
Oregon Department of Geology and Mineral Industries Open-File Report O-13-08	 11

Landslide Hazard and Risk Study of Northwestern Clackamas County, Oregon

make the map, we merged and simplified the previously 
mapped geologic units into 12 surficial geology/material 
properties units, except for landslide deposits taken di-
rectly from the landslide inventory. 

5.2.3  Deep-landslide susceptibility

Deep landslides tend to be larger than shallow landslides 
and tend to move relatively slowly (sometimes less than an 
inch per year) but can lurch forward if shaken by an earth-
quake or if disturbed by removing material from the toe, 
by adding material to the head scarp, or by the addition 
of water into the slide mass. Reactivation often is focused 
upslope near the landslide head scarp and at the landslide 
toe (Turner and Schuster, 1996). To determine deep-land-
slide susceptibility in the study area, we followed and built 
on the method described by Burns (2008). 

The method we used to identify areas susceptible to 
deep landslides combines several factors, many of which 
are derived from the deep landslides extracted from the 

SP-42 inventory (Burns and Madin, 2009). We assign each 
factor a relative score and then combine them into a final 
data set, which we use to assign areas to low, moderate, 
or high susceptibility zones. The contributing factors are:

•	 High susceptibility zone
�� landslide deposits
�� head scarp–flank polygons
�� head scarp–flank polygons buffers

•	 Moderate susceptibility zone 
�� susceptible geologic units
�� susceptible geologic contacts
�� susceptible slope angles for each engineering 

geology unit polygon
�� susceptible direction of movement for each engi-

neering geology unit polygon
�� minimal landslide deposits and head scarp–flank 

polygon buffers
•	 Low susceptibility zone

�� areas not identified in the high or moderate
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Figure 8.  New digital surficial geology/material properties map for the study area.
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We created a standardized, blank Esri ArcGIS version 
10.1 geodatabase called Deep_Landslide_Susceptibility_
Clackamas_10_1.gdb to store working and final data. The 
geodatabase had the following working feature data sets, 
which can be thought of as subdatabases of the geodata-
base:

•	 A_Landslide_Inventory
•	 B_Head_Scarp_Flank
•	 C_Geologic_Units
•	 D_Geologic_Contacts
•	 E_Slopes
•	 F_Direction
To explain the components of the method, we will use 

throughout this text images of the northwestern quarter of 
the U.S. Geological Survey Oregon City 7.5-minute quad-
rangle (Figure 9; Plate 52) The GIS method details are in-
cluded in Appendix E. 

5.2.3.1  High-susceptibility zone

In order to create the high-susceptibility zones, we needed 
a complete landslide inventory. We created this inventory 
by using the DOGAMI protocol (Burns and Madin, 2009). 
An example DOGAMI landslide inventory map made us-
ing this protocol is shown in Figure 9 (left).

We first queried all of the deep landslide deposit poly-
gons from the inventory database and saved the data into 
the A_Landslide_Inventory feature data set in the Deep 
Landslide Susceptibility.gdb. We then converted this data 
set to a raster data set named High_Deposits and saved it 
in the same geodatabase. A portion of the raster data set is 
shown in Figure 9 (right). 

  

Figure 9.  (left) Example of a lidar-based landslide inventory map (Burns and Mickelson, 2010).  
Dashed line indicates extent shown in figure on the right. (right) Example of deep landslide deposits 

converted to high-susceptibility zone (red areas on map) (Burns and Mickelson, 2010).
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5.2.3.2  Head scarp–flank polygons and buffers

We queried out all deep head scarp–flank polygons from 
the inventory database and saved the data into the B_
Head_Scarp_Flank feature data set in the Deep Landslide 
Susceptibility.gdb. We then considered these head scarp–
flank polygons to be areas of high susceptibility and in-
cluded them as part of the head scarp–flank polygon buf-
fers, discussed next. Because the head scarp–flank areas 
are included in the buffer file, we did not process them 
individually.

There are many unknowns due to the lack of spatial 
geological data and spatial data with depth values involved 
in regional deep landslide susceptibility mapping, so to ac-
count for some of these unknowns we applied two buffers 
to the high-susceptibility zone: 1) 2H:1V buffer on all head 
scarp–flanks and 2) head scarp–flank retrogression buffer.

