
DEPARTMENT OF  
NATURAL RESOURCES 

FOREST RESOURCES DIVISION 
1111 WASHINGTON ST. SE 
OLYMPIA, WA 98504 

360-890-1155
GREG.MORROW@DNR.WA.GOV
WWW.DNR.WA.GOV

Page 1 of 13 

August 11, 2026 

TO: Alex Vokey, Clear Lake Forester, Northwest Region 

FROM: Greg Morrow, LEG #19110652, QE, Forest Resources Division 

SUBJECT: Slope Stability and Channel Migration Zone Information for the Sidewinder 
Timber Sale, Skagit County, Washington 

This memorandum documents my observations and interpretations of potentially unstable 
landforms and channel migration zones (CMZs) around the proposed Sidewinder timber sale 
(proposed harvest). I worked with the forester to exclude CMZs and Forest Practices potentially 
unstable landforms, commonly referred to as rule-identified landforms (RILs). 1

The proposed harvest includes 8 variable retention harvest (VRH) units. Unit 1 and Units 3A, 3B, 
3C, 3D, and 3F are within the Lower Suiattle Watershed Analysis Units (WAU). Unit 2 is split 
between the Lower Sauk and Lower Suiattle WAUs (Figure 1). Unit 1 is buffered from wetlands 
adjacent to the Suiattle River, and there are no typed streams within Units 1 and 2. Units 3A 
through 3F include VRH and road construction around streams that drain to the Suiattle River 
(Figure 2).  

VRH and road construction are planned around groundwater recharge areas to glacial deep-
seated landslides, shallow landslides and debris flows, Category A inner gorges and bedrock 
hollows, a Category E dormant-distinct to recent deep-seated landslide on an inner gorge slope, 
and the Suiattle River channel migration zone. Proposed road construction is temporary, avoids 
RILS, and primarily uses existing old road grades where feasible. Landslides and RILs delineated 
by the Qualified Expert are shown on Figure 7. Please refer to Appendix D of the FPA for more 
information on rule-identified landforms, including Category A landforms delineated by DNR 
foresters. 

My engineering geologic review considered the following: 

• Washington State DNR GIS data including:
• Digital orthophotographs from the 1990’s, 2003, 2006, 2009, 2011, 2013, 2015,

2017, 2019, and 2023
• Lidar data and derivatives acquired in 2022 and 2006

1 WAC 222-16-050 (1)(d)(i) 
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• 1:24,000-scale2 and 1:100,000-scale3 geologic mapping
• Forest Practices Landslide Inventory and Landslide Hazard Zonation layers
• Spatial timber sale data from Northwest Region personnel

• Manually-georeferenced historic aerial photographs4 from 1953, 1978, 1983, 1987, and
1996

• Previous geologic assessments for approved DNR forest practice applications5

FPA/N# 2816616 ‘Pinkerton’, 2817891 ‘Suiattle Connector’, and 2818952 ‘Pretender’
• Sidewinder timber sale road plan6

• Field reconnaissance on October 1, October 31, and November 19, 2025, and on March
24, 2026 with Alex Vokey, DNR State Lands forester

I, Greg Morrow, prepared this memorandum. I am a Washington State Licensed Engineering 
Geologist (LEG #19110609) and meet the definition of a “Qualified Expert” as outlined in WAC 
222-10-030(5).

This memorandum documents my landform interpretations, the key observations that I used to 
make those interpretations, and the mitigation options we discussed. This memorandum is not 
intended to document the full scope of the geologic review that I conducted for this sale, nor is 
it intended to satisfy the requirements for a Class IV-Special Forest Practices Application (FPA). 

Geologic and Geomorphic Setting 
Geologic Setting 
I reviewed the published 1:100,000-scale geologic map by Tabor and others (2002) and the 
1:24,000-scale geologic map by Dragovich and others (2002), for the Suiattle Mountain area 
(Figure 3, Figure 4). The 1:24,000-scale geologic map coverage is partial and only includes the 
western half of the proposed harvest area.  

The published maps indicate that Suiattle Mountain is composed of Shuksan Greenschist 
(Jsh(s)) and Chilliwack Group (PMDms(c)) metavolcanic and metasedimentary bedrock. I 
observed outcrops of fine grained metavolcanic and metasedimentary rock during my field 
traverses. Bedrock is visible in cliffs and outcrops in the upper reaches of Unit 3, within incised 
stream drainages around Unit 3, and in roadcuts along Suiattle River road (SR-ML). 

