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Figure 3:  LiDAR generated 10 foot hillshade product of 
the Little Salmon fault zone.  Yellow strike and dip symbols 
  are from published reports, red strike and dip symbols are
     interpreted from the LiDAR data.  Structural data from
        Ogle, 1953; CGS 1999; Oswald and others, 2006.

LiDAR topography and hillshade
product courtesy of PALCO, 2007

Southern Humboldt Bay

Deformed Fluvial Terraces at Root Creek: Implications for the Deformation along the southeastern extent of the Little Salmon Fault Zone

                                                                Abstract
The Little Salmon fault (LSf) is an active, upper plate fault at the southern end of the Cascadia Subduction Zone (CSZ). 
The LSf extends on-shore as the primary northwest striking thrust fault of the southern CSZ fold and thrust belt. 
Along its eastern extent, the fault strikes more east-west and is mapped as both truncating against and offsetting the
Coast Range Thrust. Research suggests the south eastern end of the fault is located near the transition of CSZ related 
contraction and dextral shear of the northerly migrating San Andreas fault system. This transition creates complex 
structural relations and uncertainty in the mapping of the south-eastern end of the LSf.  Recent investigations in the 
Root Creek area help further constrain the activity and kinematics of the south eastern termination of the LSf. Recent 
tectonic activity is manifest as uplifted flights of youthful fluvial terraces, a folded and faulted strath, and fault 
preserved coseismic colluvium. Fault striae demonstrate deformation of a youthful strath along northwest striking right 
oblique faults. Stratigraphic evidence suggests the most recent faulting event offset the active channel and backfilled 
river gravels and debris flow deposits against the scarp. A large, deep-seated landslide complex upstream is the likely 
source of preserved colluvium.  We map the deformation at the mouth of Root Creek extending southeast along the Root
Creek drainage as a series of northwest striking lineaments and faults. The zone of faults and lineaments is south and 
parallel to the mapped trace of the LSf. We propose that faulting along Root Creek is part of a broad zone of 
deformation at the southeastern end of the LSf. This zone of deformation links CSZ related contraction to the northerly
migrating dextral shear of the San Andreas fault system.Figure 1.  Generalized fault map of northern California with the Little 

Salmon fault zone highlighted in blue.  Red faults are identified as having 
Holocene activity.  CSZ, Cascadia subduction zone; SA, San Andreas fault 
zone; MA, Maacama/Garberville fault zone; BS, Bartlett springs/Lake 
Mountain fault zone; MRFZ, Mad River fault zone; RF, Russ fault; FCSZ, 
False Cape shear zone; ER, Eaton Roughs fault zone; GF, Grogan fault; LS, 
Little Salmon fault; MF, Mendocino fault.  Fault data from (Jennings, 1994)
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Figure 4.  Photo mosaic of the exposed outcrop on the left bank of the Van Duzen River near Root Creek, selected observations labeled and discussed in text, The strath terrace is both folded and faulted.  Faults with striae are plotted and interpreted using Faultkin v 4.3.5, Almandinger 2006  

Figure 5.  LiDAR generated topography of the Root Creek area showing proposed faults and delineating 
the flight of fluvial terraces. Streamside exposure is shown in green and is detailed in Figure 4.  The 
contour interval is 2‛ superimposed over a 10‛ hillshade product.

Figure 6.  Oblique view looking east up the Van Duzen River valley.  The toe of Chalk Mountain 
landslide (center) forms a narrow gorge that separates alluvial segments of the Van Duzen 
River.  A series of sackungen define the main scarp of the Chalk Mountain landslide along the 
ridge between the Van Duzen River and Root Creek.  Image generated using 10 ft. LiDAR 
hillshade product.   

