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Abstract 
A Burned Area Emergency Response (BAER) assessment was conducted to evaluate the potential for 
increased post-fire risk, including geologic hazards, to Critical Values on the Rogue River-Siskiyou 
National Forest (RRSNF) as a result of the Taylor and Klondike Fires.  Potential geologic hazards include 
debris flows, landslides, rockslides, and rockfall.  Of the potential geologic hazards, debris flows 
represent the most probable risk to Critical Values.  Drainage basins within the burned area were 
assessed for increased risk of the aforementioned mass wasting events through research of historical 
events, including local knowledge of pre and post-fire events, discussions with cooperators and other 
BAER team members, ground-based and aerial reconnaissance, and debris flow modelling provided by 
the U.S.  Geological Survey (USGS).  Field observations were made to evaluate the characteristics of 
surficial deposits and slope/drainage geometries.  USGS modelling provided probabilities for debris flow 
occurrence for each drainage within the fire perimeter.  Results indicate that 89% of drainages have a 
probability of less than 0.40 for debris flow occurrence, and 11% have a probability of 0.60-0.80 for 
debris flow occurrence.  Drainages at highest risk for debris flow initiation include Silver, Lower Briggs, 
Fall, and Onion Creeks.  Monitoring watershed responses to storm events during the first year after the 
Taylor and Klondike Fires will provide an opportunity to further refine USGS debris flow modelling that 
assesses the potential for post-fire mass wasting events on the RRSNF. 

Introduction 
Over 1,000 lightning strikes landed on the Rogue River-Siskiyou National Forest in southwest Oregon in 
the middle of July 2018.  Initial attack resources caught 98% of new starts, but two centered in the 
Taylor and Klondike Creek drainages grew to over 200,000 combined acres as of October 3rd, 2018.  A 
soil burn severity analysis indicated that 22% of land within the fire perimeter burned at moderate to 
high severity.  The Taylor Creek and Klondike Fires were split into zones on August 18th, and include the 
Taylor Creek, Klondike East, and Klondike West zones.  The Klondike West fire burned in the footprint of 
the 2002 Biscuit Fire and in the Kalmiopsis Wilderness, which precluded access to much of the interior of 
the zone.  Portions of the fire are contained by previously burned areas including the Biscuit Fire of 
2002, Onion Mountain Fire of 2014, and the Chetco Bar Fire of 2017.  The BAER team was deployed to 
the incident on September 27, 2018. 

Resource Condition Assessment 
The objectives of this assessment are to: 

1. evaluate pre- and post-fire geologic and watershed conditions that may contribute to an 
increased risk of geologic hazards, 

2. identify critical values within, and downstream of, the burned area, 
3. determine areas where the potential increased risk of geologic hazards presents an emergency 

situation for critical values, including risk to human life, property and natural resources, 
4. and to recommend treatments, where appropriate, to mitigate risk and minimize effects. 
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Geology of the Rogue River-Siskiyou National Forest 
The Taylor and Klondike Fires burned in the Klamath Mountains Geologic Province in southwest Oregon, 
which includes the Klamath and Siskiyou Mountains - rugged mountain ranges in northwestern 
California and southwestern Oregon.  The ranges’ climates are characterized by moderately cold winters 
with heavy snowfall and warm, dry summers with limited rainfall.  The rocks of the province originated 
as island arcs and continental fragments from the Pacific Ocean (Figure 1).  The island masses consisted 
of rifted fragments of pre-existing continents and volcanic island masses created over subduction zones.  
These island masses contain rocks as old as 500 million years, dating to the early Paleozoic Era.  A 
succession of eight island terranes moved eastward on the ancient Farallon plate and collided with the 
North American plate between 260 and about 130 million years ago.  Each accretion left a terrane of 
rock of a single age, which get progressively older from west to east.  During accretion, subduction of 
the plate metamorphosed overlying rock and produced magma which intruded the overlying rock as 
plutons.  Serpentinite, produced by the metamorphism of basaltic oceanic rocks, and intrusive rocks of 
gabbroic to granodioritic composition are common rocks within the Klamath terranes.  Subsequent lava 
flows from active volcanoes in the Cascade Range and the erosion of the Oregon Coast Range to the 
north partially covered these rocks with basalt and sediments. 