During the most recent ice age, glacial ice advanced across the project area. Glaciers filled the 
Suiattle River valley, carving steep U-shaped valley walls and depositing till (Qgt(v)) and ice-
contact deposits (Qgt(vi)). Glacial ice dammed the ancestral Sauk and Suiattle Rivers, forming 

2 Dragovich, Joe D.; Gilbertson, Lea A.; Lingley, William S., Jr.; Polenz, Michael; Glenn, Jennifer, 2002, Geologic map of the 
Darrington 7.5-minute quadrangle, Skagit and Snohomish Counties, Washington: Washington Division of Geology and Earth 
Resources Open File Report 2002-7, 1 sheet, scale 1:24,000. 
3 Tabor, R. W.; Booth, D. B.; Vance, J. A.; Ford, A. B., 2002, Geologic map of the Sauk River 30- by 60-minute quadrangle, 
Washington: U.S. Geological Survey Geologic Investigations Series Map I-2592, 2 sheets, scale 1:100,000, with 67 p. text. 
4 USGS Earth Explorer, accessed October 2025. https://www.usgs.gov/tools/earthexplorer. 
5 Washington DNR Forest Practices FPAMT, accessed January 2026. https://fpamt.dnr.wa.gov. 
6 Road plan available on file at DNR Northwest Region office. 



Slope Stability and Channel Migration Zone Information 
Sidewinder Timber Sale 

Page 3 of 13 

temporary lakes during both glacial advance (Qgl(v)) and retreat (Qgl(e)). Till (Qgt(v)) consists of 
a very dense mixture of sand, silt, clay, gravel, and boulders. Ice-contact deposits (Qgt(vi)) 
consist of gravel, cobbles, and boulders with sand interbeds. Glaciolacustrine (lake) deposits 
(Qgl(v) and Qgl(e)) generally consist of silt, clay, and fine sand. Recessional glaciolacustrine 
(Qgl(e)) is described as loose, soft, or stiff; and advance (Qgl(v)) as stiff or dense to very dense. 
Glacial deposits overlie bedrock and are overlain by alluvium (Qa) and colluvium, and landslide 
deposits (Qls). 

Landslide deposits (Qls) are mapped on glacial terrace risers above the Suiattle River and at the 
base of Suiattle Mountain. Landslide deposits and colluvium are generally unsorted to poorly 
sorted and unstratified to weakly stratified and vary in composition based on their parent 
material and style of mass-wasting process. The scale of the published mapping is coarse and 
was done prior to modern lidar-derived topography. In the field I observed evidence of deep-
seated landslides, shallow landslides, and debris flows. My landslide interpretations are shown 
on Figure 7 and are discussed further in the following sections.  

During my traverses in and around Units 3A through 3F, I generally observed that glacial 
deposits and bedrock are buried by colluvial wedges. Colluvium consists of poorly sorted sand 
and gravel with angular to subrounded cobbles and boulders. Figure 4 shows my field 
observations of geologic materials. Thicknesses of glacial and colluvial deposits vary throughout 
Units 3A through 3F from less than 10 feet thick to over 100 feet thick. I observed surficial 
exposures and outcrops of bedrock in cliffs, streams, and roadcuts where glacial and colluvial 
deposits are thin or eroded completely. 

Geomorphic Setting 

Units 1 and 2 are on flat to gently sloping glacial terraces and terrace risers elevated 
approximately 30 to more than 150 feet above the Suiattle River valley floor. Hummocky kettle 
and kame ice-contact topography is visible in lidar west of Units 1 and 2. Unit 2 is on a relict 
outwash fan surface near the base of Suiattle Mountain. A dry, truncated channel is visible on 
the relict fan surface in lidar. Around Units 1 and 2, the scarps of several large deep-seated 
landslides are visible on glacial terrace risers above the Suiattle River. My deep-seated landslide 
interpretations are shown on Figure 7 and are discussed further in the following sections. 

Units 3A through 3F are at the base of Suiattle Mountain upslope and adjacent to the SR-ML 
road. The site has dissected glacial terraces and colluvial aprons mantled over resistant bedrock 
hillsides. Slopes within the proposed harvest are generally planar to divergent with gently 
sloping ridges and terraces abutting steep bedrock and colluvial slopes.  

Suiattle Mountain rises over 4000 feet above the valley floor and has a high density of steep, 
incised stream drainages that divide Unit 3 into smaller subunits 3A through 3F. Erosion and 
mass-wasting from the steep stream drainages have incised into bedrock, glacial terraces, and 
colluvial aprons, forming the dissected and complex present-day topography. 
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Landslide Database Review and Previous Forest Practices Assessments 

The following subsections present my review of Forest Practices landslide databases and 
summarizes pertinent landslide information from approved DNR FPAs around the Sidewinder 
timber sale. 