Tectonic model explaining the faulting at Root Creek
We explain the tectonic deformation at Root Creek using a simple block model that incorporates the northward migration of the Mendocino triple junction and westerly impingement of the 
Klamath Mountain terrane.  This simple model also explains other structural phenomena including the high uplift rates in the Cape Mendocino area and juxtapositioning of regions with different structural
fabrics in Northern California.  The long term slip rate of the three major fault systems decreases to the east resulting in three separate blocks translating into the southern Cascadia Subduction zone.  
The Pacific plate, and hence the CSZ, is moving northwest at full speed, the other tectonic slivers to the east are essentially “dragging” behind.  This results in the San Andreas fault system advancing 
into the southern Cascadia Subduction zone as a wedge tapering to the east. We propose that differential slip along faults bounding these “tectonic slivers” is accommodated as north-south compression at the 
southern end of the Eel River basin and as northwest shear to the east. This is consistent with modern geodetic studies (Williams et. al., 2006), and observed structural data.  Root Creek lies at the boarder of 
Structural domains B, C, & D (Figure 7).  This is in th egeneral vicinity where the north-south compression gives way to northwest directed shear as this model would predict.  In our model, the Klamath mountains 
also influence the structural deformation in the MTJ region as the Franciscan Complex is driven northward against the pre-Cenozoic rocks of the Klamath Mountain terrane which may be acting as a regional northwest 
trending buttress.  Modern geodetic surveys suggest the Klamath terranes may not be a static buttress but may be impinging westward into the southern CSZ (Williams & others, 2006).

Faults and folds around the Mendocino triple junction, particularly ones within, and bounding regional Tertiary stratigraphy, define juxtaposed regions that have differing structural fabrics (Figure 7). 
We propose these are a manifestation of the interaction of the migration of the MTJ and the Klamath Buttress, these regions are defined as such: 
  a)    This area is dominated by the fold and thrust belt of the CSZ characterized by northwest striking, northeast dipping thrust faults.  Deformation of this area is accommodated on several 
   imbricate fault systems that change strike to a slightly more northerly orientation to the northeast.
  b) This area includes the southern Eel River basin between the Russ fault and the Little Salmon fault (LSF).  The Russ fault strikes N80W at the coast and arcs southward to the east.  The LSF 
   generally strikes NW at the northwestern and south eastern ends, with a WNW central zone.  This domain is essentially acting as a single block with the southern boundary being a northward dipping 
   monocline and the entirety of the domain being consumed by the LSF along the northern margin.
      c) Poorly constrained NNW structural fabric defines the majority of this area, to the south there are a series of north trending fault zones that form a right step from the Bartlett springs fault zone to 
   the Eaton Roughs fault zone.  This domain is poorly defined as mapping of this area is minimal and extremely difficult due to a lack of youthful cover sediments and a general lack of accessibility. 
  d) South of the Mendocono Triple junction and north of 40 degrees latitude the structural grain of the eastern two of the fault systems changes from well defined fault zones roughly trending  N35W to a more diffuse 
   differentially oriented structural grain. This is particularly noticeable of the Maacama/Garberville fault zone which projects northward towards the Eel river valley as a zone of northwest faults that curve westerly to 
   the coast as a series of east-west striking faults.  These faults define an area of highly sheared and shortened crust knkown as the False cape shear zone.  The Maacama Fault zone also has a northern bifurcation 
   which manifests as a zone consisting of a series of relatively short, right stepping faults that project towards the southern Little Salmon fault zone near the trend of the coast range thrust.  The Bartlett springs/Lake mountain 
   fault zone also makes a right step along a north-south trending fault zone into the Eaton Roughs fault zone near 40 degrees north latitude.  The mapped trace of the San Andreas fault appears to trend more northerly as it approaches 
   40 degrees north latitude, resulting in a convergent fault geometry with the Maacama fault zone before curving offshore.
  e) South of the Mendocino triple junction, and south of 40 degrees latitude, the San Andreas Fault system is mapped as three well defined fault zones trending approximately N35W, from west to east they are 
   the San Andreas, The Maacama/Garberville, and the Bartlet springs/Lake Mountain Fault zones.  The three fault zones are shown to have increasingly higher slip rates from east to west Williams & others, 2006).

