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1.0

Introduction

This report presents the results of a fault rupture hazard evaluation conducted by SHN Engineers &
Geologists for a large undeveloped parcel (Assessor’s parcel number [APN] 307-031-052) on top of
Humboldt Hill, south of Eureka, California (Figure 1). It is our understanding that the property is
to be subdivided and developed with single-family residences. This study was conducted in
conjunction with a similar investigation on an adjacent property to the east. The results of that
study are presented in a separate report.

1.1

Project Location

The study area is a 96.5-acre undeveloped parcel consisting of open pasture that is currently used
as a cattle ranch (Figure 2). The area is directly south of the currently developed residential
neighborhood atop Humboldt Hill. Access is by means of the south end of Humboldt Hill Road.
The site is located within Sections 20 and 21, T4N, R1W, Humboldt Base and Meridian of the U.S.
Geological Survey (USGS) 7.5-minute Fields Landing quadrangle.

1.2

Purpose and Scope of Investigation

The entire study area is located within an Alquist-Priolo Earthquake Fault Zone as designated by
the State Geologist (Figure 3; Wills, 1990; CDMG, 1991 and 2000). Because the property is proposed
to be subdivided, the project is subject to the requirements of the Alquist-Priolo Earthquake Fault
Zoning Act (A-P Act) of 1972 (California Public Resources Code, Chapter 7.5, Division 2). The
intent of the A-P Act is to mitigate the hazard of surface fault rupture, and mandates specific,
detailed geologic studies to demonstrate the presence or absence of active faults for certain projects.
Subdivision of land within an Earthquake Fault Zone is subject to the conditions of the A-P Act.
The current conceptual development plan calls for subdivision of the existing 96.5-acre parcel into
five separate parcels (four parcels plus a “remainder”) ranging from about 16 acres to as much as 22
acres. Rather than characterizing fault rupture hazard potential over the entire nearly 100-acre
parcel, which would be a lengthy, complex task, the approach outlined herein is to define discrete
“building areas” within each parcel. The goal is to define a building area free of surface fault
rupture potential. Based on an agreement reached at a meeting of project stakeholders, County
staff, and the project Technical Reviewer prior to the initiation of field work, the goal of our
investigation is to define a 50-foot by 50-foot building area that is clear of active faults on each of
the five proposed parcels.
Our scope of work for this investigation consisted of a review of pertinent geologic maps and
literature, interpretation of aerial and LiDAR (light detection and ranging) imagery, field
reconnaissance of the subject property and vicinity, and a trench-based subsurface investigation.
The subsurface investigation included the excavation, mapping, and photographic logging of a
series of trenches on each of the five proposed parcels. The trenches were excavated,
photographed, and logged in July and August, 2015. Trench-based investigations are the industry
standard for surface fault rupture evaluations, because they provide direct physical evidence as to
the presence or absence of near-surface active fault traces.
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Individual study areas were spatially referenced using field global positioning system (GPS)
equipment that is associated with sub-meter accuracy. GPS coordinates of the study areas have
been provided to the project surveyor. Potentially active faults located during the investigation
were staked for field survey by the project surveyor.

2.0

Geologic Setting

2.1

Local Geology

Available geologic mapping of the region indicates Humboldt Hill is an northwest-trending
anticline above the Little Salmon fault (LSF), a northeast-dipping thrust fault that traverses the
southwestern flank of the hill (Figures 3 and 4). The orientation of the fold axis of the “Humboldt
Hill anticline” varies on different geologic maps (Kilbourne and Morrison, 1985; McLaughlin and
others, 2000; PG&E, 2003), but the overall fold structure is defined by well data and extensive
studies at the nearby Humboldt Bay Power Plant (HBPP), which occupies the northwestern
continuation of the anticline. The anticline is inferred to be a growth (or fault-bend) fold associated
with shortening along the tip of the thrust block over-riding the LSF.
The Humboldt Hill anticline is underlain by Pleistocene age nonmarine and shallow water marine
sediments of the Hookton Formation (Figure 4). Based on gas well logs and exploratory drilling at
HBPP, undifferentiated Wildcat Group sediments are present at depth, but are not exposed at the
ground surface within the study area. Hookton Formation sediments are described as reddishyellow to yellowish-brown, loosely consolidated clay, silt, sand, and gravel (Ogle, 1953). The
Hookton Formation occurs on the seaward slopes of the coastal hills between the Van Duzen River
and Freshwater Creek; similar materials north of Freshwater Creek are referred to as the Falor
Formation. Hookton Formation sediments are noted for their extreme lithologic variability, and are
often difficult to distinguish from the upper members of the underlying Wildcat Group and
overlying late Pleistocene age marine terraces (discussed below).
Humboldt Hill Marine Terraces. The surface of Humboldt Hill within and in proximity to the
project area is capped by a series of late Pleistocene age marine terrace remnants that are
interpreted to overlie the Hookton Formation at some unknown, but relatively shallow depth.
Exposures at Table Bluff near southern Humboldt Bay reveal the terrace deposits to be several tens
of feet thick where in contact with the underlying Hookton Formation. These terrace surfaces were
initially mapped by Ogle (1953) as part of the Hookton Formation; the identification of individual
terraces occurred subsequent to Ogle’s mapping (Carver and Burke, 1992; PG&E, 2003). The
altitudinal spacing of terrace surfaces on Humboldt Hill is interpreted to reflect late Pleistocene
global high sea-level stands that were preserved as a result of tectonic uplift and deformation
associated with growth of the Humboldt Hill anticline. The abrasion platforms associated with the
terraces form planar benches covered by a veneer of shallow water marine sediments. Because of
the similarity in sedimentary textures and the high degree of geomorphic modification of
Humboldt Hill since the late Pleistocene, the locations and ages of individual marine terrace
surfaces are only generally understood.
Mapping of marine terraces on Humboldt Hill by Carver and Burke (1992), later modified by PG&E
(2003), correlate a distinct set of terraces at lower elevations on the northern flank of Humboldt Hill
with a prominent set of regional marine terraces that are correlated with a series of high sea-level
stands from 80,000 to 125,000 years ago (commonly referred to as “Stage 5 terraces,” based on
\\eureka\projects\2015\015110-MorrisHH-FER\PUBS\Rpts\20161108-HH-MorrisFaultHazEval.docx

2

Path: \\eureka\projects\2015\015110-MorrisHH-FER\GIS\PROJ_MXD\ReportMXDs\Figure4_GeologicandGeomorphic.mxd

PROJECT
LOCATION

0

1 " = 2,000 '±

2,000

Feet

Humboldt Hill Land & Cattle Company
Fault Rupture Hazard Evaluation
Humboldt County, California

August 2016

Geologic and Geomorphic Features
Related to Landsliding (Kilbourne, 1985)

Figure4_GeologicandGeomorphic

SHN 015110

Figure 4

world-wide sea level curves). Therefore, the higher elevation marine terrace (or terraces) within the
study area at the crest of Humboldt Hill would be associated with an older high sea-level stand (or
stands). The terrace surfaces within the study area are highly irregular, with undulating
topography, and a variety of slope breaks that may be attributed to erosional paleo-sea cliffs
(terrace back-edges), faulting, paleo-drainages, and landsliding. The age of the marine terrace
deposits at the site is interpreted based on comparison to regional soil profile development and
topographic position, and assumed to be a minimum of 200,000 years old, or older (Carver and
Burke, 1992).

2.2

Tectonic Setting

Northwestern California is located in a complex tectonic region dominated by northeast-southwest
directed compression associated with collision of the Gorda and North American tectonic plates.
The Gorda plate is being actively subducted beneath North America north of Cape Mendocino
along the southern portion of the Cascadia Subduction Zone (CSZ). In its entirety, the CSZ extends
from the Mendocino triple junction to British Columbia and is converging at a rate of
approximately 30-40 millimeters per year (mm/yr) (Heaton and Kanamori, 1984). The plate
convergence rate along the Gorda segment of the CSZ measured near Cape Mendocino is
approximately 32 mm/yr (Wilson, 1993).
Upper plate crustal deformation associated with the subduction of the Gorda plate is expressed as a
90-kilometer (km) wide fold-and-thrust belt within the accretionary margin of the North American
plate (Carver, 1987). The direction of shortening within the accretionary margin nearly parallels the
Gorda and North American plate convergence vector, and accounts for more than half of the
overall convergence rate. Convergence is accommodated within the accretionary margin by growth
of the fold-and-thrust belt (Clarke and Carver, 1992).
In the Humboldt Bay region, the fold-and-thrust belt is manifested as a series of northwesttrending, northeast-dipping thrust faults that include the LSF and faults within the Mad River fault
zone. Fault displacements and uplift of late Pleistocene marine terraces, as well as subsidence
events recorded in Holocene age bay margin sediments, indicate that the subduction zone is
strongly coupled and compressive deformation within the North American plate margin is actively
occurring (Clarke and Carver, 1992). The LSF and faults within the Mad River fault zone are
reportedly capable of generating large-magnitude earthquakes (Dengler and others, 1992).