We applied these buffers to all deep head scarp–flank 
polygons from the landslide inventory. In most cases the 
head scarp–flank polygon buffer results in a minimal buf-
fer distance, and the head scarp retrogression buffer re-
sults in the maximal buffer distance. In all cases we used 
the greater of the two distances as the buffer value.

5.2.3.2.1  Head scarp–flank polygon 2H:1V buffer
Most landslides tend to leave a near-vertical head scarp 

above the failed mass (Turner and Schuster, 1996). Com-
monly, this head scarp area fails retrogressively or a sepa-
rate landslide forms above the head scarp, because of the 
loss of resisting forces. Generally, the area above the head 
scarp has a relatively low slope angle, possibly indicating a 
low susceptibility to future failure. In many cases, howev-
er, the opposite is true; that is, the flat area directly above 
the head scarp (crown) is highly susceptible to failure. In 
order to account for the increase in susceptibility of this 
area above the head scarp, which may be missed by using 
the slope alone or in case a particular deep landslide has 
no internal down-dropped blocks, we apply a 2H:1V head 
scarp buffer (Figure 10). This buffer is different for each 
head scarp and is dependent on head scarp height. For ex-
ample, a head scarp height of 16.5 ft has a 2H:1V buffer 
equal to 33 ft.

The 2 horizontal to 1 vertical ratio (2H:1V) is com-
monly used in geotechnical engineering because the slope 
angle of a 2H:1V slope is equal to 26° (Figure 11) (Burns 
and others, 2013). This is important because most natural, 
intact (non-landslide) geologic units have an angle of in-
ternal friction or equivalent shear strength of at least 26°. 

Figure 10.  Diagram of the 2 horizontal to 1 vertical 
(2H:1V) head scarp buffer (orange on block diagram).

Figure 11.  Diagram of the 2 horizontal to 1 vertical (2H:1V) ratio.
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5.2.3.2.2  Head scarp–flank polygon retrogression buffer
Many deep landslides move repeatedly over hundreds or 

thousands of years, and many times the continued move-
ment is through retrogressive failure (continued upslope 
failure) of the head scarp into the crown. In order to ac-
count for this potential upslope hazard, we applied a buffer 
to all the head scarp–flank polygons as shown in Figure 12. 
In order to calculate the head scarp retrogression buffer, 
we measure the horizontal distance of each of the internal 
down-dropped blocks (assumed to be previous retrogres-
sion failures) and use the average. The second buffer is also 
different for each head scarp and is dependent on the aver-
age of the horizontal distance between internal scarps. 

After we created both buffers, we combined them and 
then converted them to a raster data set named High2 (see 
Appendix E) saved in the Deep Landslide Susceptibility.
gdb. The finished data set is shown in Figure 13. 

5.2.3.3  Moderate susceptibility zone 

We created the moderate susceptibility zone by combining 
four maps made from four susceptibility factors described 
below and a minimal buffer around landslide deposits and 
head scarp–flank polygons. We used the four susceptibil-
ity factors and buffer to determine the boundary between 
the moderate and low susceptibility zones. (The high-sus-
ceptibility zone was defined in section 5.2.3.1.) The four 
factors are:

•	 susceptible geologic units
•	 susceptible geologic contacts
•	 susceptible slope angles for each engineering geol-

ogy unit polygon
•	 susceptible direction of movement for each engi-

neering geology unit polygonFigure 12.  Head scarp retrogression buffer.

Figure 13.  Example of the buffered deep-landslide head scarp–
flank polygons converted to high-susceptibility zone (red areas on 

map). Brown areas are the mapped head scarp-flank polygons.
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These factors have been used or recommended by oth-
ers to predict future landslide locations and/or suscepti-
bility (Wilson and Keefer, 1985; Giraud and Shaw, 2007; 
Baum and others, 2008; Soeters and van Westen, 1996; 
Sidle and Ochiai, 2006; Schulz, 2007). We selected each of 
these factors for reasons explained below.

The first factor, geologic unit, has a relatively wide-
spread correlation with surficial processes. For example, it 
is very common that certain geologic formations or units 
are more or less prone to landslides. This is generally due 
to the properties of the unit, such as material strength or 
planes of weakness within the unit.