 

Geologic Setting
Root Creek defines the eastern extent of the contiguous Neogene sediments of the Eel River basin. The local Neogene sediments are the Wildcat Group 
of Ogle (1953), consisting of marine and non-marine sandstone, siltstone, mudstone and conglomerate.  The Wildcat Group is differentiated into deep 
marine, shallow marine, and nearshore/fluvial sedimentary sequences in some areas, but is locally not differentiated (Figure 2).  The Wildcat Group 
sediments locally overlie the middle to late Eocene Yager terrane, which represents the final episode of continental shelf and slope deposition associated 
with the Franciscan Complex (McLaughlin et al., 2000).  Regionally the Yager terrane is highly folded, faulted, and sheared  but does contain local areas of 
Structurally coherent blocks.  The Yager terrane is faulted along its entire base and only depositionally in contact with younger strata. (McLaughlin et al., 2000).  

The study area is located at the eastern termination of the southern limb of the Eel River syncline, which folds the Neogene strata of the Wildcat Formation 
(Ogle 1953).  Uplift of the southern limb of the Eel River syncline has resulted in a northward regional dip in the Wildcat strata.  The northward regional dip
extends 40 kilometers inland from the coast to just west of Root Creek.  The erosion of dipslope strata in the southern limb of the Eel River syncline forms 
hogbacks and cuesta ridges along the steeply to gently dipping slopes forming the south bank of the Van Duzen river.  Regionally, the northern limb of the Eel 
River syncline is truncated by the Little Salmon and Yager faults.

The Little Salmon fault (LSF) is one of the best documented and characterized faults in northern California and clearly exhibits Holocene activity (Figure 3).  
The bulk of the mapping and fault zone characterization has taken place along the northwestern portion of the fault.  To the southeast, the LSF strikes more
 east-west and detailed characterization of the fault has been limited to regional mapping (Figure 2).

Terrace Stratigraphy at Root Creek
The exposure crops out along the left bank of the Van Duzen River and consists of a strath terrace cut into steeply dipping Wildcat sediments, capped by a 
series of alluvial units.  Figure 4 shows a photograph mosaic of the exposure.  The strath terrace is deformed such that it is exposed for 720‛ before it 
descends from view beneath the river level on both ends.  
The alluvial sediments capping the strath can be broken into 3 units based on textural differences and cross-cutting relationships.  
Unit 1- consists of a basal conglomerate always in contact with the strath.  It is usually clast supported, well-rounded, cobble. This unit is discontinuous and 
appears to have been stripped from significant portions of the outcrop.  
Unit 2- is found throughout the exposed outcrop capping both the strath and unit 1. It is predominantly a matrix supported, heterogeneous mixture of sub-
rounded to sub-angular boulders, cobbles, and pebbles in a fine grained matrix.  The deposit generally lacks internal fabric or well-defined sedimentary 
structure.  
Unit 3 is only found capping unit 2.  It is a medium brown silt that blankets the entire exposure.  The contact between unit 2 and 3 varies from relatively sharp
to diffuse.  The modern forest is rooted in this deposit.  
We interpret this stratigraphic sequence to represent a large debris flow or closely spaced series of flows over-riding and stripping the 
strath.  A likely source of the debris flow is the Chalk Mountain landslide complex within the steep gorge east of Root Creek(Figure 6).  This landslide was 
thought to be earthquake induced (Oswald, 2003). 
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Structural Geology of the Root Creek Exposure
The Wildcat sediments exposed at Root Creek are pervasively fractured and faulted throughout the outcrop.
All the shears, faults, and fractures demonstrate a strong northwest strike and dip steeply southwest and
northeast around a central near vertical zone of faults and shears.  Two zones of densely-spaced fracturing 
and shearing separate the least deformed bedrock near the center of the exposure. The easternmost fault 
shows about 2 meters of vertical separation of the strath surface across a southwest dipping reverse fault.  The
alluvial units above the strath do not appear faulted (Figure 4).  The density of fractures and micro-faulting gets 
more concentrated near the eastern trace that offsets the strath.   In the center of the exposure, a vertical 
to steeply north dipping fault delineates the second area of dense fracture patterns.  The fault does not appear 
to clearly offset the strath but defines an area of subtle down-warping to the west.  The western end of the 
exposure is cut by numerous high angle north dipping faults.  The strath surface rapidly plunges below a bank 
slump and young terrace gravels to the west.  The eastern and central densely fractured zones also coincide 
with zones of pervasively sheared rock and clay fault gouge.