2.3

Little Salmon Fault

The LSF is a prominent northwest-striking, northeast-dipping thrust fault located within both the
onshore and offshore portions of the accretionary margin associated with the CSZ fold and thrust
belt. Total length of the LSF, including its offshore segment, is 80 km (Petersen and others, 1996).
The onshore portion of the LSF can be traced from east of Carlotta, northwest to the coast at
Humboldt Bay (Ogle, 1953). Offset relations within sedimentary rocks of the upper Wildcat Group
to the south suggest that vertical separation exceed 5,900 feet, representing about 4.4 miles of dipslip displacement on the LSF since the middle Quaternary (in the past 700,000 to 1 million years).
Paleoseismic studies of the LSF (Carver and Burke, 1989; Clarke and Carver, 1992) indicate that the
fault deforms late Holocene age sediments at the south end of Humboldt Bay. The fault is,
therefore, considered active according to the criteria established by the State of California (and is
located entirely within an Alquist-Priolo Earthquake Fault Zone). Radiocarbon dating associated
\\eureka\projects\2015\015110-MorrisHH-FER\PUBS\Rpts\20161108-HH-MorrisFaultHazEval.docx
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with previous paleoseismic investigations indicates that earthquakes have occurred on the LSF
about 300, 800 and 1,600 years ago (Clarke and Carver, 1992). Average slip rate for the LSF for the
past 6,000 years is reportedly 6 to 10 mm/yr. Estimates of the amount of fault slip for individual
earthquakes on the LSF are between 15 and 23 feet. Based on these parameters, the LSF is
considered the most active on-land fault in the north coast region.
The LSF is characterized by a complex surface trace along the flank of Humboldt Hill south and
west of the site (Figures 3 and 4). At least two, and possibly three, traces have been identified, in
the vicinity of the College of the Redwoods (CR) campus directly south of Humboldt Hill. Of
particular interest to this investigation, the LSF exhibits a significant bend in the vicinity of CR.
South of the campus, the fault zone trends roughly north-south. In the southern part of the CR
campus, the LSF bends significantly to the northwest (trending N30˚W), and based on consultant
trenches on the campus, becomes substantially more complex (including complex secondary
faulting/shearing and introduction of an apparent “central” fault trace). We infer that fault
kinematics associated with faults on Humboldt Hill may be related to this significant bend in the
LSF.

2.4

Faults on Humboldt Hill

Humboldt Hill is inferred to have formed as a broad fault-generated anticlinal fold in response to
repeated movement along the underlying northwest-trending, northeast-dipping LSF. Growth of
the anticline is accompanied by the apparent formation of secondary bending moment faults near
the axial crest. The northward trend of some these secondary faults relative to the northeastsouthwest direction of compression suggest the possibility of a lateral slip component (which is also
supported by geomorphic and trench data, as discussed below). The anticline is asymmetric, in
that the southwestern limb (that is, the leading edge directly above the LSF) is steeper than the
northeastern limb. Large nested landslides are present along the steep southwestern limb of the
fold, as defined by coalescing arcuate scarps. An adjacent zone along the crest of the southwestern
fold limb characterized by a relatively chaotic pattern of short, discontinuous faults may be related
to this gravitational influence (Figure 3).
Mapped faults on Humboldt Hill are included within a broad Alquist-Priolo Earthquake Fault Zone
(Figure 3), which suggests they are “sufficiently active and well-defined” to warrant special
development consideration. As discussed in California Geological Survey (CGS) fault evaluation
report 215 (Wills, 1990), apparent fault-related features “are low scarps, troughs and tonal
lineaments,” that “could be subsidiary faults similar to the eastern trace but could also be related to
landslides or lateral spreading of the ridge.” Further, CGS states,
…some of these features resemble extensional features that form near the
headscarps of landslides. Others are relatively straight and could be due to
normal faulting in the upper plate of the thrust fault or lateral spreading of
the ridge during earthquakes. All of these features are potential seismic
hazards and cannot be distinguished from secondary faults based on the
landforms.
It is important to note that CGS’ determination relative to fault origin or activity on Humboldt Hill
was completed without the luxury of any subsurface (trench) data.
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Humboldt Hill lineaments are associated with distinct topographic escarpments, linear valleys, and
closed depressions that are clearly evident on the ground and in aerial photography. On the
northern flank of Humboldt Hill, the lineaments are not apparent where they project beneath
younger marine terraces (interpreted as 103,000 years old by Carver and Burke, 1992, and PG&E,
2003; see Figures 3 and 4).
Faults on Humboldt Hill are interpreted as secondary structures to the underlying LSF. By nature,
these faults should penetrate only to the LSF surface, and not beyond. As secondary structures,
faults on Humboldt Hill are not anticipated to be seismogenic; that is, they would not
independently produce an earthquake. They may, however, be involved in the distribution of
seismic energy during large rupture events on the LSF. Regardless of their seismic potential, the
structures are considered “faults” according to the current criteria of the State, because they have
rupture potential that could have potentially adverse impacts to structural foundations and
infrastructure.

3.0

Site and Vicinity Description

The study area and immediate vicinity is undeveloped land currently used for cattle grazing. Other
than the existing farm house and barns in the vicinity of the cell tower, there is no evidence for
substantial development or grading having occurred at the site in the past. Minor grading occurred
to create a livestock pond in the southern part of the property, but there is no indication that
substantial human-induced landscape change has occurred. Historical aerial photographs from
1948 indicate that much of the study area was previously cultivated; therefore, shallow disturbance
of upper soils related to agricultural tilling is anticipated.