The second factor, geologic contacts, we found to be 
significant in Oregon, especially after we started map-
ping landslide inventories using lidar. Many landslides oc-
cur along a contact, especially when a sedimentary unit 
is overlain by an igneous unit. For example, large, deep 
landslides are located next to each other along the contact 
between the Troutdale Formation and the Boring Lava (a 
sedimentary unit below an igneous unit) in the study area 
(Figure 14). Although it commonly appears that landslide 
failure occurs at the surface trace (that is, at the contact 
of the two units in plan view), the failure actually occurs 
entirely within the Troutdale Formation rather than along 
the plane between the two units. Very likely, in the dis-
tant past, the overlying Boring Lava covered and protect-
ed the Troutdale Formation. With time, streams eroded 
through the Boring Lava and into the Troutdale, expos-
ing the Troutdale and creating low places in the topogra-
phy (stream canyons) for Troutdale material to slide into. 
As Troutdale material formed landslides, in some places 
overlying Boring Lava material was dragged down slope 
along with the underlying Troutdale. 

The third factor, slope angle, is commonly correlated 
with landslide susceptibility. Most landslide susceptibil-
ity maps use slope as the primary or as at least one of the 
factors to predict future landslide locations. For example, 
shallow landslides are commonly directly associated with 
steeper slopes. Deep landslides appear to have less of a di-
rect correlation with slope steepness, which is one reason 
we included the other three factors (geologic unit, geolog-
ic contact, and direction of movement). 

The fourth factor, direction of movement, is probably 
the least commonly used, likely because it is rarely record-
ed in landslide inventories. We record it at every landslide 
in our landslide inventory and therefore have data. A stan-
dard factor to examine during site-specific evaluations 
is the local bedding dip and dip direction, because deep 

landslides tend to fail along bedding planes or other planes 
of weakness and in the direction of the dip of those planes. 
Because we do not have extensive dip and dip direction 
measurements, we decided to use the recorded direction 
of movement from the landslide inventory database as a 
proxy for dip direction or what we are calling preferred 
landslide direction of movement.

In order to create these four factor data sets, a geologic 
map is needed. We started with the best available geologic 
map, and then combine the units into engineering geo-
logic units or units with similar engineering properties. 
We added a new field and assigned the new engineering 
geologic unit names, for example “Coarse Terrace Depos-
its” and saved result into the C_Geologic_Units feature 
data set in the Deep_Landslide_Susceptibility_Clacka-
mas_10_1.gdb. The Oregon City portion of the final engi-
neering geologic data set is shown in Figure 14.

Figure 14.  Engineering geology map of the 
Oregon City portion of the study area.

NOTE: This PDF is Appendix C-I of DOGAMI Special Paper 46, by William J. Burns and others, 2015.
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5.2.3.3.1  Susceptible geologic units
Next, we joined the landslide inventory to the engineer-

ing geology. We achieved this spatial join by matching the 
landslide location with the closest engineering geology 
unit polygon and matching each landslide one to one with 
a geologic polygon (see Appendix E). Then we calculated 
the number of landslides that joined to each engineering 
geologic unit (Figure 15).

We then used the frequency data to calculate the mean 
and standard deviation for each unit (Figure 16). We as-
signed a score of 0, 1, or 2 to each unit:

•	 score = 0, if less than the mean
•	 score = 1, if less than mean plus 1 standard deviation 

and greater than the mean
•	 score = 2, if equal or greater than mean plus 1 stan-

dard deviation
The Oregon City portion of the final map is displayed 

to Figure 17.
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Figure 15.  Landslides in each geologic unit in the study area.

Raw Statistics Score Derived from Raw Statistics Score Applied to Engineering Geology Unit
Mean 137 Mean + 1 STD 312 equal or greater 2 Frequency Engineering Geology Score
Standard Error 55 145 Boring lava 1
Median 97 Mean + 1 STD 312 or less 1 3 Boring lava tephra 0
Mode N/A Mean 137 equal or greater 1 61 Columbia River Basalt 0
Standard Deviation (STD) 175 10 Loess 0
Sample Variance 30,641 Mean 137 or less 0 11 Missoula Flood (fine) 0
Kurtosis 6 125 Missoula Flood (coarse) 1
Skewness 2 68 Rhododendron (volcanic) 0
Range 595 169 Terrace (coarse) 1
Minimum 3 176 Troutdale (coarse) 1
Maximum 598 598 Troutdale (fine) 2
Sum 1,366

Count 10 Figure 16.  Frequency data summary statistics.