Forest Practices Landslide Hazard Zonation 

I used the Forest Practices Landslide Hazard Zonation (LHZ) as a screening tool (Figure 5). The 
mapping was published prior to modern lidar-derived topography and therefore is coarse and 
inaccurate in many areas. Lidar and field observations are better tools to identify rule-identified 
potentially unstable slopes.  

LHZ mapping describes Unit 1, Unit 2, and most of Units 3A through 3F as ‘low’ to ‘moderate’ 
instability potential. I disagree with the ‘moderate’ classification due to the low slope angle and 
mostly planar to divergent slopes and instead classify ‘moderate’ areas within the proposed 
harvest as ‘low’. Areas of ‘high’ instability potential are mapped on the steep, rocky flanks of 
Suiattle Mountain in Units 3A through 3F, and within incised streams with inner gorge 
topography around Units 3A through 3F. Slopes in the proposed harvest areas are generally 
planar to divergent, and I worked with the forester to identify and exclude RILs from the 
proposed harvest boundaries. Therefore, I disagree with the ‘high’ instability potential rating 
and instead would classify areas within the proposed harvest as ‘low’. 

Forest Practices Landslide Inventory 

I used the Forest Practices Landslide Inventory (LSI) as a screening tool (Figure 5). The LSI 
database was compiled in 2008 from several sources including unpublished and published 
watershed analyses, landslide hazard zonation, and published geologic maps. The mapping was 
done prior to modern lidar-derived topography and therefore is coarse and inaccurate in many 
areas.  

The LSI database shows several debris flow tracks around Units 2, and 3A through 3F. I 
reviewed the available historic aerial imagery and orthophotos and mapped shallow landslides 
and debris flows (Figure 7). My shallow landslide and debris flow observations and 
interpretations are documented in Table 2 and are discussed further in the following sections. 

LSI polygon #16381 is adjacent to Units 2 and 3A (Figure 5). The polygon is a coarsely mapped 
landslide deposit derived from the published 1:100,000-scale geologic map of the area and 
corresponds to glacial deep-seated landslide LS-1 discussed in this report. My interpretations of 
glacial deep-seated landslides and their topographic groundwater recharge areas are discussed 
further in the following sections (Figure 7). 
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Previous Assessments for Approved DNR FPAs 

Glacial deep-seated landslides and topographic groundwater recharge areas (GWRA) to glacial 
deep-seated landslides (LS-1, LS-2) were identified around the proposed harvest for adjacent 
DNR Forest Practice Applications FPA/N# 2816616 ‘Pinkerton’, 2817891 ‘Suiattle Connector’, 
and 2818952 ‘Pretender’ (Figure 6, Figure 7). My observations of glacial deep-seated landslides 
and topographic groundwater recharge areas to deep-seated landslides are discussed further in 
the following sections. 

Additionally, for FPA/N# 2818952 ‘Pretender’ I assessed the Suiattle River outer edge meander 
bend CMZ features associated with glacial deep-seated landslides LS-1 and LS-2 (Figure 6, 
Figure 7). In my assessment I observed outer edge meander bend bank erosion and deep-
seated landslide activity from stream undercutting in the aerial imagery record on a 1-acre inset 
landslide on the toe of LS-1 and on the active portion of LS-2. I calculated a 253-foot erosion 
hazard buffer for the observed outer edge meander bend bank erosion and active landslide 
processes. The total buffer width is 421 feet from Suiattle River (Figure 6).  

I reviewed the previous assessments and agree with the landslide interpretations and CMZ 
assessment using Board Manual guidance. Proposed Unit 1 and Unit 2 avoid RILs and are 
located outside the 421-foot CMZ buffer and therefore are outside the area of influence of the 
outer edge meander bend bank erosion and deep-seated landslide processes.  

CMZ Observations and Interpretations 

In addition to reviewing and excluding buffers from the previous CMZ assessment for FPA/N# 
2818952 ‘Pretender’, I evaluated an approximately 2-mile reach of the Suiattle River for 
potential CMZ features for the Sidewinder timber sale. Following guidelines from the Forest 
Practices Board Manual, Section 2, I used georeferenced historic aerial imagery dating back to 
1953, DNR orthophotos from the 1990s to 2023, and lidar data to map Suiattle River’s historic 
migration zone (HMZ). I also screened the valley bottom for avulsion pathways using a relative 
elevation model (REM) based on the inverse distance weighting method by Olson et al., 2014.7 

The Suiattle River HMZ around Units 3A through 3F appears stable throughout the photo record 
and I did not detect measurable channel migration. Proposed Units 3A, 3B, 3C, 3E, and 3F are 
located upslope of the SR-ML, and the portion of Unit 3D below the SR-ML is buffered from the 
Suiattle River channel. 

