
The average depth of failure for the shallow landslides is 
7.9 ft (2.4 m), and the average depth of failure for the deep 
landslides is 41 ft (12.5 m).

Roughly 3% of the City of Silverton is mapped as land-
slide deposit in the landslide inventory. The most extensive 
area (in square feet) mapped within or directly adjacent to 
the city is of the type rock fall and/or debris slide deposit 
(map symbol RF+DS-T). These deposits are mostly located 
along the bases of the steep slopes, as shown in Figure 16 
and Figure 17, and are likely the result of past shallow debris 
slides and rock falls initiating along the steep to near-verti-
cal slopes above. Because these deposits are located along 
the edges of the flat valley floor, many of them already 
have dense human development. These mapped deposits 
represent the extent of historic and/or prehistoric events 
and are not areas identified as having relative susceptibil-
ity of future events as in Plate 1 and Plate 2. However, as 
with most hazards, the past events are a good indication 
of potential future hazard areas. Therefore risk exposure is 
considered to be high in these mapped areas.

Table 5. Statistics for landslide areas.

Area, ft2 Area, football field

Deep Landslides

  Minimum 2,590 0.05

  Maximum 7,686,220 132

  Sum 15,559,026 268

  Average 740,906 13

Shallow Landslides

  Minimum 340 0.006

  Maximum 142,750 2.5

  Sum 732,510 13

  Average 12,208 0.2
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.

Figure 16. Close-up view of the 
landslide inventory map in the 

southern portion of downtown 
Silverton, Oregon. Rock fall and/
or debris slide deposits (RF+DS-
T) mantle the base of the steep 

slope on both sides of Silver 
Creek (in yellow) See Plate 1 for 

map symbology..

Figure 17. Photograph of the toe of a mapped rock fall 
and/or debris slide deposit (RF+DS-T). The average slope 
angle of these deposits is 10 degrees.
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Although Silver Creek Reservoir is located outside city 
limits, the landslide hazard found in this study combined 
with the exposure of the reservoir may pose one of the 
greater risks to the City of Silverton (Figure 18). We mapped 

both deep and shallow landslides and debris flow deposits 
along much of the reservoir shore (Figure 18). 

The U.S. Army Corps of Engineers maintains a database 
(National Inventory of Dams; NID) of all dams in the United 

 

Figure 18. Landslide inventory map of the Silver Creek Reservoir area. The reservoir is located directly up 
stream of the City of Silverton. See Plate 1 for map symbology.
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States that have a high or significant hazard potential or low 
hazard with certain other criteria such as dam height or 
storage volume (Goettel and others, 2004). The NID hazard 
classification is related only to impact if a dam fails, not 
dam safety level or likelihood of failure. In other words, a 
“high hazard dam” simply means that people downstream 
from the dam in the inundation area are at risk. The Silver 
Creek Reservoir dam is listed as “high” hazard in the NID. 
The U.S. Army Corps of Engineers tracks hundreds of dams 
in Oregon because the dams meet certain criteria including 
significant hazard potential and height. Hundreds of these 
dams have a high or significant hazard. Again, this hazard 
is related only to the impact if a dam fails, not to dam safety 
level or likelihood to fail.

Since 1874, there have been six large-impact dam failures 
in the United States, and each caused more than 100 deaths. 
The worst dam failure, in terms of casualties, was the 1889 
Johnstown, Pennsylvania, dam failure, which killed over 
2,200 people (Frank, 1988).

Two geologic hazards are mainly associated with poten-
tial dam failure: landslides and earthquakes. If a landslide 
moves debris into a reservoir, a local tsunami wave could 
be generated and could cause the dam to fail or overtop the 
dam. After dam failure and the related fast drawdown of 
water in the reservoir, it is very common to have landsliding 
into the now empty reservoir. Landslides can also directly 
impact the dam. The Seminary Hill Reservoir dam, locat-
ed within the City of Centralia, Washington, failed Octo-
ber 5, 1991; the failure was caused by a massive landslide 
in the siltstone rock formation that underlies the reservoir 
(Washington State Department of Ecology, Water Resourc-
es, 1991).

A major earthquake, either a Cascadia Subduction 
Zone earthquake or a smaller, crustal or intraplate earth-
quake, could also cause sufficient damage to the dam or 
cause landslide movement that could cause damage to the 
dam and pose a risk of failure. Most dams in Oregon were 

designed and built in the 1940s to 1960s, when seismic 
design considerations were significantly lower than they are 
now (Goettel and others, 2004). The Silver Creek Reservoir 
was completed in 1975 ,which is just after the first state-
wide building code was adopted in 1974, but long before 
the seismic code was updated in the 1980s and 1990s to 
reflect Cascadia Subduction Zone hazard.

We used the Protocol for Shallow-Landslide susceptibility 
Mapping (Burns and others, 2012) to create a shallow-land-
slide susceptibility map of the City of Silverton. Approxi-
mately 5% of the City of Silverton is classified as highly 
susceptible to shallow landslides, 19% as moderately sus-
ceptible to shallow landslides, and 76% as less susceptible 
to shallow landslides (Figure 11).

