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Purpose 

The geologic survey focused on identification of risks posed by landslides and debris flows. This 
was based on landslide activity being not uncommon within the burned areas. Determining if 
and how the fire modified the existing geologic hazards was the guide in the investigation. 
The observations made during on-the-ground surveys were analyzed with information provided 
by previous geologic and geomorphic mapping, the BARC burn severity maps, and aerial 
photography. 
 
The survey work benefited greatly from information provided by geologist Don Lindsay of the 
California Regional Water Quality Control Board and the assistance of geologist Glen Gordon of 
the California Department of Water Resources, Division of Planning and Local Assistance. 
 
Areas of Investigation 

The fires of Motion, Moon, Deerlick, Deadshot, Noble and Telephone comprise an area from 
east to west of distinctly diverse geologic terrain which act to produce individual geomorphic 
processes and stability hazards. A short review of the geologic composition is thusly warranted. 
 
 

Motion 

The “Motion Fire” area is a highly complex geologic area composed of deposits of Holocene 
age, as well as the Bragdon, Balaklala rhyolite and Copley Greenstone formations.  
 
Three types of deposits are distinguished: alluvium, colluvium and landslide deposits. Little 
residual soil remains on the higher slopes, but in places these slopes are covered with rock debris 
or with a thin layer of soil.  Alluvium for the most part is limited to valleys and to low foothills. 
Areas in the higher foothills and mountains are covered with a mixture of coarse and fine rock 
debris that contains enough soil in the interstices of the rocks at many places to support a dense 
growth of chaparral.  These areas are particularly common on north-or east-facing slopes 
 
The Bragdon formation is composed predominantly of shale but can contain conglomerate and 
sandstone.  
 
The Balaklala rhyolite is a group of light-colored rhyolitic flows and pyroclastic rocks, the latter 
forming about one-fourth of the formation. This formation has been important in the local 
mining history and its impacts since all known base-metal ore bodies of the local mining district 
are in the Balaklala. 
 
In areal extent the largest formation comprising the area of investigation is the Copley 
greenstone also known as the Copley meta-andesite. The Copley consists chiefly of fragmental 
and nonfragmental mafic lava and mafic pyroclastic rocks. Blocky lava grades into massive lava 
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and into coarse volcanic breccia in other places.  Likewise, coarse pyroclastic rocks grade into 
fine pyroclastic rocks. 

 
Geomorphology 

Some lower slopes of this area have accumulated rock debris and soil in some cases tens of feet 
thick.  The unstratified deposit is composed of rock fragments as much as one-foot in diameter in 
a matrix of red soil.  This unusually thick mantle was formed by colluviation and rainwash from 
the higher slopes, many of which now are bare.  The eroded material aggraded lower slopes, and 
the increased runoff on the denuded upper slopes accelerated the process (see note below).   
 
Landslides and debris flows are a common feature of the area because the walls of the gullies 
and the canyon slopes along most of the streams are over-steepened. These range from small 
mudflows and slumps along gullies to large debris slides, flows, and landslides.  Slumping 
occurs along over-steepened drainage areas where the soil and subsoil cover is deep or where the 
rocks are soft and deeply weathered.  Slides and sheet wash commonly supply much debris to the 
streams during the rainy season; larger slumped areas cause temporary dams across the streams, 
and the breakdown of the loose damming material has caused some disastrous floods in some 
canyons in the past.  The canyon side of an old terrace level, where it has been over-steepened by 
Holocene stream erosion, is a “favorite” place for a landslide. Gully erosion is widespread 
especially in the northeastern one-third of the area where almost every draw is occupied by an 
active mass wasting feature (which amounts to literally thousands). A large part of the gullying 
was initiated or greatly accelerated by the removal of the timber for mining purposes and 
the destruction of timber, brush, and grass cover by fumes from heap roasters and smelters 
during the early mining operations1.  
 
Most of the streams are cutting narrow “V”-shaped canyons at the present time but where bodies 
of harder rocks have impeded downcutting a few streams have reaches with a low gradient and 
locally some gravel fill.  In an area where there are a few large perennial streams but many small 
ephemerals that run only in the rainy season the difference in topographic expression between 
the two types is noticeable.  The large streams at some places cut more rapidly than the 
tributaries, and the latter have discordant junctions.   
 
Historically the area has included many mines that have been productive, and many prospects. 
The ore consists of large bodies of massive pyrite that contain copper and zinc sulfides and 
minor amounts of gold and silver.  The ore bodies have been mined primarily for copper and 
zinc, although massive pyrite has been mined at the Iron Mountain mine for sulfur.  Only the 
Iron Mountain mine has been operated continuously in recent years. 
 