 

Figure 1. Generalized geology of the Klamath Mountain geologic province. 
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Pre-Fire Condition Related to Geologic Hazards 
The Klamath Mountains have considerable relief and are deeply dissected by high-gradient tributary 
streams that empty to larger river systems including Silver, Indigo, Briggs, Taylor and Shan creeks, as 
well as the Rogue and Illinois rivers.  Headwater streams are generally very steep with near-vertical rock 
outcrops that form limited talus slopes at their base (Figure 2).  Headwater streams act as transport 
zones for small rockfall and rockslides that generally do not reach trunk streams due to significant 
breaks in slope between initiation zones at the headwaters and deposition zones at valley bottoms.  A 
small number of headwater streams in the Silver Creek and Illinois River valleys maintain steep enough 
gradients to allow small debris flows to reach trunk streams.  These debris flows do not generally 
present evidence of large scale events (lack of deeply incised channels, debris fans and levies). 

Many mapped landslides within the area (DOGAMI, 2017) appear well-weathered and are interpreted as 
ancient.  These larger, deep-seated landslides appear to be structurally controlled at geologic contacts, 
and are presumed to have moved sometime around the end of the Pleistocene (10kya) when climatic 
conditions delivered significantly more precipitation.  There are few small rotational failures due to 
limited soil development and repeated post-fire erosional events. 

 

 

Figure 2. Steep slopes in the headwaters of the Todd Creek watershed that experienced variable soil burn severity during the 
Biscuit Fire of 2002.  Note that slopes show limited evidence of mass wasting 16 years post-fire. 
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Post-Fire Condition Related to Geologic Hazards 
Wildfire accelerates the naturally occurring process of weathering and erosion through the loss of 
vegetation which provides stability to soil and rock slopes by providing interception of precipitation 
from tree and shrub leaves, increased cohesion from root structures, and decreased soil-water 
infiltration rates via evapotranspiration and storage.  When vegetation is removed by fire, slopes 
experience an increase in precipitation-soil impacts, decreases in cohesion, and changes in the rate of 
soil-water infiltration, ultimately leading to increased erosion.  Additionally, rock or tree strikes can 
initiate further slope instability by dislodging material from steep slopes. 

The Klamath Mountain Geologic Province has experienced episodic fire over the last 2,000 years 
(Colombaroli and Gavin, 2010), which has resulted in widespread spatial variability in soil development, 
and subsequently, depth.  Over the vast majority of the burned area, we observed that soils in the 
headwaters of steep, deeply incised drainages were generally very thin and rocky.  These thin, rocky 
soils do not provide sufficient material to initiate large-scale debris flows, and post-fire erosion appears 
to efficiently remove what little soil develops on steep slopes (Figure 3).  A monitoring report from the 
1987 Silver Fire indicates that there was limited post-fire geomorphic response observed 3 years post-
fire (Cornell, 1990).  This trend was apparent during research and field reconnaissance.  It is anticipated 
that there will be limited, small-scale, post-fire slope failures that pose a threat to critical values. 

 

Figure 3.  Steep slopes in the headwaters of the Taylor Creek watershed that burned in the Onion Mountain Fire of 2014.  Note 
that slopes do not show evidence of mass wasting 4 years post-fire. 
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Methodology 
The findings of this geologic hazard assessment are based on research of historical information, field 
reconnaissance and geographic information system (GIS) analysis.  Due to large portions of the fire being 
situated within the Kalmiopsis Wilderness, a complete ground survey was not feasible.  Field work 
included aerial reconnaissance of the fire, seven field days visiting selected sites with various BAER 
specialists, discussions with cooperators, including the National Weather Service, and local knowledge of 
pre and post-fire mass wasting events on the RRSNF.  Field observations were made to evaluate the 
characteristics of surficial deposits, slope conditions, channel bed material, gradient and confinement. 