Proposed Unit 1 is on an elevated terrace approximately 30 feet above the valley bottom 
(Figure 6). I observed evidence of channel migration in the imagery record from 1953 and 2023 
adjacent to Unit 1. Approximately 600 feet northeast of Unit 1 at the ‘Northeast Reach’, the 
HMZ shows a slow, progressive southward lateral migration into the terrace surface toward 

7 Olson, Patricia L., Legg, Nicholas T., Abbe, Tim B., Reinhart, Mary Ann, Radloff, Judith K., A Methodology for delineating 
planning-Level channel migration zones, Shorelands and Environmental Assistance Program, Washington State Department of 
Ecology, 2014, pp. 62-71.  
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Unit 1, coupled with a downstream, slow, progressive eastward lateral migration at the ‘East 
Reach’ away from Unit 1. 

At the Northeast Reach, the HMZ shows the river position has migrated approximately 120 feet 
southwest since 1953, toward Unit 1. Because I observed evidence of slow, progressive lateral 
migration into the terrace toward Unit 1, I delineated an erosion hazard area (EHA) for the 
migrating reach and calculated the average erosion setback (AES) buffer. Table 1 below shows 
AES calculation parameters and results. Due to other ecological feature buffers, proposed Unit 
1 is setback approximately 550 feet from the channel, exceeding the calculated EHA buffer 
distance by approximately 175 feet. 

Table 1. Unit 1 Northeast Reach Segment Parameters Used for AES Calculation 

Reach 
Eroded 

Area 
(∑A) 

Functional 
Wood 

Time (T) 

Reach 
Length 

(L) 

Time Range 
1953-2023 

(Δt) 

Average 
Erosion 

Setback (AES) 

RMZ 
Buffer 

AES+RMZ 
Combined 

Buffer 

Unit 1 
Northeast 

148,300 
ft2 140 yr 1400 ft 70 yr 210 ft 165 ft 375 ft 

East of Unit 1, the HMZ shows the river position at the ‘East Reach’ has migrated approximately 
200 feet east since 1953, away from Unit 1. This portion of the HMZ was last occupied in the 
1953 photo, and has fully revegetated with alder, cottonwood, and conifers. Near the southern 
end of the ‘East Reach’, the forester identified an oxbow-shaped wetland approximately 200 
feet east of Unit 1 and applied a site-index buffer to the wetland to exclude it from Unit 1. The 
oxbow-shaped wetland has a very tight radius, dissimilar to the relatively straight channel 
courses observed in the HMZ along this reach. In the historic aerial imagery record I did not 
observe that oxbow-shaped wetland was occupied by the historic river position, and therefore 
it is not included in the HMZ delineation. The REM shows the wetlands are on a terrace 
approximately 8 to 10 feet above the river elevation. Unit 1 is on an 30-foot high terrace 
approximately 1000 feet west of the HMZ and therefore it is unlikely to affect future channel 
migration processes within the 140 year near-term. 

At the ‘South Reach’ approximately 1000 feet south of Unit 1, the HMZ shows channel 
migration is occurring along an s-shaped meander bend within the ½-mile wide, unconfined 
valley bottom. About ¼ mile south of Unit 1, the channel is confined by the approximately 100-
foot-tall glacial terrace high bank. Due to the observed channel migration of the s-bend and 
potential for future migration or avulsion within the unconfined valley bottom, I conservatively 
delineated an approximately 8-acre avulsion hazard zone (AHZ) for a portion of the meander 
bend south of Unit 1. The AHZ extent is bounded by the base of the glacial terrace where 
erosion rates are expected to be much slower due to the dense glacial soils. Proposed Unit 1 is 
located approximately 300 feet from the glacial terrace tread slope break, approximately 500 
feet from the delineated AHZ boundary. In my opinion, in the 140 year near-term the river is 



Slope Stability and Channel Migration Zone Information 
Sidewinder Timber Sale 

Page 7 of 13 

most likely to migrate or avulse southeast within the unconfined ½-mile wide valley bottom. In 
the less likely event that the channel fully migrates into the delineated AHZ, the 100-foot tall 
glacial terrace and 500-foot distance from the AHZ will separate Unit 1 from future channel 
migration processes within the next 140 year near-term. 