3.1

Previous Investigations

SHN has completed several fault hazard investigations on Humboldt Hill both to the west and
north of the current study area (SHN, 2006, 2007a, 2007b). We are aware of additional A-P studies
completed by others in the residential area of Humboldt Hill north of the study area discussed
herein. The investigations for which we have direct knowledge have provided valuable baseline
data that has helped facilitate interpretation of the stratigraphic and fault relations observed during
the current investigation. Previous investigations of particular relevance conducted by SHN were
undertaken in the northwestern corner of the ranch property denoted as the “Northwest study
area” on Figure 2, and along the northern flank of the prominent “cell tower” hill adjacent and
northwest of the current study area denoted as the “Cell Tower” trenches on Figure 2. A copy of
the “cell tower” report submittal is on file with Humboldt County Division of Planning and
Building. No report was produced for the “Northwest study area” as the field investigation was a
reconnaissance-level trench study.
Stratigraphy. SHN’s previous trench investigations at the aforementioned sites encountered a
ubiquitous stratigraphic sequence consisting of three readily identifiable allostratigraphic units.
From oldest to youngest, trench exposures reveal a lower, well-stratified near-shore marine deposit
overlain by a massively bedded, yellowish-brown silty to clayey fine sand with scattered rounded
pebbles. The contact between the two units typically records evidence of an erosional
disconformity as indicated by the upward termination of faults and fractures, truncation of
internally dipping beds, and the presence of cut and fill deposits. Primary depositional features
including planar bedding, internal cross-bedding, seaward dipping foresets, grain size distribution,
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and the degree of sorting suggest these deposits to be of nearshore marine origin. Overlying the
sequence of nearshore marine deposits is a characteristically dark brown, organic-rich, very friable,
and heavily bioturbated silty fine sand deposit interpreted to be of eolian origin, as discussed in the
following sections. This deposit is noteworthy in that it is commonly observed capping both
uplifted Pleistocene marine terrace deposits and bedrock abrasion platforms throughout coastal
central and northern California, and southern Oregon, and is composed of parent material that is
distinct as compared to the underlying substrate.
Pleistocene Marine Terrace Deposits
Based on the degree of induration, cementation, and weathering, the oldest marine deposit is
interpreted to pre-date the Stage 7 high sea-level stand (and is therefore older than 200k), and is
presumably deposited on the Hookton Formation sediments that form the upper core of the
Humboldt Hill anticline (PG&E, 2003). We have also not precluded the possibility that these
sediments are similar in age to those deposits assigned to the Hookton Formation by Ogle (1953).
These older terrace deposits are typically well-bedded nearshore marine sediments that commonly
contain high concentrations of well-rounded, siliceous pebbles and gravels. The materials are
characterized by strong iron and manganese oxidation, typically resulting in strong reddish iron
staining with common manganese nodules. The upper part of the older marine terrace profile
appears to have been stripped in many areas (sometimes substantially so), suggesting a significant
period of landscape lowering and a long depositional hiatus at the site. The contact between the
terrace sediments and the overlying marine sediments is disconformable in all cases.
The older terrace sediments are typically overlain by massively bedded (unsorted, unstratified) to
subtly bedded deposits interpreted to be a younger marine terrace deposit. The deposit is of
variable thickness, but has been observed as much as 12 feet thick in places (for example, in the
“cell tower” trenches). It is typically yellowish brown in color, and consists of silty and clayey fine
sand with occasional randomly distributed well-rounded (siliceous) pebbles. Based on the
stratigraphic relations we have observed, we interpret the material to be a “younger” marine
terrace deposit; this would correlate to oxygen-isotope Stage 7 (about 200k). There is a recognizable
buried soil developed in this material that reflects a prolonged period of sub-aerial exposure.
Partial stripping of the buried soil suggests the upper contact of this unit represents an erosional
interval. Changes in unit thickness and the presence of a pedogenic residuum (siliceous hardpan,
discussed below) appear to reflect an erosional stripping event. The unit is unconformably overlain
by the youngest deposit at the site, composed of the organic-rich silty fine sand deposit that
blankets the entire study area as discussed in further detail below.
Eolian Deposit
The youngest stratigraphic deposit present in trenches on Humboldt Hill is an organic-rich silty
fine sand deposit that forms a surficial veneer over the study area. The material is a loose, noncemented and unconsolidated layer that is characteristic in its dark brown color. Because the layer
is of relatively homogenous texture, but overlies a variety of substrates, it is inferred as a unique
deposit, as opposed to a pedogenic A-horizon formed on the underlying sediments.
The organic-rich silt and fine sand deposit is interpreted to be eolian in origin based on the
winnowed, well-sorted nature of the fine sand fraction; it is a unique deposit that occurs along
marine terraces throughout central and northern California, and in southern Oregon. The source of
the material is interpreted to be from the desiccation of the shallow continental shelf when it
became subaerially exposed during the most recent latest Pleistocene glacio-eustatic sea level lowstand (coincident with the last glacial maximum). As is well-documented in scientific literature
\\eureka\projects\2015\015110-MorrisHH-FER\PUBS\Rpts\20161108-HH-MorrisFaultHazEval.docx
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(Waelbroek and others, 2002; Muhs, 2012), sea level has repeatedly fluctuated through the late
Pleistocene in response to glacial and inter-glacial periods. For reference, a graph showing a midPleistocene to recent relative sea level curve from Waelbroek (Graph 1) identifying the glacial and
inter-glacial oxygen-isotope stages is provided below.

Figure 5. Composite relative sea level (RSL) curve in meters (bold gray line) and confidence
interval (thin gray lines) based on Pacific Ocean data (Waelbroek, 2002).
The eolian deposit is interpreted to have originated as windblown silt and fine sand derived from
the desiccation of the shallow continental shelf during the most recent sea level regression that
occurred following the Stage 3 high-stand at the outset of the Stage 2 low-stand. Exposure of the
shallow continental shelf provided a source area that occurs adjacent to, and spatially coincident
with, the areas where the material is currently preserved (low gradient surfaces along the presentday coastline).
The distribution and nature of the eolian deposit was studied on a flight of uplifted Pleistocene
marine terrace deposits in McKinleyville by Smith (1983). At the McKinleyville study area, it was
observed that the deposit is thickest near the coast and diminishes to the east. Smith made the
interpretation that shelf sediments are the likely source of the eolian deposits based on particle size
distribution and the predominant northwesterly wind direction during the north coast dry season
which would account for the diminishing thickness of the deposit toward the east. Smith
concluded from his particle size analyses of the eolian deposit that the grain size distribution
consists of on average 65 percent sand, 20 percent silt, and 8 percent clay with the remainder being
composed of organic material. A breakdown of the average sand-sized particle distribution
revealed fine sand to make up 70 percent of the overall sand percentage, with medium and very
fine sand comprising 12 percent and 13 percent, respectively.
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Offshore sediments along the Humboldt County coast were described by Johnson (1974) in which
the particle size distribution of sea floor sediments were analyzed along transects oriented
perpendicular to the shoreline. Johnson noted as would be expected, that the “coarsest sediment is
found nearest the coast with the sediment becoming finer as depth increases.” Johnson defined
the present boundary between sands and silty sands to lie offshore at the 55 meter bathymetric
contour (180-foot depth). The zone of silty sand was mapped as a 1.5 kilometer wide area
paralleling the modern coastline. Smith concluded that this area of silty sand served as the source
area for the eolian transported sediments deposited on the uplifted McKinleyville marine terraces.
The eolian cap has most recently been studied by Burke and others (2016), facilitated by trench and
test pit exposures at the project site.
To the best of our knowledge, no radiometric age dating establishing the timing of deposition of the
eolian deposit has been completed along the coast of California or Oregon. Smith concluded that
deposition of the eolian cap likely occurred during the last glacial maximum, at which time sea
level had retreated to its lowest point in the previous 140,000 years (Muhs, 2012). We conclude that
the sea floor sediments were likely most susceptible to erosion during sea level regression (that is,
as sea level was lowering and the coastline was retreating westward) prior to the presumed
establishment of vegetation on the exposed shelf.
Recently published sea level curves by Muhs (2012) and provided below (Graph 2) indicate that sea
level began to rise beginning about 20,000 (±) years ago. The rate of sea level rise was greatest
following the initial retreat of the continental ice sheets. By 10,000 years ago, sea level had largely
re-inundated the once-exposed continental shelf off of the coast, such that eolian deposition along
the coastline would likely have ceased occurring. We therefore conclude that the eolian deposit
preserved along the coastline throughout the region is of late Pleistocene age. In terms of relevant
age criteria per the Alquist-Priolo Act, the important factor is that the eolian cap at the site clearly
pre-dates the Holocene.
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Figure 6. Numerical predictions of relative sea-level change in meters over the last interglacialglacial cycle (Muhs, 2012). Note that exposure of the -55m bathymetric contour associated with
the source area of the eolian deposit was exposed beginning 55,000 years ago and persisted until
about 10,000 years ago.
Additional evidence in support of assigning a pre-Holocene age to the eolian cap is based on
studies of tectonically emergent terraces of late Holocene age near Cape Mendocino that lack an
eolian cap (Merritts, 1992). These findings provide an independent line of evidence in support of
the interpretation of pre-Holocene deposition of the eolian cap. The eolian cap is, therefore, a key
stratigraphic marker horizon that provides a minimum constraining age in determining the recency
of surface fault rupture based on its inferred latest Pleistocene age.
The results of investigation into the pedogenic properties of the eolian cap at the site by Burke
(2016) support the interpretation of a latest Pleistocene age, and are discussed below.
Faulting. Faulting and fracturing is pervasive throughout the project site in trench exposures on
Humboldt Hill, apparently reflecting the initial growth of the Humboldt Hill anticline. Constraints
on the timing of faulting rely on the relative ages of the three primary stratigraphic units, each of
which are separated by an erosional unconformity marking a depositional hiatus (and apparent
landscape stripping).
The oldest sediments marine terrace sediments, are extensively faulted and display the highest
density and closest spacing of faults and fractures. Complex, well-developed fault zones, with
significant mechanical and chemical alteration, are common in these older materials. These faults
\\eureka\projects\2015\015110-MorrisHH-FER\PUBS\Rpts\20161108-HH-MorrisFaultHazEval.docx
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appear to be largely transtensional based on their apparent vertical offsets, steep dips, mis-matched
nature of materials across individual fault planes, and overall geometry reflective of flower
structures (high angle faults that branch outward in the shallow subsurface). These faults often
exhibit apparent vertical displacements on the order of several feet that are not evident in overlying
units or at the ground surface (suggesting a period of landscape denudation and, therefore, relict
faulting). Faults in the older terrace sediments are commonly truncated by the unconformity
marking the upper unit boundary.
Faulting is also apparent within the younger marine terrace unit, although at a lower concentration
than in the older materials. These faults also frequently exhibit large apparent vertical
displacements that are not reflected in the surface morphology, or in the deformation of the eolian
cap. A notable example was encountered in an exposure in the “cell tower” trench in 2006 at the
location noted in Figure 2; an excerpt of that log is included as Figure 7. These faults tend to lack
the complexity or chemical/mechanical alteration relative to the older faults observed. These faults
commonly terminate at the base of the eolian cap.
Finally, there are rare faults that have been observed that extend through the entire sequence,
offsetting the eolian cap. The most distinct examples of these faults were encountered in the
“northwest study area” (Figure 2). Where observed, these faults are simple, high-angle structures
inferred to be oblique slip faults. Faults that displace the eolian cap are typically expressed at the
ground surface by distinct topographic scarps. Similarity in displacement amounts between older
units and the eolian cap suggest some of these faults may be associated with a single recent rupture
event. An excerpt of a trench log showing offset of the eolian cap is included as Figure 8.

