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Geologic Resources Inventory Map Document

Redwood National Park,
California

Document to Accompany
Digital Geologic-GIS Data

redw_geology.pdf
Version: 3/8/2022

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Redwood National Park, California (REDW).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program — A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Maps and Source Citations — A listing of all GRI digital geologic-GIS maps produced
for this project along with sources used in their completion. In addition, a brief explanation of how
each source map was used is provided.

3) Map Unit List — A listing of all geologic map units present on the digital geologic-GIS map, listed
from youngest to oldest.

4) Map Unit Descriptions — Descriptions for all geologic map units. If a unit is present on multiple
source maps the unit is listed with its source geologic unit symbol, unit name and unit age followed
by the unit's description for each source map.

5) Ancillary Source Map Information — Additional source map information presented by source map.

6) GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.
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For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara

Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523

phone: (970) 491-6655

email: stephanie o'meara@partner.nps.gov
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About the NPS Geologic Resources Inventory Program
Background

The Geologic Resources Inventory (GRI) provides geologic map data and pertinent geologic
information to support resource management and science-informed decision making in more than 270
natural resource parks throughout the National Park System. Geologic resources for management
consideration include both the processes that act upon the Earth and the features formed as a result of
these processes. Geologic processes include: erosion and sedimentation; seismic, volcanic, and
geothermal activity; glaciation, rockfalls, landslides, and shoreline change. Geologic features include
mountains, canyons, natural arches and bridges, minerals, rocks, fossils, cave and karst systems,
beaches, dunes, glaciers, volcanoes, and faults.

The GRI is one of 12 inventories funded by the National Park Service (NPS) Inventory and Monitoring
Program. The Geologic Resources Division of the NPS Natural Resource Stewardship and Science
Directorate administers the GRI. The NPS Geologic Resources Division partners with the Colorado
State University Department of Geosciences to produce GRI products. Many additional partners
participate in the GRI process by contributing source maps or reviewing products.

The GRI team undertakes three tasks for each park in the Inventory and Monitoring program: (1)
conduct a scoping meeting and provide a summary document, (2) provide digital geologic map data in
a geographic information system (GIS) format, and (3) provide a GRI report. These products are
designed and written for nongeoscientists.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: https://www.nps.gov/articles/gri-geodatabase-model.
htm

Geologic Reports: GRI reports synthesize discussions from the original scoping meeting, follow up
conference call(s), and subsequent research. Chapters of each report discuss the geologic setting of
the park, distinctive geologic features and processes within the park, highlight geologic issues facing
resource managers, and describe the geologic history leading to the present-day landscape. Each
report also includes a poster illustrating these GRI digital geologic-GIS data.

For a complete listing of GRI products visit the GRI publications webpage: https://go.nps.gov/gripubs.
GRI digital geologic-GIS data is also available online at the NPS Data Store: https://irma.nps.gov/
DataStore/Search/Quick. To find GRI data for a specific park or parks select the appropriate park(s),
enter “GRI" as a Search Text term, and then select the Search button.

For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
www.nps.gov/subjects/geology/gri.htm. At the bottom of that webpage is a “Contact Us” link if you

2022 NPS Geologic Resources Inventory Program
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need additional information. You may also directly contact the program coordinator:

Jason Kenworthy

Inventory Coordinator

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 987-6923

fax: (303) 987-6792

email: Jason_Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (I1&M) Division. Learn more about I&M and the 12 baseline inventories at the
I&M webpage: https://www.nps.gov/im/inventories.htm.
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for Redwood National Park, California (REDW) are presented
below.

Digital Geologic-GIS Map of Redwood National Park and Vicinity, California (GRI MapCode
REDW)

The above GRI digital geologic-GIS map was produced from the following source map. The full extent
of the source map was and all geologic features within this extent were captured.

Delattre, Marc, and Rosinski, Anee, 2012, Preliminary Geologic Map of the Onshore Portions of the
Crescent City and Orick 30" x 60" Quadrangles, California: California Geological Survey, Preliminary
Geologic Map, scale 1:100,000 (Crescent City and Orick 30' x 60' Quadrangle (Portions of)). (GRI
Source Map ID 75672).

Digital Geohazard-GIS Map of Redwood National Park and Vicinity, California (2002 Mapping) (
GRI MapCode REDW_geohazard)

The above GRI digital geohazard-GIS map was produced from the following source map. Only a
portion of the full extent of the source map was, however, all geologic features within this extent were
captured.

Dell'Osso, D.R., Falls, J.N., and McGuire, D.J., 2002, Maps, GIS Data and Geologic Report for the
Watershed Mapping Series, Map Set 6, Redwood Creek Watershed, Humboldt County, California:
California Geological Survey, CD 2002-10, scale 1:100,000 (Redwood Creek Watershed (Geology)
). (GRI Source Map ID 74843).

In further defining how both source maps above were used the following explanations are provided.

Source data included geology and landslide data. Geomorphic and fluvial features were not captured
from these sources.

Redwood Creek Watershed landslide potential data is included in the GRI digital geohazards-GIS
data. Additional information is available in the Redwood Creek Watershed section of this document.
Additional landslide information for geohazard features is also included in the Landslide Information
(REDWLSI) table in the GRI digital geohazard-GIS data.

Features (from the Dell'Osso et al., 2002 source map) in the area of overlap with Crescent City-Orick
guadrangles were not used (see the Source Index Map figure below). Landslide direction lines present
on the Delattre and Rosinski, 2012 source map are presented in the GRI digital geologic-GIS map,
and were not transferred to the GRI digital geohazards-GIS map as the map extents between the two
source maps differed, and the landslide direction lines are associated with landslide deposits (QIs)
units present in the GRI digital geologic-GIS data.

Geohazards features from the Dell'Osso, Falls, and McGuire (2002) map are at 1:24,000 scale, all
other geology features are at 1:100,000 scale.

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (REDWMAP) table included with the GRI digital geologic-GIS data.
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Index Map

The following index map displays the extents of the GRI digital geologic-GIS maps produced for
Redwood National Park (REDW). The boundary for Redwood National Park (as of September 2013) is
outlined in green. Of note, one small area of the present park boundary (not shown, but text and line
denotes general area) in the northern third of the GRI digital geologic-GIS map isn't covered. No GRI
digital geologic-GIS data presently exists for this small area (an area of park expansion since
September 2013 ). The index map also displays the area of overlap between two data sources used in
the completion of the GRI digital geologic-GIS map.