Figure 17.  Map of susceptible geologic units factor 
with scores of zero (no color, gray), one (yellow), and 

two (orange). Red areas are landslide deposits.
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5.2.3.3.2  Susceptible geologic contacts
The first step was to identify geologic contacts in the 

study area that have landslides along them (Figure 14). 
We selected the units on each side of the contact used 
the overlapping area of the two polygons to create a new 
susceptible contact line. We then used this contact line to 
select landslides that touch or are near the contact (Figure 
18). We saved the selected landslides to the D_Geologic_
Contacts feature data set in the Deep_Landslide_Suscep-
tibility_Clackamas_10_1.gdb.

After the landslides are selected and saved to a sepa-
rate file, we executed the minimum bounding geometry 
(MBG) tool in the Esri ArcGIS™ version 10.1 3D Analyst™ 
or Spatial Analyst™ extension on the selected landslide file. 
One of the calculated outputs of this tool is the landslide 
(MBG) rectangle width, which is normally the length of 
the landslide from the head to the toe. The mean and stan-
dard deviation of the MBG width can be easily calculated 
for each set of landslides correlated to a particular contact 
(Figure 19).

Figure 18.  Map of the contact between Boring Lava and 
fine-grained Troutdale Formation (yellow line) showing 

landslide deposits (red) and the landslides that touch and 
are along the contact (red and outlined in black).

Figure 19.  (top) Map of the minimum bounding geometry (MBG) 
rectangles (black outline and red fill) derived from landslide polygons 

(black outline inside rectangles). (bottom) Summary statistics  
of the minimum bounding geometry (MBG) width of landslides with 

along the contact between Boring Lava and Troutdale Formation.

NOTE: This PDF is Appendix C-I of DOGAMI Special Paper 46, by William J. Burns and others, 2015.
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We then used the mean MBG width distance to create a 
buffer around the contact line. We assigned this new buf-
fer polygon a score of 2. We used the mean + 1 standard 
deviation MBG width distance to create a second buffer 
and we assigned this new polygon a score of 1 (Figure 20). 

We repeated this same process or all susceptible con-
tacts and then merged the results into a final susceptible 
contact factor score file.

Figure 20.  Map of the susceptible contact factor with scores of 
zero (no color, gray), one (yellow), and two (orange). The contact 
between the Boring Lava and fine-grained Troutdale Formation 
is the yellow line, and landslide deposits are outlined in black. 

NOTE: This PDF is Appendix C-I of DOGAMI Special Paper 46, by William J. Burns and others, 2015.
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5.2.3.3.3  Susceptible slopes
Slope angles commonly correlate with landslide sus-

ceptibility. In the landslide inventory, the pre-failure slope 
angle is estimated at each landslide. We used these data 
to establish slope angle thresholds that have greater po-
tential for future landslides within each engineering geol-
ogy polygon. We started with the file of joined landslides 
and engineering geology from section 5.2.3.3.1 (Suscep-
tible Geologic Units). Next we ran the summary statistics 
tool in ArcGIS and calculated the mean and standard de-
viation of each susceptible engineering geologic unit. We 
then joined this table back to the engineering geology file 
and  converted the engineering geology table to a raster of 
mean slope (Figure 21) and a raster of mean slope plus two 
standard deviations. 

We used the Esri ArcGIS raster calculator to evaluate 
where on the map the following situations occurred and 
to assign the following scores: 

•	 score = 2, if slope greater than or equal to landslide 
mean slope

•	 score = 1, if slope greater than landslide mean slope 
and slope greater than mean minus 2 standard de-
viations slope

The two rasters were added together so that a final sus-
ceptible slope factor map is created (Figure 22).

Figure 22.  Map of the susceptible slopes factor 
with scores of zero (no color, gray), one (yellow), and 

two (orange). Landslides are shown in red.

Figure 21.  Map of the mean slope angle of each engineering geology 
polygon derived from landslides (red) located within each polygon. 

NOTE: This PDF is Appendix C-I of DOGAMI Special Paper 46, by William J. Burns and others, 2015.
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Figure 23.  (left) Map of the interpolated landslide direction of movement. (right) Map of 
slope aspect derived from the lidar DEM. Landslides are outlined in black.