The USGS provided a preliminary post-fire debris flow hazard assessment (Staley and Kean, 2018) that 
relies upon empirical models to estimate the probability and volume of debris flows for selected basins 
in response to a specified design storm.  The models are based upon historical debris-flow occurrence 
and magnitude data, rainfall storm conditions, terrain and soils information, and burn-severity data from 
within the Taylor and Klondike Fire perimeters.  The model estimates post-fire debris-flow probability, 
volume, and combined hazards at both the drainage basin scale and in a spatially distributed manner 
along the drainage network within each basin (USGS, 2018).  It is important to note that “[t]he hazard 
assessments are based upon models that were developed, calibrated, and tested in more arid parts of 
the western U.S., and may not be as accurate in [southwestern Oregon] where post-fire debris-flow 
hazard is still largely unexplored and not yet quantified” (Staley, October 2018, personal 
communication).  For this assessment, we chose to use stream basin debris flow occurrence 
probabilities as opposed to hazard, as it includes modelled volumes that we assume inflate combined 
hazard of debris flows within the fire perimeter.  This assumption is based on observations and historical 
information that indicates that post-fire debris flows on the RRSNF are generally small volume and 
generally do not pose a significant risk to life and safety, property, or natural and cultural resources. 

Critical values were displayed in a Geographic Information System along with the results of the USGS 
modelling, and were assessed for the potential effect from post-fire debris flows.  The modelling 
provided various design storms, and a 15-minute duration, 16-millimeter per hour storm was chosen 
based on a 10-year recurrence interval storm event determined from the National Oceanic and 
Atmospheric Administration’s Precipitation Frequency Atlas of the Western United States, that best 
represents anticipated rainfall intensities within the fire perimeter. 
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Observations and Findings 
USGS Debris Flow Modelling 
Modelling results generally support field observations that indicate there will be limited post-fire 
geologic response from a 10-year recurrence interval storm event.  Figure 4 lists watershed probabilities 
for debris flow occurrence within the fire perimeter, and indicates that only 11% of drainages have a 
probability greater than 0.40 for the occurrence of debris flows.  Drainages at highest risk for debris flow 
initiation include Silver, Lower Briggs, Fall, and Onion Creeks.

 

Figure 4. USGS debris flow modelling results. 

The limited post-fire geologic response is due to a historic, repetitious fire regime that limits soil 
development, leading to regular and consistent soil erosion.  The constant erosion of soil from steep 
slopes does not support development of deep-seated, large volume failures.  This also precludes the 
accumulation of large volumes of material required to initiate large scale debris flows.  Interviews with 
local staff from the RRSNF indicate that post-fire debris flows are typically small, but have sufficient 
volume to block culverts, which may ultimately lead to road damage and/or failure.  This is most likely to 
occur where roads cross significant drainages below areas that experienced moderate to high soil burn 
severity.  Areas of particular interest include where moderate to high soil burn severity overlaps past 
geologic instability.  The most feasible mitigation for debris flows is storm prep/patrol of roads to 
protect critical values at risk. 
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FSR 2402 - Old Channel Mine 
The only occurrence of recent landsliding observed during field reconnaissance was located downhill 
from the Old Channel Mine along FSR 2402 (Figure 5 and Figure 6).  Previously mapped landslides were 
also noted in the area.  Unusual drainage patterns and recent road repairs exist where FSR 2402 crosses 
Sailor Jack Creek.  Three streams have their confluence there, and it is hypothesized that historic mining 
may have convoluted their drainages.  We also noted that one culvert was blocked and ponding water.  
USGS debris flow modeling results indicate that the probability for debris flow occurrence in this portion 
of the drainage is 0.25. 

 
Figure 5. Earth slump on FSR 2402 in the vicinity of the Old 
Channel Mine. 