We used a deep-landslide susceptibility mapping proto-
col (Burns, 2008) to create a deep-landslide susceptibility 
map of the City of Silverton. Approximately 0.2% of the 
City of Silverton is classified as highly susceptible, 1% as 
moderately susceptible, and 99% as less susceptible to deep 
landslides (Figure 15).

As discussed in Section 4, we developed landslide inven-
tory and shallow-landslide susceptibility maps with the best 
available data and documented methods; however, several 
limitations underscore that these maps are designed for 
regional applications and should not be used as an alterna-
tive to site-specific studies in critical areas. These limita-
tions are described in detail on Plates 1–3.

The City of Silverton has a relatively low to moderate 
landslide hazard, when compared to other communities 
in Oregon. About one twentieth of the city is underlain by 
historic and prehistoric landslides. However, some mapped 
landslide deposits (in particular, rock fall and/or debris 
slide deposits) are overlain by development. This relation-
ship indicates a significant landslide risk exists in the City of 
Silverton, and thus there exists a strong need for landslide 
risk management. Landslides adjacent to Silver Creek Res-
ervoir also indicate a significant landslide risk.
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6.0 RECOMMENDATIONS

The maps and GIS databases created as part of this study are 
intended to provide users with basic information regarding 
landslides and landslide susceptibility within and near the 
City of Silverton, Oregon. The maps and GIS databases con-
tain useful information to guide site-specific investigations 
for future development, to assist in regional planning and 
development, to mitigate existing landslides and slopes, and 
to prepare for emergency situations, such as storm events 
and earthquakes. We reiterate that this information is not 
appropriate for site-specific evaluations, but it is valuable 
for regional screening for landslides and selection of appro-
priate areas on which to focus site-specific studies. 

The maps and GIS databases are particularly suitable for 
the activities listed below:

•	 Public awareness campaigns
•	 City development regulation-ordinance
•	 Issuance of building permits or proposed grading 

permit conditions
•	 Public works planning and operations
•	 Environmental and sustainability issues
•	 Regional risk-reduction planning and activities
•	 Neighborhood-scale risk-reduction activities
•	 Avoidance of very high hazard areas
•	 Emergency management 
•	 Buyouts in very high or life threatening hazard areas
A particularly valuable use of these maps and this report 

is as an aid in emergency management activities such as the 
development and refinement of emergency response plans, 
public outreach activities, selection of appropriate safe-hav-
en sites, hazard response drills, and estimation of resource 
impacts for various hazard scenarios (Spangle Associates, 
1998). A good example of a potential project would be to 
evaluate the landslide risk associated with Silver Creek Res-
ervoir and to develop a pre-disaster mitigation plan, includ-
ing evacuation routes, response drills, landslide monitor-
ing, and/or possible mitigation of the hazard and/or dam. 

Another common application of the study in the realm 
of land use planning, zoning, and regulations is as input to 
comprehensive planning and the development or upgrade 
of an existing landslide hazard regulation and/or ordi-
nances. A good example of the use of DOGAMI landslide 

hazard maps and regulation can be seen in the City of Salem 
(2012) building code landslide hazards section. Infrastruc-
ture is a general term used to refer to critical transportation 
and utility infrastructure, including roads and highways, 
railroads, airports, bridges, overpasses and underpasses, 
natural gas pipelines, electric lines, and water distribution 
systems. Many infrastructure systems are characterized by 
components that are dispersed over broad geographic areas 
that often require regional (as opposed to site-specific) risk 
assessments. The hazard maps presented in this report can 
be useful for estimating potential future damage and pre-
disaster mitigation to infrastructure.

While it is usually more cost effective to take steps 
toward mitigation before development occurs, the real-
ity is that many buildings and infrastructure components 
were built prior to understanding the hazard. For proposed 
development, land use planning, zoning, and regulations 
are the best risk reduction. For areas already developed, 
a collaborative effort including individual land owners, 
utility owners, and city, county, state, and federal govern-
ment maybe required. An example of a collaborative land-
slide risk reduction program is the Seattle Public Utilities 
Landslide Awareness and Mitigation Program, started 
after the winter of devastating landslides of 1996-1997. As 
part of this program, the Seattle Landslide Study (Shannon 
and Wilson, Inc., 2000) was created. This report includes 
detailed recommendations for landslide risk reduction, 
including controlling surface water, groundwater, retaining 
structures, soil reinforcement, grading, catchment-diver-
sion structures, and vegetation.

One important landslide risk reduction activity discussed 
in the Seattle Landslide Study and noted in other landslide 
studies (for example, Portland, Oregon [Burns and others 
1998]) is the control of surface storm water. Storm water 
runoff improvements are generally the least costly mitiga-
tion. An increase in storm water management will result in 
a decrease in landslide risk. 

Critical facilities, including hospital, fire and police sta-
tions, emergency centers, and school buildings are particu-
larly important to the community and should be designed 
or mitigated to withstand landslide hazards.
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