                                                 
1 The smelter built by the Mountain Copper Co., Ltd. began operations at the town of Keswick on the Sacramento 
River in 1896, and at the peak of its operations in 1904 was treating 1,000 tons of ore per day. The sulfur content of 
the Iron Mtn. Ore was first reduced by heap roasting in piles of ore that were scattered along the railway and fired by 
cordwood. As much as 350,000 tons of ore was burning at one time in heaps, before charging into the blast furnace. 
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Geologic Hazards 

Many attempts have been made in the past century to mitigate the impacts of local soil erosion 
and mass wasting ranging from small channel structures to large debris flumes and catch basins.  
Within this fire area any increased landslide activity will represent just a continuation of 
an existing process.  It is more likely than any increased landslide activity will be manifested as 
shallow soil movements that are less than an acre in size and involve displacements at depths of 
a few feet below the ground surface. There is unlikely to be any significant movement as a result 
of fire activity where large landslides have been mapped. The occurrence of shallow soil 
landslides may increase slightly however due to the burned slopes. These slope movements are 
especially likely to initiate from natural swales at the heads of 1st order channels.  It is expected 
that the burned watershed would experience an increase in frequency of this naturally occurring 
process. The material from these shallow slope movements will be conducted into the canyon 
drainages adding to the already abundant soil and rock material present within and along the 
channels. 
 
It should be noted that debris flows, unlike sediment-laden water floods, are capable of traveling 
significant distances from their point of initiation. This long runout is all the more hazardous as 
this mass wasting type is a slurry of soil, rock and water capable of carrying large boulders and 
rocks and delivering impact force capable of sweeping bridges off their foundations.  
Additionally, debris flows travel relatively rapidly. These characteristics indicate that flows can 
pose a significant threat to any vehicles and personnel present in the canyon bottom where a 
debris flow is passing through. Debris flows are unlikely to be passed successfully through 
culvert pipes or other typical drainage structures. At the least debris flows tend to plug and 
render these structures inoperable.  Therefore, canyon roads within the fire area are at increased 
risk of damage to their drainage structures. This is especially true along the Coram road. The 
large concrete box culvert located alongside the OHV staging area should also be cleared of 
vegetation currently growing within to allow for unobstructed passage of any flow material 
(Figure 1). There is a long “runout” distance at this location between any geologic hazard 
initiation sites upslope and any resources at risk.  The runout distances are defined as the slope 
lengths where the slope gradients are gentle (17-27 percent or less) and are several hundred feet 
long before reaching the resources at risk. The longer the runout distance the lower the risk of 
consequences. 
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Figure 1. Large concrete box culvert chocked with vegetation. 
 
 
Summary 

The areas affected by the Motion fire are generally underlain by competent bedrock with a thin 
mantle composed of colluvium.   Thicker sediment deposits occur within hollows and along low 
order swales and are the site of concentrated mass wasting activity and accelerated surficial 
weathering processes, including debris slides and riling.  
 
The mass-wasting and surficial erosion occur through natural processes that have been 
accelerated by past mining activity. It is surmised that the effect of the Motion fire has increased 
the likelihood of damaging geologic events occurring but relatively only somewhat higher over 
background levels because most of this area burned light to moderate intensity. Most areas at risk 
are to be found along canyon roads.  The actual occurrence and magnitude will be dependant on 
the storm events in the upcoming winter season. 
 

Moon 

The eastern four-fifths of this burn area is composed of rocks of the Shasta Bally Batholith.  The 
remaining area to the west is comprised of the Abrams Mica Schist of the Klamath Mountains 
Central Metamorphic Belt. Small portions of marine sedimentary rocks of the Chico formation 
can be found in the extreme south.  
 
Quartz-diorite comprises the Shasta Bally batholith. These rocks tend to form steep slopes in 
excess of sixty percent in the northern half of the fire affected area. Headwall basins and 
colluvial hillslopes are the dominant geomorphology although areas of deep-seated landslides are 
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occasionally encountered. Colluviation, debris slides, flows and torrents are the predominant 
mass-wasting processes in this area and are wide spread throughout the landscape. 
 
The upper reaches of this area burned the most intensely. Steep slopes, rocky soils and southern 
exposures have made the establishment of trees difficult in these areas. Chaparral is the common 
vegetation.  Slopes are greatly reduced in the southern half of the affected area where fluvial and 
mass-wasting depositional processes predominate.  
 
A fault zone of serpentinized peridotite separates the Shasta Bally batholith from the Abrams 
Mica Schist to the west. The Abrams is predominantly metasedimentary rock and includes 
quartz-mica schist, micaceous marble, and minor intercalated amphibolite. This formation tends 
to form deep-seated landslides and debris slides in the upper (northern) steeper reaches of the 
affected area or eroding hillslopes in the southern portion where slopes average about 40-50 
percent. 
 
Geologic Hazards 

Potential hazards from debris flows were identified in all canyon locations.  The southeast 
portion of the burned area (the Buell and Rector Creek road areas) was closely inspected due to 
the occurrence of structures in this area.  An on-site inspection revealed that residences were in a 
topographic position sufficiently high that these should not be adversely affected. Due to the 
generally low intensity of the fire in this area any increased landslide activity will represent a 
continuation of an existing natural process.  
 