Area of
Park Expansion

\ Crescent City-Orick 30" x 60" Quads

Overlap Area,
coverage by both sources

Redwood Creek Watershed

|:] Park Boundary

Index map by Greg Mack (NPS Pacific West Region). As mentioned above, the park boundary shown
is from September, 2013, and doesn't therefore show the extent of the park boundary as of March,
2022. Added figure text does, however, indicate the general area not covered by the GRI digital
geologic-GIS maps. See text above the index map for additional information.
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Redwood National Park,
California (REDW) are listed below. Units are listed with their assigned unit symbol and unit name (e.
g.,Qaf - Artificial fill). Units are listed from youngest to oldest. No description for water is provided.
Information about each geologic unit is also presented in the GRI Geologic Unit Information
(REDWUNIT) table included with the GRI digital geologic-GIS data. Some source unit symbols, names
and/or ages may have been changed in this document and in the GRI digital geologic-GIS data. This
was done if a unit was considered to be the same unit as one or more units on other source maps
used for this project, and these unit symbols, names and/or ages differed. In this case a single unit
symbol and name, and the unit's now recognized age, was adopted.

Cenozoic Era

Quaternary Period

Qaf - Artificial fill

Qbs - Beach deposits

Qhc - Stream channel deposit, younger

Qscu - Stream channel deposit
Qsc?2 - Stream channel deposit, 5 to 20 years
Qsc3 - Stream channel deposit, 20 to 50 years
Qsc4 - Stream channel deposit, 50 to 100 years

Qscl - Stream channel deposit, between levees

Qds - Dune sand

Qal - Recent alluvium

Qha - Young alluvial deposits, undifferentiated

Ohf - Young alluvial fan deposits

Qht - Young stream terrace deposits

Qe - Estuarine deposits

Qf - Alluvial fan deposits

Qa - Alluvial deposits, undifferentiated

QI - Lacustrine deposits

Qt - Stream terrace deposits

QlIs - Landslide deposits

Qrt - Undifferentiated river terrace deposits

Qort - Undifferentiated continental and marine deposits

Qby - Battery Formation

Qmt - Marine terrace deposits
Qmtl - Marine terrace deposits, Patrick's Point terrace
Qmt2 - Marine terrace deposits, Savage Creek terrace and McKinleyville terrace
Qmt3 - Marine terrace deposits, Westhaven terrace
Qmt4 - Marine terrace deposits and Sky Horse terrace
Qmt5 - Marine terrace deposits, A-Line terrace
Qmt6 - Marine terrace deposits, Maple Stump terrace

Qsc - Terrace gravels of Surpur Creek

Of note, in the overlap area between the two source maps used by the GRI to produce the digital
geologic-GIS map, Qha is comprised of units Qsc3, Qscl, and Qal. Although units Qsc3 and Qal are
listed these units are not actually present in the GRI digital geologic-GIS data, they simply comprise
the indicated unit.

2022 NPS Geologic Resources Inventory Program



REDW GRI Map Document

Quaternary and Tertiary Periods

QTu - Undifferentiated marine and nonmarine overlap deposits
QTpc - Prairie Creek Formation

Qtg - Undifferentiated continental and marine deposits

Tertiary Period

Twi - Wimer Formation
Tsg - St. George Formation
Ti - Coyote Peak diatreme

Mesozoic Era
Cretaceous and Jurassic Periods

Franciscan Complex

KJfm - Franciscan Complex, Central Belt, mélange of the Central Belt
KJfmgs - Franciscan Complex, Central Belt, mélange of the Central Belt, greenstone block

KJfsc - Franciscan Complex, Central Belt, Sandstone and Mélange unit of Snow Camp Mountain

KJfmg - Franciscan Complex, Eastern Belt, metagraywacke

KJfbf - Franciscan Complex, Eastern Belt, Broken formation

KJfmc - Franciscan Complex, Eastern Belt, mélange unit of Crescent City area
KJfmcgs - Franciscan Complex, Eastern Belt, mélange unit of Crescent City area, greenstone
KJfmcch - Franciscan Complex, Eastern Belt, mélange unit of Crescent City area, chert
KJfmcmg - Franciscan Complex, Eastern Belt, mélange unit of Crescent City area, metagraywacke
KJfmcu - Franciscan Complex, Eastern Belt, mélange unit of Crescent City area, undifferentiated
rock mass

KJfs - Franciscan Complex, Eastern Belt, South Fork Mountain Schist

KJfsp - Franciscan Complex, Eastern Belt, serpentinite

Franciscan units of Hardin and others (1982)

KJfl - Franciscan units of Harden and others (1982), coherent unit of Lacks Creek

KJfc - Franciscan units of Harden and others (1982), incoherent unit of Coyote Creek

KJfg - Franciscan units of Harden and others (1982), transitional rocks of the Grogan Fault Zone

KJfrc - Franciscan units of Harden and others (1982), Redwood Creek schist
KJfrcmv - Franciscan units of Harden and others (1982), Redwood Creek schist, metatuff
KJfrcsp - Franciscan units of Harden and others (1982), Redwood Creek schist, serpentine
KJfpp - Franciscan units of Harden and others (1982), Patrick's Point unit of Aalto and others (1981)

Jurassic Period

Josephine ophiolite of Harper (1980)

Jdc - Josephine ophiolite of Harper (1980), dike complex

Jagb - Josephine ophiolite of Harper (1980), gabbro

Juc - Josephine ophiolite of Harper (1980), cumulate ultramafic rocks

Jpd - Josephine ophiolite of Harper (1980), peridotite

Jsp - Josephine ophiolite of Harper (1980), sheared serpentinite

Jspm - Josephine ophiolite of Harper (1980), serpentinite matrix mélange
Jspmms - Josephine ophiolite of Harper (1980), metasedimentary mélange blocks
Jspmgs - Josephine ophiolite of Harper (1980), greenstone mélange blocks
Jspmar - Josephine ophiolite of Harper (1980), granitic rock mélange blocks

Jk - Klamath Mountain rocks, undifferentiated
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.
Unit symbols, names and/or ages in a unit descriptions, or on a correlation of map units or other
source map figure were not edited. If a unit symbol, name or age was changed by the GRI the unit's
source map symbol, name and/or age appears with the unit's source map description.