Units 1 and 2 Landslide Observations and Interpretations 

Units 1 and 2 are on a glacial terrace that is being eroded by a meander bend of the Suiattle 
River. The erosion is contributing to glacial deep-seated landslides (LS-1 and LS-2) and the 
proposed harvest excludes RILs and CMZ buffers. This section includes my DSL review for Units 
1 and 2.  

Landslide Observations and Interpretations 

Landslide LS-1 is a 25-acre dormant-indistinct to dormant-distinct glacial deep-seated landslide 
complex. The landslide toe extends onto a terrace above the Suiattle River floodplain, and the 
landslide toe has evidence of modification from past river erosion. I did not observe evidence of 
road offsets or shifting along the SR-ML from deep-seated landslide movement during my 
reconnaissance. I agree with the landslide delineation from previous FPAs, its activity 
classification, and the GWRA delineation using board manual guidance.  

Unit 2 is setback approximately 150 feet from the scarp of LS-1. The GWRA to LS-1 follows 
surface topography, and proposed Unit 2 excludes the GWRA to LS-1. Unit 3A is separated from 
LS-1 and its GWRA by streams that form drainage divides (Figure 6, Figure 7). 

Landslide LS-2 is an 8-acre dormant-distinct to active glacial deep-seated landslide complex on 
a glacial terrace riser above the Suiattle River. The landslide is driven by stream undercutting 
and has a range of activity levels due to meander bend erosion shifting through time. I agree 
with the landslide delineation from previous FPAs, its activity classification, and the GWRA 
delineation using board manual guidance. 

The GWRA to LS-2 follows surface topography and proposed Units 1 and 2 exclude the GWRA to 
LS-2. Unit 1 is setback approximately 75 feet behind a ridge that forms a topographic drainage 
divide separating Unit 1 and LS-2 (Figure 6, Figure 7). 

Channel Migration Zone Considerations for LS-1 and LS-2 

During my work for FPA/N# 2818952 ‘Pretender’ on the Suiattle River, I observed a vegetated, 
broad meander bend and relatively stable HMZ around LS-1 and LS-2 from 1953 to 2003.8 
Meander bend erosion is undetectable for most of the photo record until 2006. In the 2006 
photo I observed a discrete retrogressive landslide event at the outer edge meander bend on a 
1-acre inset landslide on the toe of LS-1 and the active portion of LS-2. Following the 2006

8 FPA/N# 2818952 
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landslide event the HMZ position appears to be unchanged by the landslide event, with the 
river channel remaining stable in the 2009 to 2020 imagery. 

I reviewed the most recent 2023 aerial imagery and observed that LS-2 and the inset slide on 
the toe of LS-1 extents do not appear larger than were previously mapped in 2020. Therefore, I 
conclude that the 421-foot outer edge meander bend erosion setback buffer (CMZ buffer) I 
calculated for FPA/N# 2818952 is still adequate (Figure 6). The proposed harvest is outside the 
421-foot CMZ buffer and GWRAs to LS-1 and LS-2, therefore is outside the area of influence of
the outer edge meander bend and deep-seated landslide processes.

Units 3A through 3F Landslide Observations and Interpretations 

Units 3A through 3F are on mostly planar to divergent slopes that transition between resistant 
bedrock hillsides and dissected glacial terraces. The area of Unit 3 is segmented into subunits 
3A through 3F by RMZ buffers for streams that drain from the steep slopes of Suiattle 
Mountain. These steep drainages have a history of shallow landslides and debris flows. In 
addition, I observed deep-seated landslides LS-3 and LS-4 around the proposed harvest. The 
proposed harvest boundaries and road construction avoid RILs. 

Temporary road construction is planned to access Units 3A through 3F. The proposed SR-27 and 
SR-30 roads primarily follow existing orphaned or abandoned road prisms that are in good 
condition and will temporarily cross streams with a history of debris flow runout. The inner 
gorge crossing connecting the SR-27 and SR-30 roads was historically damaged by debris flows 
and will not be reopened. Instead, short segments of new road construction are planned to 
connect with the existing orphaned or abandoned road grades. Culverts are planned for stream 
crossings and unoccupied dry channels, and crossings will be armored. Temporary road 
construction is seasonally restricted, and roads will be abandoned by the end of the contract, 
typically within 3 years. Refer to the road plan for complete construction details. 