4.0

Project Site Investigation

4.1

Approach

Characterization of the fault rupture hazard at a particular site is based on an evaluation of the
presence or absence of “active” faults beneath the site. Investigations of this type are based on two
basic geologic principles. First, it is generally accepted that surface fault rupture will occur along
pre-existing faults, and in a manner consistent with past displacement. Therefore, a key element
of any surface fault rupture evaluation is the interpretation of whether past surface ruptures have
occurred at a site or not. Secondly, the State of California defines “active” faults as those that have
ruptured within the past 11,000 years (that is, within the Holocene Epoch). Therefore, if faulting is
present, it becomes critical to constrain the timing of past activity to determine its potential for
future surface rupturing events. The focus of this fault investigation is to therefore determine the
presence of faults, evaluate the recency of their activity, and estimate the amount of past
displacement to derive recommended fault setbacks adjacent to those that are interpreted as
“active.”
Initial evaluation of geologic conditions at the site is completed with aerial photographs and
imagery. LiDAR imagery available for the area provides an excellent opportunity to interpret high
resolution shaded relief images. LiDAR coverage for the site is publically available. Following
preliminary interpretation of aerial imagery, final site selection was based on thorough field
reconnaissance.
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The most direct method of locating existing faults and evaluating the recency and magnitude of
faulting is to excavate exploratory trenches. The intent is to expose stratified geologic materials,
and to interpret whether they have been disrupted by past fault rupture events. As such, trenches
should be excavated normal (perpendicular) to the mapped fault strike (or as close to normal as site
conditions allow), and deep enough to expose suitable marker horizons (in pre-Holocene age
deposits) with which to interpret the timing and recency of fault rupture-related deformation.

4.2

Tectonic Geomorphology

As described above, the crest of Humboldt Hill is characterized by complex topography consisting
of terrace back-edges, paleo-drainages, and both fault- and landslide-related escarpments. For
reference, we include two figures depicting LiDAR hillshade images at two scales (Figures 9 and 10,
1” = 200’ and 1” = 300’, respectively). We interpret that as the Humboldt Hill anticline formed in
response to repeated movement along the underlying Little Salmon fault, it was shaped by a
variety of processes related to its near-shore or coastal environment. The landforms left by these
early processes (terrace back-edges, drainages) appear to be preserved in the modern site
morphology as slopes and lineaments off-trend of the observed structural fabric and as
disconnected (“hanging”) drainages and windgaps. Faulting appears to have been pervasive
through the early growth of Humboldt Hill following deposition and emergence of the oldest
preserved marine terrace deposits, so much of the accrued fault morphology likely formed at that
time and is similarly retained in the modern landscape.
The eolian cap appears to have formed a relatively thick veneer over the entire site. The result of
this “blanket” would be an overall muting of pre-existing topography. As such, much of the site is
characterized by subtle, rounded morphology consistent with a landscape buried by a veneer of
loose, windblown material. In general, the study area has an absence of sharp, linear features
typical of recent surface fault ruptures (Figures 9 and 10).
As noted above, the area was known to have been cultivated in the past. The 1948 aerial
photographs of the site indicate large-scale cultivation over most of the study area.
Microtopographic features (small escarpments, for example) may have been lost during repeated
episodes of agricultural tilling. Following interpretation of aerial imagery, the final evaluation of
tectonic geomorphic conditions occurred in the field.

4.3

Field Investigation

The goal of the field investigation was to identify buildable areas on each parcel that were “clear” of
Holocene age faults, according to the criteria of the Alquist-Priolo Earthquake Fault Zoning Act. As
agreed upon at a stakeholder meeting that included SHN, County planning staff and the County’s
Technical Reviewer, it was determined that demonstration of a 50-foot by 50-foot building area was
an adequate demonstration of “buildable space.” As such, trenches were excavated on each
proposed parcel to define a building area of this size, or larger. As discussed above, trenches are
typically excavated perpendicular to anticipated fault strike. Due to the uncertainty regarding the
potential variation in fault strike at the site, our initial intent was to excavate trenches on three sides
of the building site; this trench layout would presumably intercept any significant trench crossing
the individual building site. However, on the first site investigated (Parcel 4), a fault was observed
offsetting the eolian cap on one side of the site, but not on the other. Due to the potential for faults
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terminating on a site (one explanation of the inconsistent offset pattern on Parcel 4), for the next site
we excavated trenches on all four sides of the target building area. However, this approach was
abandoned as the site’s consistent structural fabric (discussed below) became apparent.
The establishment of building setbacks or building exclusion zones near active faults is a subjective
interpretation based on the complexity and estimated magnitude of displacement for a particular
fault. As currently written, there is no minimum setback distance defined in the A-P Act, nor in
current Humboldt County development regulations; therefore it must be based on site-specific
conditions. Logically, it is prudent to increase the amount of a building setback near a complex
fault zone or near a fault with the potential for large magnitude displacements (several feet of
displacement, for example). The A-P Act, however, is only intended to prevent damage associated
with surface fault rupture by prohibiting construction of “structures for human occupancy” directly
astride active faults. Similarly, there is no established protocol to deal with the uncertainty near the
margins of trench investigation areas. Because significant geologic structures may lie just outside a
study area, it is generally assumed that trenches should conservatively be extended to reduce
uncertainty, as appropriate.
At least one trench wall was scraped clean to provide a fresh exposure (both walls were cleaned in
critical areas), and stratigraphic contacts were identified. The exposures were photographed and
an orthorectified photo-mosaic was generated using Agisoft PhotoScan photogrammetric software.
Trench logging was completed on a clear acetate sheet overlying the orthorectified photo-mosaic at
a scale of 1 inch = 2 feet. Logging of trenches over photo-mosaics allows a high level of precision
and reduces the amount of subjective “artwork” in depicting geologic features. Logs of the
trenches are included the attached appendices. Unit descriptions were made on site and are
included in the appendices as well. Trench locations were surveyed using GPS and plotted on a
base map that was spatially rectified in geographic information system (GIS). The trenches were
backfilled with native spoils and wheel rolled; spoils were mounded over the trenches in
anticipation of settlement.
Analysis of site soils was conducted through collaboration with Dr. Raymond “Bud” Burke from
Humboldt State University. Dr. Burke has studied soils geomorphology in the north coast region
for some 40 years, and has derived a soils chronosequence for soils developed on marine terraces
throughout the region based on hundreds of soil pits (Carver and Burke, 1992). Previous estimates
have correlated soils at the site to terraces in excess of 200,000 years in age. Test pits to expose
shallow soils were excavated at seven study sites for this and the adjacent study, and soil
descriptions were completed by Dr. Burke. The specific focus of the soils investigation was
verification of the interpretation of the age and depositional history of the eolian cap (Burke and
others, 2016). However, a buried soil is present on the underlying materials that was included in
the soil profile description, and forms an important part of the stratigraphic interpretation.

4.3

Use of the Eolian Cap as a Marker Horizon

Interpretation of the timing of past surface fault ruptures is typically based on the ages of deposits
that provide stratigraphic constraint. That is, what are the ages of strata that have been disrupted
by past ruptures relative to those that have not been disrupted? In order to determine whether
faults have been subject to recent rupture, it is necessary to evaluate the presence or absence of
deformation in geologically youthful deposits. Offset of a 100,000-year old deposit, for example,
only reveals that an event occurred within the past 100,000 years; it is not generally possible to
determine whether that event occurred 9,000 years ago or 99,000 years ago, unless constrained by a
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younger stratigraphic unit. Evaluation of past surface rupture timing at this study site is limited by
the ages of the materials encountered in the trenches, which are typically late Pleistocene age
sediments that are too old to provide useful minimum age constraint. In this regard, the surficial
eolian “cap” is an important marker horizon that provides critical age constraint in assessing the
recency of faulting at the site. As discussed elsewhere in this report, the deposition of the eolian
cap is inferred to have occurred during the most recent low sea-level stand. The timing of
deposition is interpreted to have occurred during the sea level regression phase of the low stand
prior to the glacial maximum, on the order of 20,000 to 30,000 years ago. This is the youngest
deposit that we encountered at the site. In the absence of a younger deposit to constrain the timing
of past surface rupture events, the basal contact of the eolian deposit provides the primary age
control. That is, where the base of the eolian cap is offset or disrupted, we conservatively assume it
is the result of a Holocene age earthquake and therefore, relevant to the “clearance” of a building
site. We note that the key “marker horizon” under consideration during this investigation is the
contact at the base of the eolian cap with the underlying marine terrace deposits (as opposed to the
deposit itself, which may have been subject to bioturbation, cultivation, or erosion).