Qaf - Artificial fill (Historical)

af - Artificial fill (historical)
Includes earth and rock fill for dam, levee, jetty, and roadway embankments; may be engineered and/
or non-engineered. Description from source map: Crescent City and Orick 30" x 60' Quadrangle

(Portions of)

af - Artificial fill (Holocene)

Heterogeneous mixture of artificially deposited material ranging from well compacted, gravel, sand, silt
and clay to poorly compacted sediment high in organic content, locally delineated. Description from
source map: Redwood Creek Watershed (Geology)

Qbs - Beach deposits (Holocene)

Qbs - Beach sand (latest Holocene)
Well-sorted fine- to coarse-grained sand with some fine gravel; may locally include dune sand.
Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Qbs - Beach sand (Holocene)

Unconsolidated marine-laid deposits of fine to coarse grained sand with lesser amounts of silt clay,
shell fragments and Franciscan cobbles and gravel, may migrate seasonally. Description from source
map: Redwood Creek Watershed (Geology)

Qhc - Stream channel deposit, younger (latest Holocene)

Fluvial deposits within active stream channels composed of loose sand, silt and gravel. Description
from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Qscu - Stream channel deposit (Holocene)

Interbedded boulders, cobbles, gravel, sand, silt and day within active stream channels and flood
plains. May include some silt and clay estuarine deposits near the mouth of creeks. Description from
source map: Redwood Creek Watershed (Geology)

Qsc2 - Stream channel deposit, 5 to 20 years (Holocene)

Same as Qscu except, deposited during flood stage return periods of 5 to 20 years. Description from
source map: Redwood Creek Watershed (Geology)
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Qsc3 - Stream channel deposit, 20 to 50 years (Holocene)

Same as Qscu except, deposited during flood stage return periods of 20 to 50 years. Description from
source map: Redwood Creek Watershed (Geology)

Of note, unit Qsc3 doesn't appear in the GRI digital geologic-GIS data, however, as noted in the Map
Unit Listing, as well as with the map unit description for unit Qha, this unit comprises unit Qha (along
with units Qscl and Qal) in the area of overlap between the two source maps used to produce the GRI
digital geologic-GIS map.

Qsc4 - Stream channel deposit, 50 to 100 years (Holocene)

Same as Qscu except, deposited during flood stage return periods of 50 to 100 years. Description
from source map: Redwood Creek Watershed (Geology)

Qscl - Stream channel deposit, between levees (Holocene)

Stream channel confined between levees containing interbedded boulders, cobbles, gravel, sand, silt
and clay within active stream channels and flood plains. May include some silt and clay estuarine
deposits near the mouth of creeks. Description from source map: Redwood Creek Watershed

(Geology)

Of note, unit Qscl doesn't appear in the GRI digital geologic-GIS data, however, as noted in the Map
Unit Listing, as well as with the map unit description for unit Qha, this unit comprises unit Qha (along
with units Qsc3 and Qal) in the area of overlap between the two source maps used to produce the
GRI digital geologic-GIS map.

Qds - Dune sand (Holocene)

Active dunes and older eolian deposits near the coast; typically very well sorted fine- to medium-
grained sand; includes both vegetated and unvegetated dunes. Description from source map:
Crescent City and Orick 30' x 60" Quadrangle (Portions of)

Qal - Recent alluvium (Holocene)

Clay, silt, sand, gavel, and boulders, deposited in stream beds, alluvial fans, terraces, flood plains and
ponds; and soils formed on these deposits. Includes largely Holocene deposits in modem stream
channels and on flood plains. Description from source map: Redwood Creek Watershed (Geology)

Of note, unit Qal doesn't appear in the GRI digital geologic-GIS data, however, as noted in the Map
Unit Listing, as well as with the map unit description for unit Qha, this unit comprises unit Qha (along
with units Qsc3 and Qscll) in the area of overlap between the two source maps used to produce the
GRI digital geologic-GIS map.

Qha - Young alluvial deposits, undifferentiated (Holocene)

Alluvium deposited in fan, terrace, or basin environments that could not be readily separated at scale
of mapping. Typically, consist of unconsolidated, poorly to moderately sorted sand, silt, and gravel that
form smooth geomorphic surfaces with little to no dissection. Description from source map: Crescent
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City and Orick 30' x 60' Quadrangle (Portions of)

Of note, in the area of overlap between the two source maps used to produce the GRI digital geologic-
GIS map, unit Qha is comprised of the following units, Qsc3, Qscl and Qal. See these individual unit
descriptions for a "collective description" of unit Qha in the area of source map overlap (see the Index
Map for this depiction and discussion).

Qhf - Young alluvial fan deposits (Holocene)

Sediment emanating from canyons to produce relatively undissected, fan-shaped deposits along
mountain fronts and on alluvial valley floors. Typically consists of unconsolidated, moderately to poorly
sorted and composed of sand, gravel, silt, and clay. Description from source map: Crescent City and
Orick 30' x 60' Quadrangle (Portions of)

Qht - Young stream terrace deposits (Holocene)

Sand, gravel, silt, and minor clay deposited in recent flood plain settings along rivers; form relatively
flat surface with little or no dissecting. Description from source map: Crescent City and Orick 30' x 60'
Quadrangle (Portions of)

Qe - Estuarine deposits (Holocene)

Qe - Estuarine deposits (Holocene)
Unconsolidated clay, silt, and fine sand deposited in estuary and tidal flat settings near the coast.
Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Qe - Estuarine deposits (Holocene-Pleistocene)
Undifferentiated and unconsolidated day, silt and fine sand. Description from source map: Redwood
Creek Watershed (Geology)

Qf - Alluvial fan deposits (Pleistocene to Holocene)

Qf - Alluvial fan deposits (Holocene to Pleistocene)

Poorly sorted deposits of sand, gravel, silt and clay; mapped on sloping, fan-shaped alluvial surfaces
that are slightly to moderate dissected. Description from source map: Crescent City and Orick 30" x 60'
Quadrangle (Portions of)

Qf - Alluvial fans (Holocene)

Characteristic fan or cone shapes at the mouths of eroding stream canyons; includes debris fans
typically consisting of poorly sorted silt, sand, gavel, cobbles and some boulders. Description from
source map: Redwood Creek Watershed (Geology)

Qa - Alluvial deposits, undifferentiated (Holocene and Pleistocene)