Shallow Landslides and Debris Flows 

Table 2 documents my observations and interpretations of shallow landslides and debris flows 
identified around the proposed harvest area, and the proposed mitigations developed 
collaboratively by DNR staff. I identified shallow landslides and debris flows using historic aerial 
imagery, lidar data, and field reconnaissance. I was not able to access 2001 imagery used for 
the LSI database, and therefore used the 2003 DNR orthophoto. Landslide locations are shown 
on Figure 7.  
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Table 2: Shallow landslide and debris flow information around the Sidewinder Timber Sale. 

State Lands 
Landslide 

ID 

Photo or 
Year 

Observed 
Qualified Expert Comments and Interpretation Mitigation 

DF-1 1953 
2003 

LSI database describes polygon #28689 as a very large 
debris flow, and #28690 as a shallow-undifferentiated 
slide, both mapped using the 2001 aerial imagery. The 
1953 aerial imagery shows a bedrock inner gorge, 
widespread clear-cut harvests, and a large debris flow 
track initiating from an old road grade approximately 1 
mile upslope of Unit 3A. The 2003 orthophoto shows a 
vague line within the upper reaches of the inner gorge 
that may be indicative of a more recent smaller debris 
flow.  

None. The inner gorge 
landform, debris flow initiation 
areas, and runout track are 
located outside the area of the 
proposed harvest and road 
construction. 

DF-2 
DF-3 

1998 
2003 

LSI database describes polygon #28691 as a very large 
debris flow mapped using the 2001 aerial imagery. The 
1998 and 2003 aerial imagery shows large debris flow 
tracks (DF-2, DF-3) initiating from old road grades 
approximately 1 mile upslope of proposed harvest units 
3C and 3D. The debris flows traveled down steep, 
convergent bedrock inner gorge and likely damaged the 
old SR-27/SR-30 road crossing the inner gorge. The debris 
flow likely deposited on the SR-ML and further 
downslope. 

The old SR-27/SR-30 road 
crossing the inner gorge will not 
be reopened. A short section of 
new SR-27 road will be 
constructed to access Units 3B 
and 3C from the west. The inner 
gorge landform, debris flow 
initiation areas, and runout 
track are located outside the 
area of the proposed harvest 
and road construction.  

DF-4 1953 

The 1953 aerial imagery shows a debris flow track 
initiating in an inner gorge slope and travelling 
approximately ½ mile down steep bedrock slopes. The 
slide deposited on a fan approximately 100 feet upslope 
of Unit 3F and the SR-30 road. 

The proposed harvest and 
temporary road construction 
areas avoid RILs and debris flow 
runout deposits. Armored 
culverts are planned for stream 
crossings and unoccupied dry 
channels on the SR-27 and SR-
30 road below DF-4. The SR-27 
road crossing below DF-5 
stream channel will be dipped 
and armored.  

DF-5 2025 

Following the December 2025 atmospheric river event, I 
observed a small debris flow deposit upslope of the 
proposed SR-27 road right of way. The deposit consists of 
large woody debris and cobbles in the channel. The slide 
initiated from an inner gorge slope approximately 300 
feet upslope of the road grade. 

SL-1 2023 

Small inner gorge debris slide adjacent to Unit 3B and the 
SR-27 road. A small canopy gap is first visible in the 2023 
aerial imagery. In the field I observed angular colluvium 
in a recent scarp approximately 6 feet tall, 25 feet wide. 
Gravel and cobble deposits are in the stream channel 
bottom. 

Avoidance. The proposed 
temporary SR-27 road and 
harvest boundaries avoid SL-1 
and inner gorge RILs. 

SL-2 2025 

Recent rotational slump on the SR-ML cutslope adjacent 
to Unit 3B that occurred in early 2026. The cutslope 
slump is approximately 20 feet tall by 60 feet wide. In the 
scarp I observed 10cm to 30cm thick alternating beds of 
overconsolidated sand and laminated silt, interpreted as 
glaciolacustrine deposits and till. 

Avoidance. The proposed 
harvest boundaries are buffered 
approximately 2 crown widths 
or more away from the scarp of 
SL-2. 
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Deep-seated Landslides 

I reviewed two DSLs (LS-3, LS-4) around Units 3A through 3F using remote tools and field 
reconnaissance and classified their activity levels following guidance from the Washington 
Forest Practices Board Manual, Section 16.9 Landslides LS-3, LS-4, and the topographic GWRA 
to LS-4 are excluded from the proposed harvest boundaries. 