5.0

Results

5.1

General

The trench exposures created for this and the adjacent investigation revealed a wealth of
information, providing critical data with which we have begun to develop an understanding of the
complex stratigraphic and structural setting. This section presents a discussion of the stratigraphic
and structural conditions we encountered, followed by site-specific descriptions of the individual
building sites.
The trenches exposed similar stratigraphy to that encountered elsewhere on Humboldt Hill. That
is, there are three primary stratigraphic units, each of which is separated by a distinct
unconformity. The three primary units encountered in the various trenches are referred to in this
report as “older marine terrace deposits” (unit Qmto), “younger marine terrace deposits” (unit
Qmty), and the eolian “cap” (unit Qe).
Unit Qmto. The deepest, oldest materials we encountered at the site are referred to herein as
“older terrace deposits” (unit Qmto). This unit consists of relatively high-energy near-shore marine
deposits. These deposits varied across the site, but frequently contained abundant well-rounded,
siliceous pebbles and gravels. Unit Qmto deposits were typically well-bedded. The older terrace
deposits were associated with noticeably higher degrees of weathering and oxidation (iron and
manganese oxides) relative to the overlying materials.
Unit Qmto sediments were typically associated with a significant increase in the degree and
complexity of faulting relative to younger materials at the site. Well-developed fault zones and/or
shears (frequently exhibiting high degrees of chemical or mechanical alteration) were truncated
abruptly at the unconformity marking their upper extent. As such, the angular unconformity
marking the contact with the overlying materials (Qmty) appears to represent a significant gap in
the stratigraphic record. Locally, we observed charcoal in this unit, indicating the material was
exposed subaerially during the depositional hiatus and prior to burial by younger marine deposits
(this requires “re-occupation” of the older terrace deposits by a later high sea-level stand). The
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age(s) of unit Qmto is not known, but is interpreted to be older than oxygen-isotope Stage 7 (and is
probably more than 200,000 years old) based on its current elevation. We can not preclude that
materials mapped as Qmto in this study are not the “Hookton formation” of other studies.
Unit Qmty. Younger marine terrace deposits are a generally massive unit of fine-grained
sediments that uncomformably overlie the older marine terrace deposits. The unit as encountered
in our trenches was as much as 6 feet thick; elsewhere on Humboldt Hill it is as much as 12 feet
thick. The unit has previously been interpreted (during our early studies) as colluvium derived
from uplands that no longer persist in the landscape. The results of the current investigation do not
support that interpretation, however, and we infer the unsorted, unstratified material was
deposited in a nearshore or possibly foreshore marine environment that was preserved following a
sea level high-stand. The material is characteristically yellowish brown in color. It is
unconformably overlain by the eolian cap; the contact is a distinct erosional disconformity. The
upper part of unit Qmty has a distinct buried soil developed on it. Based on discussions with Dr.
Burke, the buried soil represents a residuum of a more complete soil profile that has been
substantially stripped. That is, only the basal, siliceous hardpan portion (Btq horizon according to
Burke and others, 2016) of the previous profile persists in the landscape today. This relationship
suggests a long depositional hiatus following the deposition of the younger terrace sediments that
was associated with erosion (stripping) and landscape lowering.
Faulting in unit Qmty generally lacks complexity and is less pervasive as compared with the
complex structures present in the underlying older terrace deposits (unit Qmto). Many faults
present in unit Qmto do not continue into unit Qmty and terminate at the basal contact. Several
significant offsets within unit Qmty were observed (typically juxtaposing units Qmto and Qmty),
but these events pre-dated the stripping event that occurred prior to the deposition of unit Qe.
Most faults that continue upward through unit Qmty are interpreted as distributed shears related
to oblique slip faults, due to their steep dips, apparent component of vertical displacement,
observed flower structures, and unit differences across faults.
Unit Qe. The eolian “cap,” or unit Qe, as it is referred to herein, was found to mantle the entire
study area. A series of seven shallow test pits were excavated for the sole purpose of analysis of
site soils by Dr. Burke, as described above. Dr. Burke’s intent was to augment several decades of
previous research on coastal marine terrace soils, and to finalize research into the age and
depositional environment of the eolian cap. Results of the research were presented at a recent
Geological Society of America meeting (Burke and others, 2016). The results of the analysis of soil
pits at the project site were entirely consistent with the previous interpretation relative to the
characteristics and pedogenic properties associated with the eolian cap. Burke and others (2016)
indicate that the soil development of the eolian material at the site is consistent with a single pulse
of deposition over a previously stripped landscape (the Btq horizon described above). Soil
development indices are consistent with a deposit age in the 20,000- to 30,000-year range.
Unit Qe was present throughout the study area. The deposit was uniformly 2 to3 feet thick in our
trenches across the site, except near the crest of a high escarpment on parcel 4 where it had been
eroded to as thin as 1 foot. Also, a test pit exposure at the base of a 40-foot high escarpment
revealed as much as 70 inches of unit Qe. Overall, the consistent unit thickness reflects the absence
of significant geomorphic landscape change since deposition of the windblown veneer.
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Faulting that clearly displaces or deforms unit Qe was found to be rare throughout the areas
investigated for this study. Clear offsets of the cap (of as much as several feet) were observed in
previous investigations to the west of the current study area (Figure 8), but in areas likely
associated with landsliding near the crest of the slope overlying the LSF. These previously
observed offsets of the eolian cap were typically associated with geomorphic expression at the
ground surface in the form of an escarpment.
In the current investigation, obvious displacement of the eolian cap was observed in only one
location—a single trench exposure on Parcel 4. Elsewhere, we encountered rare examples of simple
shears that appeared to penetrate through the entire exposed trench section and produced very
minor disruption at the base of the eolian cap. Deformation typically was observed as subtle
warping or nominal displacement at the base of Unit Qe; we conservatively assume these features
represent faulting post-deposition of unit Qe (as opposed to pre-existing landforms buried by
windblown material). We infer this deformation to be associated with minor distributed shearing
related to offset along dextral-oblique slip faults. No apparent geomorphic expression was
associated with these shears; that is, there was no correlative surface scarp accompanying these
apparently minor faults.
Depositional/Structural Sequence. The results of the trenching studies to date have allowed the
development of the following sequence of depositional and faulting events at the site. Additional
trench investigations will allow for further refinement of this understanding.
1. Deposition of Unit Qmto. Near shore marine deposition of high-energy deposits dominated
by siliceous pebbles.
2. Substantial faulting occurs, presumably reflecting the early development of the Humboldt
Hill anticline. Faulting is pervasive; evidence of this deformation is present in most
trenches. Relatively “mature” faults form over time through chemical and mechanical
alteration of sheared zones (that is, fault gouge forms locally).
3. Unit Qmto is exposed sub-aerially. Oxidation of iron and manganese occurs. Vegetation is
established as evidenced by the presence of detrital charcoal observed in unit Qmto.
4. Marine transgression results in erosion and burial of Qmto and subsequent deposition of
Unit Qmty. Low energy deposition of massive fine-grained material.
5. More faulting occurs in this interval, locally significant.
6. Unit Qmty is exposed sub-aerially. A soil profile forms, but is stripped down to a siliceous
hardpan (Btq horizon in Burke and others, 2016) during a regional landscape lowering
(erosion) event.
7. Sea level regression during the LGM exposes large portions of the continental shelf,
initiating deposition of a windblown veneer (Unit Qe).
8. Minor localized faulting occurs post-deposition of the eolian cap (Unit Qe).
Faulting. A consistent structural fabric is apparent within the study area based on the results of the
trench exposures described herein. Faults and fractures exposed in the trenches exhibited a
consistent fabric, typically striking between N10E and N30W. The nature of the fault exposures
strongly indicates a preponderance of lateral slip faults. Prior to the outset of the investigation, we
assumed a high likelihood of encountering faults with primarily vertical displacement due to the
setting within a broad growth fold above the Little Salmon fault. However, we noted high angle to
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near-vertical faults, flower structures, conjugate fault sets (in plan view and trench view), and
displacement patterns that all suggest lateral displacement. This is true for all faults, through all
periods of the structural development of the site (that is, from faults confined to Qmto to faults that
potentially deform the eolian cap). Because the landscape contains geomorphic features that
indicate tensional offset (closed depressions along the primary faults), we infer that faults at the site
are associated with transtensional displacements (that is, oblique movement with components of
both tensional and lateral displacement).
The structural fabric parallels the primary geomorphic lineaments in the study area, two northtrending features shown on Figure 11. We interpret these as the primary faults in the study area,
and that the faulting we observed throughout the intervening areas represents distributed shearing
associated with these primary faults. We infer that the primary faults are shears accommodating
rotation of the Humboldt Hill block as it over-rides the LSF; we note the primary faults project
southward toward the large LSF bend on the CR campus. Note that our study areas are generally
on the blocks between these primary faults. To date, we have not completed focused trenching
targeting one of these primary faults. We interpret the primary faults as right-lateral, based on
their orientation relative to the direction of shortening accommodated by the LSF, with a significant
tensional component to account for the string of closed depressions along the eastern primary fault.
Finally, we attribute the remaining topographic variation between the primary faults to processes
related to the multiple terrace occupations during the early stages of the formation of Humboldt
Hill. The myriad of hanging drainages, windgaps, and off-trend slope breaks within the study area
are detached from, and appear unrelated to, the modern drainages bordering Humboldt Hill (Elk
River tributaries to the northeast, short ephemeral creeks to the southwest). Rather, these smooth,
rounded features appear as relict landforms reflecting geomorphic processes not occurring at the
site now or in the recent past.
The following sections provide brief descriptions of the five proposed building sites. The
discussions in the text of the report are intended as summaries of relevant information from each
site. Site maps, trench logs, and supporting structural and stratigraphic data for each site are
included as individual appendices in the back of the report.