Unconsolidated, moderately to poorly sorted sand, gravel, silt and clay mapped in small valleys and
where separate fan, terrace, and active stream channel units could not be delineated at the scale of
mapping. Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)
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QI - Lacustrine deposits (Holocene and Pleistocene)

Undifferentiated and unconsolidated lake deposits of clay, silt and fine sand. Description from source
map: Redwood Creek Watershed (Geology)

Qt - Stream terrace deposits (Pleistocene to early Holocene)

Erosional remnants of older alluvium forming relatively flat or gently sloping surfaces in a raised
position relative to recent flood plains. Slightly to moderately weathered and dissected deposits of
gravel, sand silt and clay. Description from source map: Crescent City and Orick 30' x 60' Quadrangle

(Portions of)

Qls - Landslide deposits (Pleistocene to historical)

Limited to relatively large, deep-seated landslides and slide complexes where the existence is
considered definite or probable; not intended to represent an inventory of all recognized or suspected
landslides in the area. Arrows indicate direction of movement. Description from source map: Crescent
City and Orick 30' x 60' Quadrangle (Portions of)

Qrt - Undifferentiated river terrace deposits (Holocene and Pleistocene)

Interbedded boulders, cobbles, gravel, sand, silt and clay, lithologically similar to modern alluvium
accumulated in stream channels found on flat-lying to gently-inclined platforms where they were
deposited during floods. Individual terraces with distinctly different elevations were noted separately.
Description from source map: Redwood Creek Watershed (Geology)

Qort - Undifferentiated continental and marine deposits (Holocene and
Pleistocene)

Undifferentiated older river terrace deposits: Holocene-Pleistocene. Weakly consolidated, moderately
to poorly sorted, gravel, sand, silty sand, silt and clay deposited in a fluvial environment and
subsequently uplifted. Description from source map: Redwood Creek Watershed (Geology)

Qby - Battery Formation (late Pleistocene)

Marine terrace deposits with interfingering dune sands and alluvial gravels; overlying abrasion
platforms dated at approximately 80, 105, and 125+ thousand years old (Polenz and Kelsey, 1999);
consists largely of tan to reddish-brown, semiconsolidate, medium-grained sands alternating with blue-
gray silty clay and imbricated gravels. Description from source map: Crescent City and Orick 30' x 60'
Quadrangle (Portions of)
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Qmt - Marine terrace deposits (Pleistocene)

Qmt1-Qmt6 - Marine terrace deposits (Pleistocene)

Qmt, Qmtl - Qmt6 - Marine terrace deposits (Pleistocene)

Shallow marine deposits on elevated wave-cut platforms; also older dune deposits and interfingering
non-marine deposits. North of Redwood Creek, includes massive sands with discontinuous pebble
layers that unconformably rests on an erosional surface cut on both the Redwood Creek Schist and
Prairie Creek Formation, and formerly referred to as the Skunk Cabbage unit of the Prairie Creek
Formation (Kelsey and Trexler, 1989). May also include abrasion platforms were little or no
Pleistocene deposits remain. Uplifted and faulted marine terraces at Trinidad; terrace names and
approximate ages (ka=1000 years) from Woodward-Clyde Consultants (1980), and Carver (1992):

Qmtl - Patricks Point terrace, age 64 ka

Qmt2 - Savage Creek terrace, age 83 ka, and McKinleyville terrace, age 96 ka
Qmt3 - Westhaven Terrace, 103 ka

Qmt4 - Fox Farm terrace, 120 ka, and Sky Horse terrace, age 130 ka

Qmt5 - A-Line terrace, age 176 ka and older.

Qmt6 - Maple Stump terrace, age 200+ ka

Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Qmt - Marine terrace deposits (Pleistocene)
Sand and gravel deposited in a shallow marine setting on gently-inclined uplifted wave-cut benches.
Description from source map: Redwood Creek Watershed (Geology)

Qsc - Terrace gravels of Surpur Creek (Pleistocene)

Alluvial terrace gravels with minor sand and silt facies that cap ridge tops along the lower Klamath
River. Near the mouth of the river these deposits are interbedded with near-shore marine silts and
sands (Aalto and others, 1981); unconformably overlies the Prairie Creek Formation to the south;
thought to have been deposited by the ancient Klamath River. Informally referred to as the Surpur
Creek unit of the Prairie Creek formation by Kelsey and Trexler (1989), but described as terrace
deposits separate from the Prairie Creek Formation by Cashman et al. (1995).

QTu - Undifferentiated marine and nonmarine overlap deposits (late
Pliocene? to Pleistocene)

Qu - Undifferentiated marine and nonmarine overlap deposits (Pleistocene to late Pliocene?)
Includes multiple stratigraphic units of tilted, unconformably bounded sequences of weekly
consolidated sands, silts and gravels representing transgressive-regressive cycles of deposition in
nearshore marine, beach, dune, lagoon and alluvial settings (Aalto, 1989b). Portions are considered
part of, or equivalent to the upper Falor Formation (Carver, 1987) and/or Wildcat group of the Eel River
basin to the southeast.

QTpc - Prairie Creek Formation (late Pliocene to early Pleistocene)

QTpc - Prairie Creek Formation (early Pleistocene to late Pliocene)

Weakly consolidated sand and gravel, grading upward from shallow marine sand in the lower part to
deltaic, estuarine and coarse fluvial sand and gravel in the upper parts; appears to be a remnant of the
lowermost reaches of the ancestral Klamath River (Cashman and others, 1995). Marine mollusks in
the lower part of the unit are similar to those found in the Falor Formation and are thought to constrain
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the lower age limit to 2-4 Ma (Kelsey and Trexler, 1989).Description from source map: Crescent City
and Orick 30' x 60" Quadrangle (Portions of)

QTpc - Prairie Creek Formation (Pleistocene - Pliocene)

Weakly consolidated shallow marine and alluvial sediments. Dominantly composed of marine sands,
beach, estuarine, and alluvial deposits, grading upward from medium to coarse sand, pebbles, cobbles
and mixed small metamorphic and igneous boulders with minor organic-rich mud. Protothaca hannibali
discovered at base of unit (Cashman et al., 1995). Unit is relatively stable from a mass wasting
perspective. Rock slides and debris slides are the typical modes of movement.