5.2.3.3.4  Preferred direction of movement
Many deep landslides are partially controlled by sub-

surface geologic structure. However, structure is rarely 
factored into modeling due to the lack of detailed spatial 
understanding of the structure. We recorded the direction 
of movement at every landslide in our landslide inventory 
and recommend using these data as a proxy for the geo-
logic structure or preferred direction of movement.

We first converted each landslide area to a grid of points 
with the direction attribute at each point. Next, we used 
the file described in section 5.2.3.3.2 (Susceptible Geo-
logic Contacts) with the MBG width to establish the mean 
width for all landslides within the study area. Then, we 
interpolated a raster surface from these points using an 
inverse distance weighted (IDW) technique with a maxi-

mum distance set to the MBG width mean. Finally, we cre-
ated a slope aspect file from the lidar DEM (Figure 23). 

We then used the raster calculator to evaluate where on 
the map the following situations occur and assign the fol-
lowing scores (see Appendix E): 

•	 score = 2, if [slope aspect less than or equal to (IDW 
direction of movement plus 22.5)] and [slope aspect 
greater than or equal to (IDW direction of move-
ment minus 22.5)]

•	 score = 1, if [slope aspect less than or equal to (IDW 
direction of movement plus 45)] and  [slope aspect 
greater than or equal to  (IDW direction of move-
ment minus 45)]

Because the slope aspect map is very detailed due to the 
lidar DEM and the map of interpolated landslide direction 
is very simplified (Figure 23), we decided to use a range 

NOTE: This PDF is Appendix C-I of DOGAMI Special Paper 46, by William J. Burns and others, 2015.
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of slope direction. In the case of the higher score (2), any 
slope within ±22.5 degrees (45 degrees total) of the inter-
polated slope is identified. Twice this amount, or ±45 de-
grees (90 degrees total), is used for the medium score (1).  
We then added the two rasters together to create a final 
susceptible preferred direction factor map (Figure 24).

5.2.3.4  Combined moderate factors score

We then combined the four factor maps (geologic units, 
geologic contacts, slope angles, and direction of move-
ment). Each factor map is made up of raster cells and each 
cell has a score of 0, 1, or 2, so the final combined map 
has a range of values from 0 to 8. A score of zero means 
none of the factors were present at a particular site, and a 
score of 8 means the maximum value for all four factors 
was present (Figure 25). 

Figure 24.  Map of the susceptible preferred direction 
factor with scores of zero (no color, gray), one (yellow), 

and two (orange). Landslides are outlined in black.

Figure 25.  Map of the combined moderate factor scores with  
total scores ranging from zero (no color, gray) to eight 
(red). The high-susceptibility zone defined in section 

5.2.3.1 is shown in red outlined in black.
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5.2.3.5  Minimal landslide deposits 
and head scarp–flank buffers

To establish a minimal moderate susceptibility zone 
around the landslide deposits and head scarp–flank poly-
gons, we multiplied the head-scarp height by two, just as 
we did in section 5.2.3.2 (Head scarp–flank polygons and 
buffers). This establishes a minimal distance for each land-
slide on the basis of individual landslide attributes (Figure 
26, left). 

5.2.3.6  Delineation of the moderate susceptibility zone

We used the minimal moderate susceptibility zone and 
the combined moderate factors map to delineate the line 
between the moderate and the low susceptibility zone. We 
used a minimal combined factor score threshold between 
3 and 5 along with educated judgment to delineate the 
boundary between the low and moderate zones (Figure 
26, right). 

     
Figure 26.  (left) Map of the minimal moderate susceptibility zone (orange) and landslide deposits (red). (right) Map of the high 

susceptibility zone (red), the combined moderate factors score (yellow to orange areas), and the minimal moderate zone (purple).
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An example of educated judgment can be seen in the 
northwest portion of Figure 267. This area lacks moder-
ate factors and minimal moderate zone; however, a known 
Columbia River Basalt soil interbed in this area called the 
Vantage Horizon is exposed at the surface. Just to the west 
of this area a large landslide, which very likely failed along 
the Vantage Horizon, occurred. 

5.2.3.7  Final deep-landslide susceptibility zones

The final deep landslide susceptibility zones are a combi-
nation of contributing factors discussed in the previous 
section 5.2.3 and combined as shown in Table 2 (Figure 
27).

Table 2.  Final deep-landslide hazard zone matrix.