Landslide LS-3 is a Category E, approximately ½-acre, dormant-distinct to recent, deep-seated 
rotational slump through an orphaned road grade. The orphaned SR-27 road grade crosses an 
inner gorge slope east of proposed Unit 3C. The toe of LS-3, the orphaned SR-27 road crossing 
the stream channel, and inner gorge slopes were scoured by debris flows DF-2 and DF-3 visible 
in the 1998 and 2003 aerial imagery (Table 2, Figure 7).  

I interpret that LS-3 is a dormant-distinct to recent rotational slump and in angular colluvium 
and weathered bedrock soils based on the following observations: 

• Poorly sorted, angular gravel and cobbles in a silty sand matrix in stream exposures at
the landslide toe. Similar in situ deposits on adjacent inner gorge sidewalls upstream
and in the opposite stream bank, interpreted as bedrock-derived colluvium.

• Metavolcanic and metasedimentary bedrock and angular boulders in the stream
channel upslope and downslope of the landslide toe. Few rounded clasts in channel.

• Skid trails across the LS-3 lower body and toe and inner gorge slope, below the
orphaned SR-27 road grade.

• Bedrock knickpoint in the stream channel approximately 250 feet downslope of the
landslide toe, visible standing on the SR-ML road. Bedrock outcrops and ridges on the
adjacent opposing hillslopes.

• Sharp left lateral margin where the orphaned SR-27/SR-30 stream crossing was scoured
and removed by debris flows. Right lateral margin is discernable by following ground
cracks that become difficult to follow onto steep, forested inner gorge slopes.

• The orphaned SR-27 road grade was likely constructed using cut and fill methods on the
inner gorge slope parallel to the stream. The landslide body crosscuts the SR-27 road
grade and has several back-rotated and down-dropped blocks with swept mature
conifers. The road grade on the landslide head appears down-dropped up to 4 feet and
has shifted laterally several feet toward the stream. Ground cracks follow an arcuate
path sub-parallel to the old road grade and are subtle and partially filled in, making
them difficult to follow.

9 Washington Forest Practices Board, 2016, Washington Forest Practices Board Manual Section 16: Guidelines for 
Evaluating Potentially Unstable Slopes and Landforms: Washington Forest Practices Board, 93 p. 
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• The landslide extents appear constrained to the SR-27 road grade and inner gorge
slopes, and ground cracks may extend to base of the road cutslope. Hand dug test pits
on the cutslope showed angular gravel with silty sand.

Based on my observations, LS-3 was likely caused by historic road building practices and further 
exacerbated by toe erosion from debris flows. The orphaned SR-27 road grade was originally 
constructed on steep inner gorge slopes, and there are skid trails below the road grade that 
likely further destabilized the inner gorge slope. The presence of mature swept conifer trees on 
the landslide body suggests that slope movement has likely occurred throughout the lifetime of 
the trees and therefore is not solely related to toe erosion from the 1998/2003 debris flows. 

I worked with the forester to exclude LS-3 and impacted areas of the old SR-27 road and 
cutslope from the Unit 3C harvest boundary. These areas are excluded with a two canopy width 
or greater buffer (Figure 7). No forest management activities are planned on LS-3.  

Landslide LS-4 is an approximately 3 ½- acre, relict, glacial DSL adjacent to proposed Unit 3F. I 
delineated the GWRA using LiDAR topography and field reconnaissance and worked with the 
forester and engineer to exclude LS-4 and its GWRA from the proposed management area 
(Figure 6). Proposed Unit 3F and the SR-30 road exclude slopes that drain toward LS-4 and its 
GWRA. 

Landslide LS-4 observations include: 

• Forested, smooth, low angle, arcuate head scarp with forested, gently rolling to
hummocky topography on the landslide head. It is difficult to distinguish deep-seated
landslide features from the adjacent landforms and terraces in the field.

• Margins are low angle, smooth, and forested. I observed medium dense, rounded gravel
with silt and sand matrix in test pits on the margins and scarp.

• Intact old growth stumps on the landslide head scarp, margins, and body.
• Predominantly straight conifers on the landslide. The forest type changes to mostly

hardwoods and brush on the landslide toe.
• The landslide toe appears to be missing or eroded, and the remaining slide body is

deeply eroded by spoon-shaped colluvial hollows. Below the hollows, low angle colluvial
wedges have coalesced on a terrace above the Suiattle River. The SR-ML crosses the
colluvial wedges at the base of the eroded slide body, and I did not observe offsets or
other evidence of deep-seated movement on the road grade.