The Prairie Creek Formation was deposited over an approximately 1 to 4 million year time period
(Cashman and others, 1995). This unit consists of weakly consolidated shallow marine and alluvial
sediments inferred to represent near-shore sedimentary deposits related to the ancestral mouth of the
Klamath River (Figure G3) (Cashman and others, 1995). This unit is dominantly composed of marine
sands, beach, estuarine and alluvial deposits, grading upward from medium to coarse sand, pebbles,
cobbles and metamorphic and igneous boulders and minor organic-rich mud.

The Prairie Creek Formation is probably largely derived from Klamath Terrane rocks farther inland
rather than the nearby Franciscan Complex because there is very little Franciscan debris within it.
Additionally, this debris is found near the bottom of the section (Cashman and others, 1995). The best
exposures are along the cliffs of Gold Bluffs Beach (the type locality), eight miles north of Orick. Total
exposed section of this unit at Gold Bluffs Beach is approximately 1,500 feet thick. A single mollusk
fossil (Protothaca hannibali) discovered at the base of the unit provides a general age of the formation
because it has an age span from about 1 to 4 million years before the present. No other conclusive
age-determinant information has been identified (Cashman and others, 1995). This unit is relatively
stable from a mass wasting perspective. Occasional rock slides and debris slides are the typical
modes of movement, when it occurs. Description from source map: Redwood Creek Watershed

(Geology)

QTg - Undifferentiated continental and marine deposits (Pleistocene and
Pliocene)

Deposits typically consist of gravel, sand! gravel, and gravelly sandy silt deposited in terrigeneous and
near shore environments.

These deposits are slightly older (possibly late Pliocene) than the Prairie Creek Formation (Kelsey and
Cashman, 1983) and typically consist of gravel, sandy gravel and gravelly sandy silt deposited in
continental and near-shore environments. This unit is relatively stable from a mass wasting
perspective because it occupies gently sloping ridge crests in the northeast portion of the watershed.
Description from source map: Redwood Creek Watershed (Geology)

Twi - Wimer Formation (late Miocene)

Erosional remnants of material accumulated on the “Klamath peneplain” of Diller (1902), an elevated,
westward-tilted erosion surface recognized over a large area in the highlands east of Crescent City.
Consists of a western estuarine marine facies of fossiliferous mudstone, sandstone and pebble
conglomerate, and an eastern fluvial facies of coarse conglomerate and subordinate sandstone
(Stone, 1992). Molluscan fauna suggest late Miocene age (Watkins, 1974). Age of diatoms from the
unit initially thought to be earliest Pliocene were reinterpreted as late Miocene (Aalto, 2006).
Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)
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Tsg - St. George Formation (late Miocene)

Bioturbated marine sandstone and sandy mudstone with scattered pebbles, carbonized wood, and
fragmented molluscan shells. Exposed in wave cut cliffs west of Crescent City and encountered in
borings beneath the coastal plain. Description from source map: Crescent City and Orick 30' x 60'
Quadrangle (Portions of)

Ti - Coyote Peak diatreme (Tertiary)

Alkalic intrusive igneous rock composed of olivine, clinopyroxene, phlogopite, nepheline, acmite,
schorlomitic garnet, titanomagnetite, perovskite, apatite and some rare sulfide minerals. Inclusions of
Franciscan sedimentary rocks and aphanitic (micro-crystalline) alkalic igneous rocks are present.

Located approximately 5 miles north of Pine Ridge Summit. This rock is thought to have intruded into
the Coyote Creek unit after it was emplaced against North America. Description from source map:
Redwood Creek Watershed (Geology)

KJfm - Franciscan Complex, Central Belt, melange of the Central Belt (mid to
Late Cretaceous and Early Jurassic)

Tectonic mixture of penetratively sheared argillite and graywacke that forms a matrix around more
coherent masses of greywacke and isolated blocks of greenstone, chert, and serpentinite, as well as
exotic blocks of blueschist and other high grade metamorphic rock that are notably absent from the
Eastern Belt mélange units (KJfms and KJfc) north of the Grogan fault. Description from source map:
Crescent City and Orick 30' x 60" Quadrangle (Portions of)

KJfmgs - Franciscan Complex, Central Belt, melange of the Central Belt,
greenstone block (mid to Late Cretaceous and Early Jurassic)
gs

Large enough to be shown at map scale. Description from source map: Crescent City and Orick 30" x
60" Quadrangle (Portions of)

KJfsc - Franciscan Complex, Central Belt, Sandstone and Melange unit of
Snow Camp Mountain (Cretaceous and Jurassic)

Bedded graywacke bodies intermixed with pervasively sheared shale-rich melange containing blocks
of metagraywacke, metachert, volcanic breccia, metavolcanic rocks, greenstone and blueschist. Unit
appears to behave in similar manner as Incoherent Unit of Coyote Creek. Geomorphology is varied
with steep slopes forming in areas underlain by sandstone. More subdued, hummocky terrain in areas
underlain by melange. Earthflows are the dominant mode of mass wasting.

This unit underlies the southern portion of the watershed and consists of bodies of intact sandstone
intermixed with a pervasively sheared shale-rich mélange containing blocks of metagraywacke,
metachert, volcanic breccia, metabasalt, metatuff, metavolcanic rocks, greenstone and glaucophane-
lawsonite blueschist (Figure G3). Based on our aerial photograph interpretation and mapping, this
material appears to behave in a similar manner mechanically as the incoherent unit of Coyote Creek.
The geomorphology is varied with steep slopes forming in areas underlain by relatively competent
sandstone and more subdued hummocky terrain in areas underlain by mélange. Earthflows are the
dominant mode of mass wasting. A large earthflow complex in this unit dominates the headwaters of
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Redwood Creek and appears to have deflected the channel eastward several hundred feet.
Description from source map: Redwood Creek Watershed (Geology)

KJfmg - Franciscan Complex, Eastern Belt, metagraywacke (Cretaceous and
Jurassic)

Foliated metagraywacke and argillite of textural zone Il (Blake and others, 1976) found in a thin zone
along the west side of the Coast Range Thrust fault; includes tectonic blocks of recrystallized chert and
greenstone (Aalto and Harper, 1982). Description from source map: Crescent City and Orick 30' x 60'
Quadrangle (Portions of)

KJfbf - Franciscan Complex, Eastern Belt, Broken formation (Early
Cretaceous and Late Jurassic)

Massive greywacke sandstone, and interbedded sandstone, mudstone, and conglomerate tectonically
fragmented into blocks in a shaley matrix; appears unmetamorphosed (textural zone 1 of Blake and
others, 1967). Masses of bedded chert exposed along fault in the Requa 7.5’ quadrangle up to 20
meters thick and conformably overlain by sandstone and shale to the east (Aalto and Harper, 1982).
Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