The gradient and vegetative cover along a stream channels will control the failure potential of 
shallow surficial failures and the down gradient depositional processes during a particular flow 
event. Vegetation along over steepened channel slopes can reduce shallow failure potential by 
providing root cohesion.  Moreover, entrained large woody debris can help to slow smaller 
debris flows.  This combined with changes in stream channel gradients (usually less than 27 
percent) and morphology (e.g. non-channelized/constrained) promotes sedimentation and 
reduces the destructive capability of debris flows. 
 
A review of the burned area indicated that the riparian zones within the main channels were not 
severely burned; thus, the loss of root strength and recruitment capability of large woody debris 
in the event of a debris flow was not significantly adversely affected. This low intensity burn of 
the riparian zones combined with the long distances of low gradient ground separating areas of 
development within the Cottonwood Creek watershed should provide sufficient opportunities for 
destructive slide generated debris to deposit.  
 
An active (several hundred cubic yard landslide) was identified at the base of an older age 
(several million cubic yard) landslide at approximately the 4,800 foot elevation in section 14 
(T.31N.R.8W) at the head of an unnamed tributary stream to Rattlesnake Creek. This is at the 
base of an intensely burned area immediately south of Bully Choop. A failure of this landslide 
has the potential to impact the creek at this location (Figure 2). 
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Figure 2.  Landslide (arrow) obscured by hill in middle ground.  
 
 
Summary 

The areas affected by the Moon fire are largely underlain by the Shasta Bally Batholith and the 
Abrams Mica Schist. The Abrams Mica Schist exhibits a range of mass-wasting potential, from 
isolated shallow debris slides within headwall swales to deep-seated, rotational slide complexes 
with varying degrees of re-activation.  The mass-wasting character of areas underlain by the 
Shasta Bally Batholith is dominated by shallow debris slides occurring along over-steepened 
channel slopes and in headwall swales.  
 
Values at risk include mid-slope roads and a reduction in water quality within the main 
tributaries of Cottonwood Creek.  Due to the low intensity burn within the riparian zones and the 
long run-out distances the destructive capacity of debris flows that are initiated in the more 
intensely burned slopes high in the watershed will unlikely pose a risk to down stream 
development. 

 
Deerlick/Deadshot 

This fire area is located within the Chico formation of the Great Valley sequence, the Abrams 
Mica Schist and the eastern Hayfork terrane of the Klamath Mountains geomorphic province 
(east to west). The latter two units have been previously described. The eastern Hayfork consists 
of chert, argillite, sandstone, and some limestone and tuff. The dominant geomorphic processes 
in this latter unit are deep-seated landslides, debris slides and flows, alluviation, and colluviation. 
 
A survey of this area revealed no geologic threats as a consequence of the fires. 
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Noble 

The Noble fire is located predominantly upon the Hayfork terrane previously described. A thrust 
fault zone separates the Hayfork terrane from the Rattlesnake Creek terrane to the south. Beegum 
Creek is essentially congruent with this fault zone. Predominant geomorphic processes are: 
eroding hillslopes, debris slides and flows colluviation and alluviation.  
 
Potential geologic hazards from debris flows had been previously mapped at three locations 
along road 29N06 in Section 1 (T.28N.R.9W) and Section 31 (T.29N. R.9W). The latter location 
discharges into Zachary Creek and the two former into Beegum Creek. Debris flows are unlikely 
to be passed successfully through culvert pipes since these are undersized (Figure 3). At the least 
debris flows tend to plug and render these drainage structures inoperable. 
 
Subsequent field observance for this review found these areas not to present a danger from 
debris flows.  Increased sheet flow may still pose and increased risk to these locations. 
 

Figure 3. 
 

 
Telephone 

The area comprised of the Telephone fire burn area is located within the Hayfork terrane on the 
east and the Rattlesnake Creek terrane on the west.  A major thrust fault separates these two 
distinct geologic terranes and is congruent with Salt Creek.  The Rattlesnake Creek terrane is a 
melange consisting at this location of mafic volcanic rocks, blocky peridotite, and serpentinite. 
Also found within this area are alluvial and landslide deposits. The Hayfork terrane has been 
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previously described. The dominant geomorphic processes are: deep-seated landslides, 
colluviation, and alluviation.  
 
No conditions resulting from the fires were found that posed a geologic threat. 
 
 
 
/s/Abel Jasso 
Forest Geologist 
Shasta-Trinity National Forest 
August 5, 2008 
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Geologist 
South Regulatory Unit 
California Regional Water Quality Control Board 
Engineering Central Valley Region - Redding Office 
 
Glen Gordon, Geologist 
California Department of Water Resources 
Division of Planning and Local Assistance  
Red Bluff, California 


