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Geology 
 
The Trough fire complex is located within the Franciscan formation, while the Vinegar 
fire is found within both the Franciscan and the South Fork Mountain Schist. These 
formations underlie a wide area along the western and southern boundary of the Shasta-
Trinity National Forest. South Fork Mountain itself extends north from Yolla Bolly 
Mountain to Bennett Peak, a distance of nearly 60 miles. Of the two formations the 
Franciscan forms the larger areal extent covering most of the area south of Cedar Basin. 
 
The eastern and northeastern contact of the South Fork Mountain Schist marks the 
boundary between two geomorphic provinces. The Jurassic/Cretaceous South Fork 
Mountain Schist is the easternmost formation within the Coast Range Geomorphic 
Province, and lies to the west of the Galice Formation, which is associated with the 
Western Jurassic Belt of the Klamath Mountain Geomorphic Province. These formations 
are separated by the regional Coast Range Thrust Fault. Nearly ninety percent of the 
sixty- mile long eastern slope of South Fork Mountain is occupied by South Fork 
Mountain Schist. 
 
The Schist consists primarily of tightly folded graphitic, quartz-albite-muscovite-chlorite 
schist, or mica-schist. These schists are gray to light –brown and exhibit well developed 
segregation banding which is defined by alternating bands of quartz-albite and chlorite-
muscovite-graphite which are aligned with the regional northwest-striking northeast-
dipping schistosity. 
 
South Fork Mountain is generally concordant with the structure of the underlying schist. 
The mica-schist is tightly folded into crenulations which in turn are broadly folded. Few 
in-place outcrops are found in the area but the overall foliation, as defined by fold axes, 
strikes northwest with a dip of approximately twenty-five degrees to the east.  
 
The South Fork Mountain Schist represents the dynamically metamorphosed equivalent 
of the Franciscan Formation to the west. The schist structurally overlies moderately 
metamorphosed Franciscan graywakes and greenstones. The contact between them is 
lithologically gradational over a distance of 200 to 1000 feet. The schist evidently is the 
product of high pressures resulting from the Coast Range plate thrusting under the 
Klamath plate. The schist represents the Franciscan material which was locally 
dynamically metamorphosed along the thrust fault. 
 
The Franciscan formation (also known as the Franciscan Assemblage includes altered 
volcanic rocks (greenstones), deep-sea cherts, greywake sandstones, limestones, 
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serpentinites, shales, and high-pressure metamorphic rocks, all of them faulted and 
mixed. 
 
Existing Mass Wasting Processes 
 
The dominant mass wasting processes are debris flows, slides, and avalanches and 
rotational/translational landslides (figures 1, 2, 3 and 4 below). The Slides Glade 
landslide on the Mendocino National Forest is the largest mass wasting feature in the area 
at approximately 300 acres and two mile long (figure 1).  
 
 

 
 

Figure 1. The Slides Glade Landslide on 
Mendocino N.F. Mt. Linn in background. 

Volume of sediment delivered to Slides Cr.  
estimated at 35,000 cyds in 1996 
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Figure 2. Active mass wasting depicted in yellow. 
 

Debris slides and avalanches are generally confined to the shallow soil or colluvium 
zone. The basal failure surface commonly corresponds to the bedrock/soil interface and 
usually is no deeper than a few feet below the surface. There is a complete gradation 
from debris flow to debris slide to debris avalanche depending on water content, cohesion 
of material and slope steepness. Generally, debris slides have slump blocks at their head 
and the slide mass becomes more broken toward the foot of the slope. Movement rates 
are slow to moderate. In contrast, debris avalanches generally fail quite rapidly, with 
substantial disaggregation of the slide mass and some liquefying and water entrainment 
as the mass moves down slope. 
 
Within the study area, debris slides and avalanches occur on slopes generally greater than 
sixty-five percent, generally along the margins of active drainages. They generally range 
from 10 to 1,000 cubic yards along second and third-order tributaries. Root support is 
very important in the stability of debris slide prone slopes. Failure planes are frequently 
shallow and well above the rooting depth of common forest vegetation. Therefore fire 
activity which destroys vegetation can be detrimental especially three to five years after 
the event as roots begin to decay.1 

                                                 
1 Gray, D., The Role of Woody Vegetation In Reinforcing Soils and Stabilizing Slopes. Symposium of Soil 
Reinforcing and Stabilizing Techniques in Engineering Practice, Sydney Australia. 1978. Effects of Forest 
Clear-Cutting on the Stability of Natural Slopes: Results of Field Studies. Interim Report , NSF Grant No. 
GK-24747, 119p. 1973. 

Long Ridge 



Burned Area Emergency Response Geologic Assessment for Yolla Bolly Complex – September 2008 

 
Debris flows are common in low-order 
mountain watersheds. These are rapid 
movements of water-charged soil, rock and 
organic material down high gradient stream 
channels. They are generally initiated during 
extreme discharge events by a streamside 
debris avalanche which enters a channel and 
entrains organic debris and sediment through 
scouring as it moves downstream. The torrent 
continues to flow and scour until it reaches a 
lower gradient stream reach or meets a 
significant obstruction. When its momentum is 
lost, the slide material is deposited within the 
channel.  
 