KJfmc - Franciscan Complex, Eastern Belt, melange unit of Crescent City
area (Cretaceous and Jurassic)

Tectonically disrupted blocks of greywacke, shale, conglomerate, chert, limestone, phyllite,
greenstone, and serpentinite, in a shaley matrix; contact with KJfbf to the east is gradational, marked
by the disappearance of chert and greenstone blocks (Aalto and Harper, 1982). Unlike mélange of the
Central Belt (KJfm), exotic blocks of blueschist are absent. Where exposed along the shoreline west of
Crescent City, some disruption of strata interpreted as due to olistostromal deposition and soft-
sediment deformation of turbidite beds (Aalto, 1989a). Individual blocks large enough to be shown at
this map scale are as follows: gs, mg, ch,and u. Description from source map: Crescent City and Orick
30' x 60' Quadrangle (Portions of)

KJfmcgs - Franciscan Complex, Eastern Belt, melange unit of Crescent City
area, greenstone (Cretaceous and Jurassic)
gs

Individual blocks large enough to be shown at this map scale. Greenstone; mostly agglomerate, felsic
tuff, and pillow basalt. Description from source map: Crescent City and Orick 30' x 60" Quadrangle

(Portions of)

KJfmcch - Franciscan Complex, Eastern Belt, melange unit of Crescent City
area, chert (Cretaceous and Jurassic)
ch

Individual blocks large enough to be shown at this map scale. Red and green, thin bedded, radiolarian
chert. Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)
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KJfmcmg - Franciscan Complex, Eastern Belt, melange unit of Crescent City
area, metagraywacke (Cretaceous and Jurassic)
mg

Individual blocks large enough to be shown at this map scale. Metagraywacke. Description from
source map: Crescent City and Orick 30" x 60" Quadrangle (Portions of)

KJfmcu - Franciscan Complex, Eastern Belt, melange unit of Crescent City
area, undifferentiated rock mass (Cretaceous and Jurassic)

u
Individual blocks large enough to be shown at this map scale. Undifferentiated rock mass mapped
from a distance or aerial photos, but lithology not confirmed in the field.

KJfs - Franciscan Complex, Eastern Belt, South Fork Mountain Schist
(Cretaceous and Jurassic)

Dominant rock type is quartz-albite-muscovite-chlorite schist. Mineralogically similar to Redwood
Creek Schist. Appears nearly identical to Redwood Creek schist at hand-sample scale. Includes
foliated greenstone and quartz-gneissic rocks. Surface expression is geomorphically variable. The
dominant mode of mass wasting is large dormant earthflows.

The dominant rock is dark gray to green quartz-albite-muscovite-chlorite schist. The South Fork
Mountain Schist is not as extensive as the Redwood Creek schist in the watershed (4,000 v. 77,000
acres), but has similar mineralogical characteristics (Figure G3). Includes foliated greenstone and
guartz-gneissic rocks. The surface expression is geomorphically variable. It has a well-developed
foliation (platy texture), is fine-grained and typically has quartz veins oriented parallel to the foliation
based on our field examination of hand specimens and outcrop exposures. The dominant modes of
mass wasting in this unit appear to be large, dormant landslide complexes, active earthflows and large
rotational landslides as seen within the unit farther to the southeast in the upper portion of the
Redwood Creek watershed. Most of these large features appear to be dormant at this time. Other
modes of mass wasting in this unit account for less than 1% of the total within the unit. Description
from source map: Redwood Creek Watershed (Geology)

KJfsp - Franciscan Complex, Eastern Belt, serpentinite (Cretaceous and
Jurassic)
Sp

Serpentine and serpentinized ultramafic rocks. Description from source map: Redwood Creek
Watershed (Geology)

KJfl - Franciscan units of Harden and others (1982), coherent unit of Lacks
Creek (Cretaceous and Jurassic)

KJfl - Coherent unit of Lacks Creek (Cretaceous and Jurassic)

Unmetamorphosed sandstone and mudstone assemblage mapped by Harden and others (1982) in the
Redwood Creek watershed east of the Grogan fault; equivalent to broken formation (KJfbf). Sandstone
occurs as massive beds up to 10 m thick, but can’t be traced far laterally due to complex folding and
faulting. Mudstone comprises a noticeably lower percentage of the coherent unit than KJfc and
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tectonic blocks of chert and greenstone are not found. Description from source map: Crescent City
and Orick 30' x 60" Quadrangle (Portions of)

KJfl - Coherent Unit of Lacks Creek (Cretaceous-Jurassic)

Sandstone and mudstone assemblage underlying the Redwood Creek basin east of the Grogan Fault.
Unit appears to have two distinct facies. Type locality ("south Lacks Creek facies") consists of resistant
assemblage of sandstone and mudstone. Relatively intact sections of interbedded sandstone and
mudstone show sedimentary structures characteristic of turbidites (Cashman et al., 1995). Topography
is steep and rugged and debris slides are common. Harden and others (1982) also map Lacks Creek
Unit adjacent to Redwood Creek channel in Upper Basin. "North Lacks Creek facies" forms gentle
topography compared to "south facies" and is populated with numerous dormant rotational landslides
and earthflows. Eastern portion contains occasional debris slide slopes. "North facies" appears to be
closely related, in rock texture, to Incoherent Unit of Coyote Creek.