 
Figure 6. Headscarp of earth slump in the vicinity of the Old 
Channel Mine. 

FSR 2500 - Lone Tree Pass 
All drainages between Lone Tree Pass and the West Fork of Taylor Creek show high potential for small 
volume debris flows.  Headwaters of steep, deeply incised streams draining this area experienced mostly 
high soil burn severity.  Observation of stream crossings revealed significant streambank erosion and 
debris deposition, indicating relatively recent channel instability.  USGS debris flow modeling results 
indicate that the probability for debris flow occurrence along this section of road is 0.24. 

 
Figure 7. Channel upslope of culvert on FSR 2500 near Lone 
Tree Pass. Channel indicates past instability and debris 
deposition. 

 
Figure 8. Inlet of culvert on FSR 2500 near Lone Tree Pass 
that has experienced past instability. 
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FSR 2500-224 
Significant portions of the headwaters of Onion Creek along FSR 2500-224 experienced high soil burn 
severity.  Additionally, USGS debris flow modeling results indicate that the probability for debris flow 
occurrence in portions of the drainage is 0.74.  These drainages, however, have small catchment areas 
that are unlikely to produce large storm stream flows capable of transporting large volumes of debris for 
any significant distance.  The most likely scenario is that a small debris flow could deposit enough 
material to plug culverts and saturate fill slopes. 

 
Figure 9. Channel upslope of culvert on FSR 2500-224. 
Channel indicates past instability and debris deposition. 

 
Figure 10. Inlet of culvert on FSR 2500-224 that has 
experienced past instability. 

FSR 4103 and Store Gulch Campground/Day Use Area 

 
Figure 11. 15'-high channel deposits at the mouth 
of Store Gulch.  It is not apparent as to the source 
of deposit (e.g.: debris flow, stream terrace, or 
translational channel failure). 

 
Figure 12. Culvert inlet where FSR 4103 crosses Store Gulch.  
Note the dearth of evidence of past debris flow deposits. 
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For most of its length, the Store Gulch drainage experienced moderate to high soil burn severity that 
coincides with a previously mapped landslide (DOGAMI, 2017).  Observation of the mouth of the 
drainage revealed the presence of 15-foot high debris deposits (Figure 11), while a straight, high 
gradient segment indicates a high velocity stream.  Inspection of an upslope road crossing, however, 
showed no evidence of debris flow deposition (Figure 12), which could indicate that debris deposits at 
the mouth may be stream terrace deposits.  Review of LiDAR data also indicates that hydraulic mining 
likely occurred upslope, further modifying natural drainage patterns (Figure 13), which could provide 
sufficient source material for debris flow initiation.  USGS modelling indicates that the probability of 
debris flow occurrence in the watershed is 0.29. 

 

Figure 13.  LiDAR hillshade of the Store Gulch area, overlain with landslide hazard data from DOGAMI (2017).  The red 
shading indicates higher risk of landsliding due to a previously mapped landslide.  Also note the erosional features on the 
East portion of the drainage, which is interpreted to be past hydraulic mining. 



 
10 Taylor and Klondike Fires Burned Area Emergency Response (BAER) Geologic Hazards Assessment 

 

Figure 14. Results of USGS debris flow modelling indicating that the Fall Creek Trail has a 
higher probability for debris flow occurrence (0.3-0.7).  Also shown are mapped landslides 
(polygons with hachured lines). 

Fall Creek Trail 
Results of USGS debris flow modelling indicate that portions of the Falls Creek Trail has a probability for 
debris flow occurrence of 0.75 (Figure 14).  The lower portion of the trail traverses the base of steep 
tributaries capable of transporting debris flows to the bottom of the creek (Figure 15).  Other portions of 
the drainage show lower probabilities (0.30), but also coincide with a mapped landslide and high soil 
burn severity (Figure 16). 