The major factors which control the occurrence 
of debris flows are: (a) the stability of adjacent 
dormant debris avalanches (b) the quantity and 
stability of organic debris and sediment in the 
channel (c) the peak discharge characteristics of 
the channel and (d) the channel steepness. 
 
Fire can have a significant effect on the 
occurrence of debris flows through disturbance 
of debris slide prone slopes leading to the 

increased occurrence of debris avalanches, increased peak discharges, culvert failures, 
and fill failures.  
 
A valley inner gorge is defined as the unbroken slope adjacent to a stream channel which 
has a slope gradient of sixty-five percent or greater. Debris sliding and avalanching which 
are the dominant mass wasting processes in this zone are both the result of recent 
oversteepening of the valley inner gorge zone from stream incision and secondly the 
result of activation of rotational-translational slides which toe out in the inner gorge. 
Many active slides are present in this zone which, although occupying a minor portion of 
the total watershed area, contributes vast quantities of sediment to the rivers to the South 
Fork of Cottonwood Creek and Trinity River. 
 
A tributary inner gorge is similar to the main inner gorge zone except on a smaller scale. 
Nearly all tributary streams within the study area have inner gorges. Debris slides and 
avalanches triggered by stream incision are primarily responsible for the formation of this 
zone. Additionally, debris torrents have contributed to the scouring of channels and 
undercutting of the channel banks.  
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Figure 3. Burned ancient rotational landslide within Trough fire 
 

 
The tributary inner gorge zone often extends to midslope into the second-order 
tributaries. Incisement is not as great at midslope but the side slopes maintain their steep 
angle. The potential hazard in this zone is lower than that of the main inner gorge zone 
due to the shallower incision which allows less rotational slide failure planes to surface. 
Stability hazards in this zone are still great. 
 
The long-term effect of wildfire is often a decrease in slope stability. Tree mortality on 
steep slopes can lead to accelerated creep rates and increases in mass wasting. This is due 
to wetter conditions on these slopes due to lessened evapotranspiration and a loss of root 
strength from stump root decay. Healthy tree roots may increase soil shear strength two 
to four times and greatly increase slope stability by providing a continuous long fiber 
adhesive binder to the entire slope soil mass. Roots can also penetrate a shallow soil to 
reach into fractures and joints in bedrock, thereby anchoring the soil mass. This 
strengthening mechanism is lost within three to five years after timber is harvested.  
 
The cumulative impact of wildfire on a particular area depends on slope, aspect, geology, 
soils, rainfall, and severity of burn. The net effect on long-term productivity in the more 
stable areas is probably minor, while in other areas the result can be a significant long-
term decrease in site productivity. 
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Trough Fire 
 
Current Conditions 
 
This fire severely burned plantations on north facing slopes immediately north of 
Rainbow Ridge. These were situated upon ancient rotational-translational landslides 
(figures 3 and 4).  
 
 

 
 

Figure 4. Arrows indicate locations of ancient landslides 
 
Creek incision into these former plantation areas has created moderately deep inner gorge 
morphology (figure 5 below). Recent soil creep and sliding is also apparent within at 
least half dozen locations just below roads 27N27 and 27N02 potentially jeopardizing 
these roads (figure 6, next page). 
 
 

 
 

Figure 5 
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Inner gorge slide

Debris Flow

 
Figure 6 

 
Field reconnaissance indicates the area overall to pose a moderate to high risk of mass 
wasting hazard. Small recent activity is in evidence in some locations (figure 6). 
 

 
 

Figure 7. Recent landslide (arrow) below road 27N27 in section 16.  
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Projected Future Conditions and Recommendations  
 
Landslides of the size of those of recent past can be expected to continue. Slides along 
and below roads 27N27 and 27N02 are expected to expand this winter jeopardizing these 
roads. Values at risk are damage roads, site productivity and stream sedimentation. No 
structures are located below. This area should be replanted with conifers and roads 
repaired and installed with larger culverts. 
 

Vinegar Fire 
 

Long Gulch/Sanford Ridge 
 
High burn severity locations in the Long Gulch/Ridge-Sanford Ridge areas were 
inspected. Outside the inner gorge no mass wasting features have been mapped in this 
area (figure 2). Slopes within these slopes generally range below sixty-five percent 
(figure 8) except within some isolated locations. Some debris sliding and flows can 
therefore be expected within these latter locations. No mass wasting mitigation treatments 
are proposed for this area. 
 

 
 

Figure 8. Slopes greater than sixty-five percent (purple) 
within the severely burned areas (red) of Long Gulch and 

Sanford Ridge. 
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Plum Garden 
 
This area burned severely and demonstrates a history of debris flows (figure 9). 
 

 

 
 

Figure 9. Debris flow/inner gorge areas in yellow. 
 

Slopes adjacent to tributary creeks as well as those adjacent to Cottonwood Creek 
demonstrate slope angles greater than sixty-five percent (figure 10). Debris flows and 
slides could occur at these locations. This area is immediately upstream of the confluence 
of Slides Creek however. As already mentioned this area is already a large contributor of 
sediment to this creek. 
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Figure 10 