This unit underlies the east side of the watershed and appears to have two distinct facies (Figures G3 -
G4). The type locality of the Lacks Creek Unit (“south Lacks Creek facies” in this report) consists of a
relatively resistant assemblage of sandstone and mudstone. Relatively intact sections of interbedded
sandstone and mudstone show rhythmic bedding and sedimentary structures characteristic of
turbidites (repeating sequences of sandstone and siltstone deposited underwater by density currents).
Sandstones are composed of lithic greywacke and quartzofeldspathic greywacke (Cashman and
others, 1995). Massive sandstone beds are up to 10 m thick and are typically 0.1 - 3 m thick where
interbedded with mudstone. Topography is steep and rugged and debris slides slopes are common
(Figure G4, Plate 1, Sheet 2). This unit is best seen along the northeast side of the watershed in the
Lacks and Minor Creek drainages. Harden and others (1982) also mapped the Lacks Creek unit
adjacent to the Redwood Creek channel in the Upper Basin. The “north Lacks Creek facies” forms
gentle topography compared to the “south facies” and is populated with numerous dormant rotational
landslides and occasional debris slide slopes (Plate 1, Sheet 1). The north facies appears to be more
closely related, at least from an overall rock texture basis, to the incoherent unit of Coyote Creek
(KJfc), because its topographic style and mode of mass wasting more closely resemble the incoherent
unit of Coyote Creek than the south Lacks facies (Figure G4). Description from source map: Redwood
Creek Watershed (Geology)

KJfc - Franciscan units of Harden and others (1982), incoherent unit of
Coyote Creek (Cretaceous and Jurassic)

KJfc - Incoherent unit of Coyote Creek (Cretaceous and Jurassic)

Mélange unit in the vicinity of the Grogan fault consisting of brecciated and sheared mudstone and
sandstone enclosing tectonic blocks of chert, greenstone and sandstone, as well isolated bedded
sequences of sandstone and chert. Like the mélange unit of the Crescent City area (KJfmc), exotic
blueschist blocks are absent and the degree of shearing is less extreme than the mélange of the
Central Belt. Description from source map: Crescent City and Orick 30" x 60" Quadrangle (Portions of)

KJfc - Incoherent Unit of Coyote Creek (Cretaceous-Jurassic)

Unit consists dominantly of fine-gained sandstone and mudstone assemblage. Unit has been sheared
into melange by tectonic processes. Coyote Creek: Unit is further characterized by presence of
greenstone, chert and minor conglomerate. Greenstone blocks are found as "floaters" in pervasively
sheared mudstone matrix. Soils developing on bedrock are highly susceptible to sliding. Areas
dominated by melange generally form rounded hilltops with gentle slopes and poorly developed sidehill
drainages. Several large topographic amphitheaters along the east side of the watershed appear to
have formed over time from long-term episodic action of numerous earthflows. Sharp-crested ridges
with moderately steep slopes and well-defined drainage systems develop where upper edges of earth
flow complexes meet. Intact tectonic blocks (usually sandstone) within Coyote Creek Unit stand out
from surrounding landscape as steep-sided rocky knobs. Active earthflows and composite slides are
main modes of mass wasting in melange matrix of Coyote Creek Unit.

Such "earthflow amphitheaters” appear to represent what we informally call “probability surfaces” in
this report. In this hypothesis, these are surfaces that have been created over time through the actions
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of thousands of earthflows occurring throughout the amphitheater in much the same way as alluvial
fans develop at the bottoms of hillsides. Alluvial fans develop when watercourses exit hill-fronts and
migrate back and forth across valley floors, depositing sediment as they go. The eventual result is a
broad cone of sediment with its apex at the base of the hill-front. “Earthflow amphitheaters” may form
over time by material being removed from the system by earthflow activity (“negative probability
surfaces”) whereas alluvial fans form by material being added to the system (“positive probability
surfaces”).

Sharp-crested ridges with moderately steep slopes and well-defined drainage systems tend to develop
where the upper edges of earthflow complexes meet. Intact tectonic blocks (usually sandstone) within
the Coyote Creek Unit stand out from the surrounding landscape as steep-sided rocky knobs. Active
earthflows are the main modes of mass wasting in the mélange matrix of the Coyote Creek unit.
Mélange matrix typically underlies the expansive grassland and lightly wooded areas present in the
southeastern portion of the watershed. Well-developed gully networks are common within the more
active portions of earthflow complexes and are considered significant sediment sources because they
are directly connected to the drainage system. Description from source map: Redwood Creek
Watershed (Geology)

KJfg - Franciscan units of Harden and others (1982), transitional rocks of the
Grogan Fault Zone (Cretaceous and Jurassic)

KJfg - Transitional rocks of the Grogan Fault Zone (Cretaceous and Jurassic)

Metamorphosed mudstone, sandstone, and lesser conglomerate of textural zone 1l (Blake and others,
1976) found in a thin zone along the Grogan Fault Zone. Metaconglomerate exhibits alignment and
shattering of clasts. Mudstone exhibit platy cleavage and a phyllitic sheen due to the presence of
metamorphic chlorite and white mica; lawsonite is common in the sandstones (Harden and others,
1982). Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

KJfg - Transitional Rocks of the Grogan Fault Zone (Cretaceous-Jurassic)

Phyllitic sandstone and mudstone with minor greenstone, metaconglomerate and exotic blocks of
blueschist. Degree of metamorphism is intermediate between unmetamorphosed rocks of the Coyote
Creek and lacks Creek Units and the Redwood Creek: Schist. Metaconglomerate exhibits alignment
and shattering of clasts. Most unstable unit in the watershed. The dominant modes of mass wasting
are debris slides and rotational/translational landslides.

Metaconglomerates exhibit alignment, deformation and shattering of clasts. Grogan fault zone rocks
are described as intermediate in texture and degree of metamorphism between the Redwood Creek
schist and the sandstone and mudstone units (Harden and others, 1982). These rocks crop out along
the trace of the Grogan fault and underlie much of the inner gorge of Redwood Creek (Figure G3).
Most of the mapped near-channel debris slides along the mainstem of Redwood Creek are found in
this unit. Debris slides are the dominant mode of mass wasting and occur 400 to 500% more often in
this unit than any other in the basin. This predisposition to debris slides indicates the presence of
relatively weak rock within the unit.

Earthflows are also indicated in our analyses as important modes of transport within this unit, but we
suspect that this is primarily the case where the earthflows have started upslope of the Grogan fault
zone rocks in weak units and have simply flowed across the fault zone on their way to Redwood
Creek. Further fieldwork and statistical analyses are needed to evaluate this hypothesis. Description
from source map: Redwood Creek Watershed (Geology)
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KJfrc - Franciscan units of Harden and others (1982), Redwood Creek schist
(Early Cretaceous and Late Jurassic)

KJfrc - Redwood Creek Schist (Cretaceous and Jurassic)

Predominately fine-grained schist, semischist, and coarse-grained metagraywacke belonging to
textural zones Il and Ill (Blake and others,1967); typical mineral assemblage consists of quartz,
chlorite, white mica, and albite, and less frequently epidote, actinolite, and lawsonite (Cashman and
others., 1995). Description from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions

of)

KJfr - Redwood Creek Schist (Cretaceous-Jurassic)

Light green to dark gray fine-grained foliated and crenulated quartz-mica schist. Unit is distinctive
because of its strongly developed platy (metamorphic) texture and high quartz/mica content. Appears
nearly identical to South Fork Mountain schist at hand-sample scale. Large variations in texture,
composition and degree of deformation are reportedly seen within this unit (Cashman et al., 1995).
Several other types of rocks occur within the unit, including altered sandstone, greenstone, and tuff.
Outcrops occasionally contain minor amounts of epidote, actinolite, lawsonite, and minor graphite.
Large dormant rotational/translational landslide complexes and earthflows are common along the main
channel of Redwood Creek and its western tributaries.