Contributing Factors

Final Hazard Zone

High Moderate Low

Landslides, Head Scarp–Flanks, Buffers included — —

Geologic Factors, High Zone Buffer — included —

Minimal Geologic Factors — — included

Figure 27.  Map of high (red), moderate (orange), and low 
(no color, gray) deep-landslide susceptibility zones. 
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HIGH: High susceptibility to deep landslides. Deposits mapped as historical and/or active are outlined in black.

MODERATE: Moderate susceptibility to deep landslides.

LOW: Low susceptibility to deep landslides.

DEEP-LANDSLIDE SUSCEPTIBILITY CLASSIFICATION

This map depicts susceptibility to deep landslides in this area. For the purpose of this map, deep landslides are defined as those with
a depth to the failure plane of greater than 15 ft (4.5 m) (Burns and Madin, 2009).

This susceptibility map was prepared by combining four factors: 1) landslide inventory data taken from the corresponding inventory
map, 2)  head scarp buffers, 3) moderate zone buffer, and 4) geologic factors (susceptible geologic units and contacts, slope angles, and
preferred direction of movement). The combinations of these factors comprise the relative susceptibility hazard zones: high, moderate,
and low as shown in the Hazard Zone Matrix below. The deep-landslide susceptibility 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 (2008).

Each landslide susceptibility hazard zone shown on this map has been developed according to a classification scheme using a number
of specific factors. The classification scheme was developed by the Oregon Department of Geology and Mineral Industries; see
accompanying text report. The symbology used to display these hazard zones is explained below.

Deep-Landslide Susceptibility Zones: This map uses color to show the relative degree of hazard. Each zone is a combination of
several factors (see Hazard Zone Matrix, below).

EXPLANATION

High Moderate Low

included — —

included— —

—

Landslides, Head Scarp-Flanks, Buffers

Final Hazard Zone
Contributing Factors

Minimal Geologic Factors

Geologic Factors, High Zone Buffer

— included

*

*See explanation of corresponding contributing factors below.

Deep-Landslide Susceptibility Hazard Zone Matrix

Landslide Inventory: This map is an
inventory of existing deep-landslide
deposits and head scarps in this area.
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 landslide was also
attributed with classifications for activity,
depth of failure, movement type, and
confidence of interpretation using the
protocol developed by Burns and Madin
(2009). This map uses color to show
different landslide features as explained
below.

EXPLANATION

Landslide Head Scarps

Deep-Landslide Deposits

3
2
1

Head Scarp Buffers: Buffers were
applied to all head scarps from the
landslide inventory. In most cases the
first buffer results in a minimum buffer
distance and the second buffer (described
below) results in the maximum buffer
distance.  In all cases the greater of the
two was used.

The first buffer (orange on diagram)
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 6.5 ft (2 m) has a 2H:1V
buffer equal to 13 ft (4 m).

The second buffer (red on diagram) is
different for each head scarp and is
dependent on the average of the
horizontal distance between internal
scarps.  For example, an average
horizontal distance of 150 ft (50 m) has a
2H:1V buffer equal to 300 ft (100 m).

Moderate Susceptibility Zone: This
map displays the scores of the relative
geologic susceptibility zone factors, a
moderate zone buffer applied around the
high susceptibility zone,  and the mapped
deep-landslide deposits in this area.

A moderate zone buffer was applied
around the high-susceptibility zone of
each landslide deposit.  This buffer is
different for each landslide deposit and is
dependent on head scarp height.

Each geologic zone factor was given a
score of 0, 1, or 2. Thus, if all factors have
the highest score at some particular
location, the final factor score is 8. A
minimal combined factor score threshold
between 3 and 5 along with educated
judgment was used to delineate the
boundary between the low and moderate
zones.  The geologic zone factors are:

EXPLANATION

Deep-Landslide Deposits

Moderate Zone Buffer

Geologic Susceptibility Zone Factors Score

1 (low)

2

3

4

5

6

7

8 (high)

1) Susceptible geologic units
2) Susceptible geologic contacts
3) Susceptible slope angles for each
engineering geology unit polygon
4) Susceptible direction of movement for
each engineering geology unit polygon

The geologic susceptibility zone factors
and the moderate zone buffer data sets
along with professional judgment were
used to create the boundary between the
moderate and low deep-landslide
susceptibility zones.