 
Figure 15. View of the Fall Creek drainage from near the 
Kalmiopsis Rim.  View is generally northeast looking down 
into the drainage.  The steep, deeply incised east slope of 
the drainage is visible in the center of the photo. 

 
Figure 16. Headwaters of the Fall Creek drainage along the 
west slope.  Note the old burn scar from previous fires. 
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Identification of Emergencies from Potential Threats to Critical Values, 
and Treatment Recommendations 
FSR 2402 - Old Channel Mine 
In the vicinity of the Old Channel Mine, FSR 2402 could experience small landslides that are capable of 
plugging culverts and diverting flow over the traveled width of the road or fill slopes, causing road 
damage and/or failure.  The probability of damage or loss is possible (10-49%) due to observed recent 
landsliding, mapped landslides in the area, evidence of recent road repair, and a debris flow occurrence 
probability of 0.25.  The magnitude of consequences is moderate because repair would likely include 
significant economic and time costs, resulting in long term effects.  Therefore, the risk to critical values is 
considered intermediate, and treatment is not recommended. 

FSR 2500 - Lone Tree Pass 
Drainages along FSR 2500 from Lone Tree Pass to the West Fork of Taylor Creek show high potential for 
small volume debris flows, which are capable of plugging culverts and diverting flow over the traveled 
width of the road or fill slopes, causing road damage and/or failure.  The probability of damage or loss is 
possible (10-49%) due to observed channel geometries and recent channel instability, as well as a debris 
flow occurrence probability of 0.24.  The magnitude of consequences is major because repair would 
likely include significant economic and time costs, resulting in long term effects.  FSR 2500 is also a 
major connector road that provides ingress/egress for large portions of the east side of the Forest.  
Therefore, the risk to the critical values is considered high, and treatment is recommended.  Treatment 
should include storm proofing and storm inspection and response (ditch/culvert cleaning), and marking 
of culvert inlets so that they may be located should they become plugged and pond water. 

FSR 2500-224 
Portions of drainages along FSR 2500-224 experienced high soil burn severity and show high potential 
for small volume debris flows, which are capable of plugging culverts and saturating fill slopes, causing 
road damage and/or failure.  The probability of damage or loss is possible (10-49%) due to observed 
channel geometries, as well as a debris flow occurrence probability of 0.74.  The magnitude of 
consequences is minor because repair would not likely include significant economic or time costs, 
resulting in short term effects.  Therefore, the risk to the critical values is considered low, and treatment 
is not recommended. 

FSR 4103 and Store Gulch Campground/Day Use Area 
There is potential for small volume debris flows to plug culverts and divert flow over the traveled width 
of the road or fill slopes, causing road damage.  The probability of damage or loss is possible (10-49%) 
because the Store Gulch drainage experienced moderate to high soil burn severity over the majority of 
its length, which also overlaps a previously mapped landslide (DOGAMI, 2017), and experienced historic 
mining uplsope.  The magnitude of consequences is minor because debris flow volumes would be small 
and property damage would be limited in economic value.  Therefore, the risk to the critical values is 
considered low, and treatment is not recommended. 

Fall Creek Trail 
There is potential for small volume debris flows to initiate in the headwaters of drainages crossed by the 
Fall Creek Trail, which threatens property and human life and safety.  The probability of damage or loss 



 
12 Taylor and Klondike Fires Burned Area Emergency Response (BAER) Geologic Hazards Assessment 

is possible (10-49%%) because the Fall Creek drainage experienced moderate to high soil burn severity 
over the majority of its length, and has channel geometries sufficient to transport small debris flows to 
the bottom of the drainage where the trail is located.  The magnitude of consequences is moderate 
because injury to hikers would be limited due to exposure times involved with hiking on the trail, as well 
as the time of year debris flows are likely to occur (winter), in contrast with when users would be 
present (spring-fall).  Because the risk to the critical values includes human life and safety, it is 
considered to be intermediate, and treatment is recommended.  Treatment should include the 
installation of signage that would elucidate the risk of hiking to users. 
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