5.2

Parcel 1

A site map (with one-foot contours on an air photo background), a LiDAR hillshade image, trench
logs, and supporting data for field investigations on Parcel 1 are included in Appendix 1.
This is a complex site due to its proximity to the western “primary” fault that crosses the study
area. The site is just southeast of the existing paddock area, on low gradient ground within a broad
swale (an apparent windgap between the heads of two hanging valleys). Four trenches were
initially excavated, but due to a pair of potentially active faults that converge to the southeast of the
site, two additional trenches were excavated to the northwest to provide additional cleared area.
The relevant information for this site was primarily derived in the series of northeast-southwest
oriented trenches (trenches MW-1-1, -1-3, -1-5, and -1-6), as they intersect the structure at the site.
The northwest-southeast trending trenches (MW-1-2, -1-2a, and -1-4) are along strike and did not
yield useful data.
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Figure 11

Unit Qmto is present at this site as thickly bedded silty fine sand and sandy silt with strong iron
oxide staining and abundant manganese nodules. The older terrace deposits at the site are
abruptly overlain by unit Qmty in an obvious unconformable contact; locally the younger
sediments clearly on-lap the older sediments (see trench MW-1-5). Unit Qmty is relatively thin in
the southeast corner of the site, in the east end of trench MW-1-3, but thickens to the west in what
appears to be an inset channel (filled with clean, very fine sand). This buried channel extends into
trenches MW-1-1 and 1-5; it is especially well-expressed in trench MW-1-5, where thin to mediumthick beds within unit Qmty on-lap the eastern margin of the channel incision (this is the rare
example of where we have seen bedding in what we identify as “unit Qmty”). The channel
appears to project east of the northeast end of trench MW 1-6. We note that this apparent, shallow
channel is within a broad geomorphic swale (apparent windgap at the head of two hanging
valleys), which may suggest the geomorphology of the site was formed during deposition of unit
Qmty (or some late stage of what we interpret as the “younger” marine terrace).
Toward the northern end of the site, the buried soil (Btq horizon; Burke, 2016) on the top of unit
Qmty was apparent. The paleosol was not apparent at the southern end of the site in trench MW-1-3.
The eolian cap, unit Qe, is present as a uniform, relatively thick deposit across the site, more than 2
feet thick in places. The unit appears massive. The basal contact of the eolian cap is highly
bioturbated throughout the site. We interpret the “base” of the unit through highly bioturbated
areas by identifying the lowest point at which a lack of significant mixing with underlying material
occurs.
Faulting at the site is expressed as relatively complex shearing along a zone that projects N10W
across the eastern part of the site. This shearing, especially intense in unit Qmto, is best expressed
in trenches MW-1-1, MW-1-5, and MW-1-6. Note the abrupt truncation of soft, clayey, fault gouge
at station 2 in MW-1-5 and the truncation of faults in MW-1-6. The faulting upwarps bedding
within unit Qmto, locally warps the contact between units Qmto and Qmty, and appears to create a
slight upward warp at the base of the eolian cap. We interpret the upwarp along the zone of
shearing as a “mole track” above a lateral slip fault. The warping at the base of the eolian cap may
or may not be the result of an event post-deposition of unit Qe. For this study, we conservatively
assume that warps or offsets at the base of unit Qe are related to recent deformation. The fault is
only subtly evident at the south end of the study area, in trench MW-1-3, but we conservatively
carry the fault across the site to the structures we encountered along projection (see “fault stakes”
on logs in Appendix 1).
A second fault at the site was encountered in the southwest end of trench MW-1-1. This relatively
simple fault produces an apparent offset at the base of the eolian cap of about 3 inches (Station 61 in
trench MW-1-1). This fault strikes about N32W across the site, and projects toward a zone of subtle
faults in the central part of trench MW-1-3 that we infer represent the continuation of the fault
(probably a conjugate shear, secondary to the larger fault along the east side of the site). We
conservatively extend this fault across the site to form the western boundary of the buildable area
(see “fault stakes” on logs in Appendix 1). The two faults appear to converge at a point southeast
of the site.
Although neither of the faults interpreted as “active” structures on Parcel 1 can confidently be
traced across the entire site, we have conservatively extended the structures to allow for
establishment of structural setbacks. Neither of the two structures at the site is associated with a
clear offset of the eolian cap, or geomorphic surface expression, but we conservatively assume postdeposition offset based on apparent displacement or inferred warping of the base of the eolian cap.
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Due to the simple nature of the western fault at the site, its small apparent offset (on the order of
three inches), and its discontinuity across the site, it is reasonable to establish a minimal structural
setback of 15 feet. Review of the adjacent sections of trench wall bordering the east side of this fault
confirms the absence of past deformation within this proposed 15 foot buffer. The eastern fault
exhibits a more complex rupture pattern in older marine terrace sediments (unit Qmto), but it does
not clearly disrupt the base of the eolian cap and is not expressed in the surface morphology (that
is, there is no apparent scarp). Rather, we conservatively interpret the structure as active and carry
it across the site, even though it is clearly not active in the southern trench (MW-1-3). As the
structure appears somewhat more complex in the northern part of the site, it is appropriate to
provide a slightly enhanced setback relative to that proposed for the western fault. Review of the
trench exposures adjacent to (west of) the eastern fault provides direct evidence that a 20 foot buffer
offers adequate protection against potential future surface rupture along this fault.
These setbacks encompass areas of potential secondary shearing in adjacent trench exposures,
accommodate areas of variable fault strike, and should adequately mitigate future surface fault
rupture (assuming it occurs in the same locations in similar magnitudes as in the past). The
resulting “cleared area” is a triangular area shown on the site map in Appendix 1.