U.S. Geological Survey 7.5-minute quadrangle maps are divided into quarter quadrangles. Each quarter 
quadrangle has two plate numbers; the first plate number indicates the shallow-landslide susceptibility
 map, and the second plate number indicates the corresponding deep-landslide susceptibility map. Plates 
1 and 2 (not shown here) are overview maps for this publication.

Cartography by William J. Burns and Katherine A. Mickelson, 
Oregon Department of Geology and Mineral Industries.

This map also benefited from internal review and comments by 
Ian Madin, DOGAMI Chief Scientist.

IMPORTANT NOTICE

This product is for informational purposes and may not have been prepared
for or be suitable for legal, engineering, or surveying purposes. Users of
this information should review or consult the primary data and
information sources to ascertain the usability of the information. This
publication cannot substitute for site-specific investigations by qualified
practitioners. Site-specific data may give results that differ from the
results shown in the publication. See the accompanying text report for
more details on the limitations of the methods and data used to prepare
this publication.
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3) The susceptibility maps are based on the topographic and landslide inventory data available as of the date of publication.  Future
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, such features 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, thereby reducing their level of susceptibility.  Because it is not feasible
to collect detailed site-specific information on every landslide, potential mitigation has been ignored.

a.  Limitations of the landslide inventory, which are discussed by Burns and Madin (2009).

b. Calculation of head scarp buffers is limited based on the head scarp height (first buffer) and an average of the horizontal
widths of previous or downslope blocks (second buffer). It is assumed that most large deep landslides have the potential to fail
retrogressively upslope; however, this is not always the case.

c. The additional factors used to delineate the moderate susceptibility zone include susceptible geologic units, susceptible
geologic contacts, susceptible slope angles for each engineering geology unit polygon, and susceptible direction of movement for
each engineering geology unit polygon. These factors are combined and a final score is produced, but the delineation of the final
moderate zone is based on visual overlap of these four factors; therefore, the accuracy and resolution of the output data can be
overestimated or underestimated.

LIMITATIONS

The deep-landslide susceptibility map was developed following an established protocol (Burns, 2008) that incorporates several types
of data. Several limitations are worth noting and underscore that any regional hazard map can be useful for regional applications but
should not be used as an alternative to site-specific studies in critical areas. Limitations include the following.

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) As discussed in the Explanation section, the protocol to develop deep-landslide susceptibility maps is based on  four factors: 1)
landslide inventory data taken from the corresponding inventory map, 2)  head scarp buffers, 3) moderate zone buffer, and 4) geologic
factors (susceptible geologic units and contacts, slope angles, and preferred direction of movement). All of these parameters can affect
the level of detail and accuracy of the final susceptibility map. Because the maps are based on a combination of factors, all of which
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Base map for plates in this publication:

Lidar data from DOGAMI Lidar Data Quadrangle LDQ-2009-45122C3-Estacada,
LDQ-2009-45122C4-Redland, LDQ-2009-45122C5-Oregon City, LDQ-2009-45122C6-Canby, 
LDQ-2009-45122C7-Sherwood, LDQ-2009-45122D3-Sandy, LDQ-2009-45122D4-Damascus, 
LDQ-2009-45122D5-Gladstone, LDQ-2009-45122D6-Lake Oswego.
Digital elevation model (DEM) consists of a 3-foot-square elevation grid that was converted 
into a hillshade image with sun angle at 315 degrees at a 60-degree angle from horizontal.
The DEM was multiplied by 5 (vertical exaggeration) to enhance slope areas.

2005 orthophoto imagery is from Oregon Geospatial Enterprise Office and
is draped over the hillshade image with transparency.

Projection: North American Datum 1983, UTM zone 10 North.

Software: Esri ArcMap 10, Adobe Illustrator CS2.

Source File: Project\Clackamas Landslide\ClackamasStudy.mxd
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Figure 28.  Example of the deep-landslide susceptibility map of the northwest quarter of the U.S. Geological 
Survey Oregon City 7.5-minute quadrangle, Clackamas County, Oregon (Plate 52).

5.2.3.8  Deep-landslide susceptibility map

We developed a map template as part of the protocol de-
scribed here. The map template provides a way to display 
deep-landslide susceptibility data in a consistent manner 
for any area in Oregon. An example of this template is 
shown in Figure 28.

NOTE: This PDF is Appendix C-I of DOGAMI Special Paper 46, by William J. Burns and others, 2015.