• Within the colluvial hollows I observed exposures of stiff to very stiff, over consolidated,
thinly bedded (cm to mm), flat lying glaciolacustrine silt and clay. Springs and seeps are
daylighting at the slope crest of the hollows at the contact with the glaciolacustrine
deposits. The hollows are vegetated with brush and have patchy forested areas with
intact old growth stumps on the ridges separating the hollows.



Slope Stability and Channel Migration Zone Information 
Sidewinder Timber Sale 

Page 12 of 13 

The observed horizontally bedded silt and clay in the LS-4 toe is peculiar because it does not 
support the interpretation that landform LS-4 is a deep-seated landslide. The glaciolacustrine 
deposits appear to be intact and undisturbed, instead of blocky, sheared, or otherwise tilted or 
disturbed from landslide movement. Horizontally bedded glaciolacustrine deposits are present 
at similar elevations outside the landslide extents downslope of Unit 3 (Figure 4). 

Due to the presence of potential relict deep-seated landslide features and glaciolacustrine 
deposits within the landform, I delineated a topographic GWRA for LS-4. I worked with the 
forester and engineer to exclude slopes that drain toward LS-4 and its GWRA. No forest 
management activities are planned on LS-4 or its GWRA. 

Limitations 
This memorandum is intended to summarize landform interpretations in and around the 
proposed Sidewinder timber sale and to document licensed engineering geologist involvement 
in the proposed harvest layout process. It expresses the professional opinion of the author 
based upon the factual circumstances presented. Should the factual background, project 
parameters, or site boundaries change, the conclusions and recommendations contained 
herein shall not be considered valid unless those changes are reviewed in writing by the author. 

Mitigation recommendations presented in this memorandum were developed collaboratively 
with DNR region staff. While forest management inherently involves risk, the proposed 
mitigation measures presented in this memorandum are intended to minimize adverse impacts 
on slope stability due to the proposed management activities. 

The conclusions presented in this memorandum are based on professional judgement and do 
not guarantee slope stability or absolute absence of risk. Conclusions were developed using 
office-based screening tools and surficial geologic observations at the locations visited as they 
existed at the time of review. This review included shallow, hand-dug test pits and geologic 
exposures in the area reviewed but does not include deeper subsurface exploration such as 
borehole drilling. Geologists make inferences about subsurface geology using discrete 
observations and geologic principles. However, actual geologic conditions may differ from those 
presented in this memorandum. Site conditions can change with time and additional relevant 
information may become available. If this occurs, geologic interpretations and 
recommendations may require modification. It is not possible to fully define the geologic 
conditions of the site or predict slope movement with certainty based on this investigation and 
the available scientific knowledge; however, the work was performed using generally accepted 
practices in the field of engineering geology in the region at the time of this memorandum.  
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ATTACHMENTS: 
Figure 1: Vicinity Map 
Figure 2 (3 sheets): Site Map 
Figure 3: 100K Geologic Map 
Figure 4: 24K Geologic Map (with Field Observations) 
Figure 5: Forest Practices Landslide Inventory Map 
Figure 6: Channel Migration Zone Map 
Figure 7 (2 sheets): Geomorphology Map

Greg Morrow, LEG #19110652, QE 
State Lands Geologist 
Forest Resources Division 

Stamped and signed: 
8/11/2026











- Harvest Unit Boundaries

Geologic Units 100K Ungrouped 
Qvl(gp), Quaternary lahar deposits 

Qa, Quaternary alluvium 

Qls, Quaternary mass-wasting deposits 

Qgo(i), Pleistocene continental glacial drift 

pKhm(b), Bell Pass Melange metamorphic rocks 

Jph(d), Darrington Phyllite metasedimentary rocks 

Jsh(s), Shuksan Greenschist metavolcanic and 

metasedimentary rocks 

PMDms(c), Chilliwack Group metasedimentary 

rocks 

PMDmv(c), Chilliwack Group metavolcanic rocks 

wtr, Water 

Geologic Faults 100K 
(F) Thrust, certain accurate 

(F) Thrust, certain concealed 

(C) High-angle, certain accurate 

(C) High-angle, certain concealed 

-- (A) Fault, certain accurate 

- - • (A) Fault, certain inferred 

• • • • (A) Fault, certain concealed 

Geologic Contacts 100K 

Qvl(gp) � 

Contact - Identity and existence certain, location 

accurate 

-- Shoreline 
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Geologic Attitude Measurements lOOK 

0 

Inclined metamorphic or tectonic foliation -

Showing strike and dip 

Horizontal metamorphic or tectonic foliation 

Inclined aligned-mineral lineation - Showing 

bearing and plunge 

740 1,500 Feet 

I Scale: 1:18,000 
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