5.3

Parcel 2

A site map (with one-foot contours on an air photo background), a LiDAR hillshade image, trench
logs, and supporting data for field investigations on Parcel 2 are included in Appendix 2.
Trenches were excavated on all sides of the proposed building site on Parcel 2. Trench lengths were
on the order of 75 to 85 feet, to provide a buffer within the study area around the proposed 50-foot
by 50-foot building area. Unit Qmto was exposed as sandy silt, with characteristic iron and
manganese development. The material is thickly-bedded; individual beds appear planar and
persist along significant portions of the trenches. Unit Qmty was relatively thin across much of this
site, generally about 3 feet thick, except adjacent to faults in trench MW-2-1 where it was as much as
7 feet thick. We generally identified some portion of the buried soil remnant on unit Qmty (Btq
horizon) across the site.
Unit Qe is present across the entire site as a uniform layer about 2 to 2.5 feet thick. The unit appears
massive, as it does throughout the site; bioturbation is moderate relative to the sites encountered
during this investigation.
Complex faulting is present at two locations in trench MW-2-1. The faulting disrupts units Qmto
and Qmty along a series of N5W to N20W striking faults. Faults dip steeply to the southwest and
exhibit apparent down-to-the-southwest displacements on the order of 3 feet. There is no apparent
offset of unit Qe across these structures. The faults generally project toward subtle faults in trench
MW-2-3, although they are not as apparent at the southern edge of the study area.
The absence of geomorphic expression of faulting (relative to the offsets in the underlying marine
terrace deposits), and the lack of offset of unit Qe, provide positive evidence for the absence of
Holocene active faults within the study area on Parcel 2. As such, the area inside the trenches is
clear of surface fault rupture potential; see the site map in Appendix 2.
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5.4

Parcel 3

A site map (with one-foot contours on an air photo background), a LiDAR hillshade image, trench
logs, and supporting data for field investigations on Parcel 3 are included in Appendix 3.
Trenches were excavated on all sides of the proposed building area on Parcel 3. Trench lengths
were on the order of 75 to 80 feet, to provide a buffer within the study area around the proposed 50foot by 50-foot building area. Unit Qmto was exposed as interbeds of clayey sand and gravelly
sands, with characteristic iron and manganese development. A few prominent internal bedding
contacts were distinguishable in the older terrace materials, although several subtle, discontinuous
contacts were noted as well.
Unit Qmty was relatively thin (about 3 feet thick) in the trenches on Parcel 3, although the buried
soil (Btq horizon) was present across the site. The unit appears as a massive silty sand unit with
characteristic yellowish brown color.
Unit Qe was present across the area as a uniform veneer ranging in thickness from about 1.5 feet to
2.5 feet.
A zone of high-angle distributed shears is present in the older terrace sediments in trench MW-3-1
that records apparent down-to-the-west cumulative displacement on the order of 2 feet. These
faults strike N58W and appear to project toward trench MW-3-2, where a single shear was
identified. A single fault strand appears to offset the base of unit Qmty; most of the shears are
confined to unit Qmto. There is no apparent offset of unit Qe across any of the structures within
the trenches at the site.
The general lack of significant faulting, the absence of offset of unit Qe, and absence of geomorphic
expression of faulting all provide positive evidence for the absence of Holocene faulting within the
study area on Parcel 3. The cleared area within the trenches is shown on the site map in Appendix 3.

5.5

Parcel 4

A site map (with one-foot contours on an air photo background), a LiDAR hillshade image, trench
logs, and supporting data for field investigations on Parcel 4 are included in Appendix 4.
Three trenches, MW-4-1, MW-4-2, and MW-4-3, were initially excavated at this site to evaluate fault
rupture potential. Because an inferred active fault crosses the site, however, two additional
trenches (MW-4-3a and MW-4-4) were excavated to allow additional “cleared” area.
Parcel 4 is located at the crest of a high, southwest-facing escarpment and apparent erosion has
removed some of the upper section from the site. Unit Qmto is present in the lower portions of all
the trenches, characterized by notably gravelly materials. The unit is noticeably coarser at this site,
consisting of a pebble conglomerate containing a preponderance of well-rounded siliceous clasts.
Irregular, discontinuous interbeds of silty sand were noted locally within the conglomerate.
Unit Qmty is present as a yellowish-brown fine sandy silt layer that abruptly overlies the
underlying material in a wavy, irregular unconformity. It is relatively thin at the site, or not present
at all in the western part of the site. It appears that material was stripped from the western part of
the site prior to the deposition of the eolian cap (Unit Qe).
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Unit Qe was present across the entire site as a uniform veneer of dark brown silty very fine sand.
The unit is very heavily bioturbated at its base. It is generally about 2 feet thick across the site,
although it thins to the west near the crest of the escarpment, where it is about 1 foot thick.
Numerous northwest-trending, southwest-dipping faults are present crossing the Parcel 4 building
site. In almost all cases, the faults are confined to unit Qmto, indicating they are older (preHolocene) faults not relevant to the development potential of the site. A single fault trace in trench
MW-4-1, however, extends upward through unit Qmty, and appears to displace the base of the
eolian cap between 1.5 feet and 2 feet. This is the only significant apparent offset of unit Qe within
the study area. The fault as expressed in trench MW-4-1 strikes N20W to N25W across the trench,
and is expressed at the ground surface by a very subtle topographic inflection (see ground surface
on the trench MW-4-1 trench log in Appendix 4), although it appears much smaller at the ground
surface relative to the amount of offset at the base of the unit. Based on the criteria discussed
above, we interpret this fault as potentially active. The fault, however, projects across the site
toward trench MW-4-2, where it appears to coincide with a subtle N26W-striking fault (at station 5)
that does not extend upward through the upper units and, therefore, does not appear recently
active. This relationship suggests that the recently active fault present in trench MW-4-1 either dies
out across the site, or the relationship in trench MW-4-1 represents something other than a recent
faulting event (burial of a pre-existing feature, for example). Conservatively, we assume the fault is
active across the site, and define a building area that is setback from the fault projection.
Due to the relatively simple fault trace expressed in trench MW-4-1 and its uncertain projection
across the site (that is, it may or may not even extend across the site), we conclude that a relatively
narrow structural setback is appropriate. Based on review of the trench exposures adjacent to the
fault projection, it appears that a 15 foot buffer offers adequate setback from future potential surface
ruptures. The resulting building area (cleared of active faults) is shown in Appendix 4. The area
forms an irregular polygon that is in excess of 75 feet by 75 feet; it, therefore, exceeds the target
building area size.

5.6

Remainder Parcel

A site map (with one-foot contours on an air photo background), a LiDAR hillshade image, trench
logs, and supporting data for field investigations on the Remainder Parcel are included in
Appendix 5.
The Remainder Parcel is located near the highest point on Humboldt Hill, in the southeastern
corner of the study area. Four trenches were excavated to encompass the proposed building site.
The trenches ranged in length from 65 feet to 85 feet.
The trench set appears to expose the same stratigraphic sequence as observed at the previous sites,
although the materials here appear older, based on the degree of weathering. Unit Qmto is present
in all trenches as a group of relatively fine-grained interbeds (sandy clays, clayey sands, and so on).
These materials are highly oxidized, as previously discussed. If unit Qmty is present at the
Remainder Parcel, it exists as a brown to dark yellowish brown silty sand (with clay). It is possible
that unit Qmty is not present at this high elevation locale; all materials may be older (Qmto)
sediments. The paleosol observed on this unit (Btq horizon) was mapped at this site.
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The eolian cap (unit Qe) was present across the entire site as a uniform veneer. Unit thickness is on
the order of 1 to 2 feet; presumably reflecting the elevation at the site (less windblown material is
likely to be present on higher elevation surfaces). The base of the unit is highly bioturbated at this
site.
There is very little faulting at the Remainder site, even in the older terrace sediments. Inferred
shears are interpreted based on subtle clay seams, but these appear significantly weathered, and
old. There is only one structure in the trenches that appears to have resulted in visible stratigraphic
offset—a N57E-striking shear in trench MW-R-3 at station 23 has produced minor apparent offset of
Qmto internal bedding. None of the structures in the trench reaches or displaces the base of unit
Qe, and we conclude that the trench exposures provide positive evidence that the study area on the
Remainder Parcel is devoid of Holocene age faults. The entire area within the trenches is therefore,
clear of Holocene age faults, and suitable for development relative to the Alquist-Priolo Act.