A limited number of the exposed faults have striations on them suggesting slip direction orientation.    We 
recorded 6 striae measurements east of the eastern fault trace and 4 striae measurements on faults 
within and west of the central zone (Figure 4).

All of the faults with striae data are plotted on an equal area stereonet (Figure 4).    The fault data show
a change in rake of the striae coincident with a change in the dip of the fault.  The eastern fault trace 
contains a series of closely spaced south dipping faults with steeply dipping striae.  The central area  
contains steeply north dipping gouge and faults with horizontal striae.  The western end of the exposure is 
cut by a series of north dipping faults with low angle striae.  A P-axis solution is shown for the eastern and 
western fault sets and shows reverse motion on the eastern faults and right-oblique along the western faults.

A single P-axis solution made for the entire fault set indicates north-south directed contraction with a 
small right oblique component (Figure 3).   

Introduction
This poster presents the results of regional bedrock and geomorphic mapping between the Van Duzen and Eel Rivers, and an investigation of a 
riverbank exposure along the Van Duzen River. The geologic and geomorphic mapping was conducted over a broad area between the Van Duzen and Eel 
Rivers, primarily in the Shively and Root Creek areas of northern California.   Root Creek is a tributary to the Van Duzen River.  Root Creek extends 
southeast from the Van Duzen River in a broad, relatively low relief valley.  The eastern extent of the Root Creek watershed closely follows the 
contact between the Yager terrane and Wildcat Group.  This region is near the boundary of the northern San Andreas fault system and the southern 
Cascadia subduction zone (Figures 1 & 2).

Figure 2.  Composite geologic map of the Cape Mendocino area.  The Little Salmon fault zone is 
highlighted in blue.  Redlines represent newly mapped faults from this investigation.  Yellows are 
Holocene/Quaternary alluvium (Qal), Earth tones are Wildcat Group (QTw), pale green is Yager 
terrane (TKy), Darker greens are coastal belt terrane of the Franciscan Formation (TKfs), and 
pinks are central belt terrane of the Franciscan Formation (KJfs).  Map data from: Mclaughlin 
et al., 2000; CGS, 1999; Kelsey and Allwardt, 1987; Ogle, 1953. 

Conclusions: 
1)   Recent mapping of latest Pleistocene fluvial terraces and deformed Pliocene/ Pleistocene cover sediments; suggests the south eastern segment of the Little Salmon fault 
 zone exhibits faulting characteristics consistent with north-south shortening accommodated as dextral contraction on northwest oriented faults
2)   Faults and folds within and bounding regional Tertiary stratigraphy define juxtaposed regions that have differing structural fabrics
3) We explain the tectonic deformation at Root Creek as well as the region aroound the MTJ using a simple block model based on the northward migration of the Mendocino triple junction and westerly impingement of the Klamath Mountain terrane. 
4)   The partitioning of Pacific Plate-North America Plate motion on three fault zones with decreasing slip rates to the east forms an eastward tapering wedge of resulting in east-weat oriented fabric of highly sheared and shortened crust that extends 
 from the coast east to the Root Creek study area.

A
B

C

Figure 7.  Generalized structure map of northern
California, color shading represents areas of 
different structural fabric.  The Little Salmon 
fault zone is shaded in blue on the boundary of
areas A & B.  The approximate boundary of the 
Klamath Mountain province is delineated with the 
blue dashed line.
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