6.0

Conclusions

1. Trench-based exploration at the five proposed building sites exposed shallow marine sediments
interpreted as late Pleistocene age marine terrace sediments, which is consistent with published
geologic mapping. Based on comparisons with regional studies using terrace altitudinal
spacing and elevation, combined with the amount of pedogenic development, the terraces at the
site are inferred to be associated with oxygen-isotope Stage 7 or older, and are inferred to be in
excess of 200,000 years old. Two distinct episodes of terrace deposition are apparent at the
site—a younger terrace episode clearly re-occupies an older surface following a period of subaerial exposure and erosion.
2. Marine terrace sediments at the site are capped by a veneer of windblown material, an eolian
cap (Unit Qe), that is interpreted to have been deposited during the most recent sea-level
regression at the onset of last glacial maximum (20,000 to 30,000 years ago). The unit is present
across the entire study area, and is the youngest stratigraphic unit exposed in the trenches. The
Qe deposit is critical in this investigation with regard to interpretation of Holocene age surface
rupture; where the eolian cap is offset or disrupted, we conservatively assume the deformation
occurred during the Holocene and the subject fault is relevant according to the criteria of the
Alquist-Priolo Act.
3. Trench exposures provide positive evidence to characterize the presence or absence of recent
faults at the site. Older, pre-Holocene faults displacing Pleistocene marine terrace deposits
were ubiquitous at the site, present at virtually every site. However, the stratigraphy allowed
us to determine which faults were relevant; specifically, those that offset or disrupt the eolian
cap (Unit Qe). Relevant, potentially active faults inferred to be Holocene-active were
encountered on Parcels 1 and 4; the remaining three parcels were devoid of recent faults.
4. Faulting at the site appears dominated by north- to northwest-trending transtensional faults
(that is, strike-slip faults with a significant normal oblique component). There appear to be two
primary fault zones passing through the study area, surrounded by broad zones of distributed
shearing.
5. Faults inferred to exhibit evidence of recent (Holocene) surface rupture were isolated from the
remainder of a study area when they were encountered. In order to mitigate potential surface
fault rupture, structural setbacks are typically developed to keep structures for human
occupancy off of active faults strands. There is no standard setback; the width of an individual
setback depends on the complexity and magnitude of the subject fault. Larger setbacks are
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appropriate for large or especially complex zones of faulting. For the subject site, setbacks were
defined based on the width of deformation observed in adjacent trench exposures and
variations in fault strike. Because all the faults interpreted as potentially Holocene active are
minor features with small offsets that are often difficult to project across individual study areas,
setbacks are relatively small compared to those for major, primary faults in the region (LSF, for
example).
6. Based on the results of this investigation, buildable areas cleared of surface fault rupture
potential were defined on each subject parcel. Buildable areas of 50 feet by 50 feet were
targeted, but each site resulted in a cleared area in excess of that size.
7. Trench backfill was placed loose, wheel rolled, and mounded over the trenches in anticipation
of settlement. It was not placed as structural fill or adequately compacted for structure support.

7.0

Closure and Limitations

The conclusions and recommendations presented herein are the results of a study of inherently
limited scope. Specifically, the scope of our services consisted solely of an evaluation of surface
fault rupture potential at the site. Our conclusions and recommendations are professional opinions
derived in accordance with current standards of professional practice. No representation, express
or implied, of warranty or guarantee is included or intended.
The data and conclusions we have presented are based on interpretations of available geological
data. Existing site conditions have evolved according to the geological processes of the past. It is
conceivable that tectonic processes may change or accelerate in an unpredictable manner in the
future. Because this portion of Humboldt County is an area of dynamic tectonism, we cannot
preclude the possibility of propagation of new faults or the lengthening of existing faults.
Therefore, all future risks from surface fault rupture cannot be precisely determined or avoided
when developing in a zone of active and potentially active faults.
This report has been prepared for the exclusive use of the Humboldt Hill Land & Cattle Company,
and applies only to the proposed development plans. If significant changes in the development
plans occur, the conclusions and recommendations contained in this report shall not be considered
valid unless the changes are reviewed by SHN and the conclusions and recommendations of this
report are verified in writing.
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HUMBOLDT HILL LAND & CATTLE COMPANY
PARCEL 1
EXPLANATION-1
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QmtY

QmtO

SILT; Dark Brown to Black, soft, non-cemented, non-plastic, abundant fine roots, very friable, heavily bioturbated, abundant krotovina
at base of unit, basal contact is wavy and diffuse.

SILT, SILT with SAND, and POORLY GRADED SAND; Light yellowish-brown to brownish-yellow, firm to hard, weakly cemented, low
plasticity, some rounded scattered pebbles and coarse sand, upper
portion of unit contains abundant krotovina, in places (MW-1-1 and
MW-1-6) upper portion of Qmty contains what is interpreted as a
paleosol (Btq horizon), basal contact is diffuse where fracturing is
evident and clear and smooth elsewhere.

POORLY GRADED SAND with SILT and SANDY SILT/SILT; Dark
yellowish-brown to yellowish-brown, low to medium plasticity, well-indurated, weakly cemented, predominantly northwest striking and
northeast dipping densely spaced fractures, abundant iron-oxide
banding, unit appears cut into by overlying stratigraphy, upper contact
is abrupt and wavy and is interpreted as an erosion surface.
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HUMBOLDT HILL LAND & CATTLE COMPANY
PARCEL 2
EXPLANATION-2

Qe

SILT with SAND; Black, dry to moist, 5-10% fine to medium sand, 5%
coarse sand and sub-rounded pebbles, abundant fine roots, heavily
bioturbated, basal contact is abrupt, irregular and wavy.

QmtY

CLAYEY SILT with SAND; Yellowish-brown, moist, 15% fine to
medium sand, 10% coarse sand and pebbles, few areas with pebble
lenses, low plasticity, basal contact diffuse and gradational.
Paleosol is developed into Qmty and is SILT with SAND; Yellowish-brown, moist, up to 30% fine to coarse sand and pebbles,
sub-rounded, 5-10% clay, low to moderate plasticity, contains abundant krotovina, basal contact is diffuse and gradational.

QmtO

SILT with SAND and CLAYEY SILT with COARSE SAND AND PEBBLES; Dark yellowish-brown, moist, coarse sand and rounded pebbles, 10% rounded gravel, lenses of poorly graded medium-grained
sand, fractures are primarily concentrated in this unit.
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QmtY

SILT with SAND; Black, dry to moist, 5-10% fine to medium sand, 5%
coarse sand and sub-rounded pebbles, abundant fine roots, heavily
bioturbated, basal contact is abrupt, irregular and wavy.

CLAYEY SILT with SAND; Yellowish-brown, moist, few areas with
pebble lenses, low plasticity, basal contact diffuse and gradational.
Paleosol is developed into Qmty and is SILT with SAND; Yellowish-brown, moist, low to moderate plasticity, contains abundant krotovina, basal contact is diffuse and gradational.

QmtO

SILT with SAND and POORLY GRADED SAND with SILT; Yellowish-brown, moist, non-plastic, very friable, coarse sand and rounded
pebbles, 10% rounded gravel, lenses of poorly graded medium-grained sand, fractures are primarily concentrated in this unit.
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HUMBOLDT HILL LAND & CATTLE COMPANY
PARCEL 4
EXPLANATION-4
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Path: \\eureka\projects\2015\015110-MorrisHH-FER\Figs\DraftedTrenchLogPDFs\Explanation-4.pdf

QmtY

SILT with SAND; Black, dry to moist, 5-10% fine to medium sand, 5%
coarse sand and sub-rounded pebbles, abundant fine roots, heavily
bioturbated, basal contact is abrupt, irregular and wavy.

SILT with SAND; Yellowish-brown, moist, 15% fine to medium sand,
10% coarse sand and pebbles, few areas with pebble lenses, low
plasticity, basal contact diffuse and gradational.
Paleosol is developed into Qmty and is SILTY CLAY with SAND;
Yellowish-brown, moist, low to moderate plasticity, contains abundant
krotovina, basal contact is diffuse and gradational.

QmtO

SILT with SAND, POORLY GRADED SAND with SILT, SILTY SAND
with PEBBLES; Yellowish-brown, moist, non-plastic, very friable,
coarse sand and rounded pebbles, 10% rounded gravel, lenses of
poorly graded medium-grained sand.
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HUMBOLDT HILL LAND & CATTLE COMPANY
REMAINDER PARCEL
EXPLANATION-R
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Path: \\eureka\projects\2015\015110-MorrisHH-FER\Figs\DraftedTrenchLogPDFs\Explanation-R.pdf

QmtY

SANDY SILT; Very dark brown, dry to moist, crumb and medium
sub-angular blocky soil structure, generally only 12 to 24” thick, very
fine to fine sand and pebbles, basal contact is smooth and abrupt in
places, gradational in others.
CLAYEY SILTY SAND/SANDY SILT; Dark yellowish-brown, moist,
15% scattered pebbles, Manganese oxide throughout moderately
plastic, basal contact is gradational and slightly wavy.
Paleosol is developed into Qmty and is SILTY CLAY with SAND;
Brown, fine sand, moderately plastic to plastic, crumb and pitted
appearance, high krotovina concentration, gradational smooth basal
contact.

QmtO

SANDY CLAY, CLAY, CLAYEY SAND, and POORLY GRADED SAND
with SILT; Dark yellowish-brown to strong brown, low plasticity, varying
degrees of sand content, 10% scattered coarse sand and pebbles,
coarse sand and pebble lenses.
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