The unit is distinctive because of its strongly developed platy (metamorphic) textures and high quartz/
mica content. The Redwood Creek schist and South Fork Mountain Schist units appear nearly identical
at hand-sample scale. Several other types of rocks occur within the unit, including metasandstone,
greenstone (altered basalt) and tuff. Large variations in texture, composition and degree of
deformation are reportedly seen within this unit (Cashman and others, 1995). Outcrops occasionally
contain minor amounts of epidote, actinolite, lawsonite and graphite.

Large dormant rotational/translational landslide complexes and earthflows are common along the main
channel of Redwood Creek and its western tributaries. These features typically are seen as broad,
bowl-shaped depressions in the hillsides that often extend from the Creek to the ridgetop (Figure G6).
The large features do not appear to be recently active from a geomorphic perspective, but rather
contain occasional areas of localized activity. Careful field reconnaissance is necessary to evaluate the
relative stability of specific areas on these slopes.

Several factors appear to cause a significantly higher surface erosion rate in areas underlain by schist
(KJfr, KJfs) after logging than on comparable slopes underlain by different parent material (Marron and
others, 1995). The main factor appears to be how exposure of schist soils to ash leachate following a
fire causes them to become less cohesive and readily erodible. Schist soils of the Sites series in the
watershed are described as rich in kaolinite (a low plasticity clay) (http://www.statlab.iastate.edu/cgi-
bin/osd/osdname.cqi?-P - 9/25/2013 Server not found. Attempted to locate web page but could not.)
and varying from non-sticky to slightly sticky when wet (University of California, 1965).

Clay minerals have a platy form and many types of clay adhere together in tiny book-like clumps
(flocculate) because of attractive charges between the particles. Such materials are known as
flocculated clays and are cohesive (cling together well). Cohesive clays are relatively resistant to
erosion as a result (Bell, 1998). Not all clays are cohesive, however. Kaolinite is a clay mineral that has
a relatively low cohesion and is susceptible to dispersion when exposed to ash leachate (Holcomb and
Durgin, 1979). Dispersed clays have an open structure because the attractive forces between particles
are weak. This clay mineral is commonly found in soils developed from Redwood Creek schist bedrock
as discussed earlier. Description from source map: Redwood Creek Watershed (Geology)

2022 NPS Geologic Resources Inventory Program


http://www.statlab.iastate.edu/cgi-bin/osd/osdname.cgi?-P
http://www.statlab.iastate.edu/cgi-bin/osd/osdname.cgi?-P

REDW GRI Map Document 21

KJfrcmv - Franciscan units of Harden and others (1982), Redwood Creek
schist, metatuff (Early Cretaceous and Late Jurassic)
mv - metatuff (Cretaceous and Jurassic)

Minor interbeds of metatuff within the Redwood Creek Schist. Description from source map: Crescent
City and Orick 30' x 60' Quadrangle (Portions of)

KJfrcv - Metatuff (Cretaceous-Jurassic)
Moderately metamorphosed tuff beds interbedded in the Redwood Creek Schist. Description from
source map: Redwood Creek Watershed (Geology)

KJfrcsp - Franciscan units of Harden and others (1982), Redwood Creek
schist, serpentine (Early Cretaceous and Late Jurassic)
sp

Blocks of serpentinite within Redwood Creek Schist. Description from source map: Crescent City and
Orick 30' x 60' Quadrangle (Portions of)

KJfpp - Franciscan units of Harden and others (1982), Patrick's Point unit of
Aalto and others (1981) (Early Cretaceous and Late Jurassic)

Foliated and moderately reconstituted (textural zone 2 of Blake and others, 1967) mudstone,
sandstone and minor conglomerate. Description from source map: Crescent City and Orick 30' x 60'
Quadrangle (Portions of)

Jdc - Josephine ophiolite of Harper (1980), dike complex (Late Jurassic)

Dark-green to light-green aphanitic to fine-grained mafic dikes averaging approximately 60 cm in
width. Chilled margins are locally well preserved. Dike cores are generally coarser-grained towards
base. The upper part is commonly altered to epidosites. Most dikes are subparallel resulting in a well
defined sheeting. Description from source map: Crescent City and Orick 30' x 60' Quadrangle

(Portions of)

Jgb - Josephine ophiolite of Harper (1980), gabbro (Late Jurassic)

Medium-grained non-diabasic gabbro, locally intercalated with cumulate ultramafics, and commonly
intruded by diabase dikes. Gradational contact with underlying cumulate ultramafic rocks. Description
from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Juc - Josephine ophiolite of Harper (1980), cumulate ultramafic rocks (Late
Jurassic)

Fine- to medium-grained, layered olivine and orthopyroxene-bearing gabbro displaying cumulate
texture, cut by diabase dikes that increase in abundance in upper part of gabbro; locally cut by dikelets
of hornblende-albite pegmatite and lesser biotite-bearing plagiogranite. Description from source map:
Crescent City and Orick 30' x 60" Quadrangle (Portions of)
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Jpd - Josephine ophiolite of Harper (1980), peridotite (Late Jurassic)

Predominantly medium- to coarse-grained layered and foliated harzburgite tectonite, with subordinate
dunite, lherzolite, and orthopyroxenite. Generally greater than 50% serpentinized; sheared and
serpentinized near faults. Description from source map: Crescent City and Orick 30' x 60' Quadrangle

(Portions of)

Jsp - Josephine ophiolite of Harper (1980), sheared serpentinite (Jurassic)

Fault bounded zones of highly sheared serpentinite. Description from source map: Crescent City and
Orick 30' x 60" Quadrangle (Portions of)

Jspm - Josephine ophiolite of Harper (1980), serpentinite matrix melange
(Jurassic)

Zone along the Coast Range Thrust fault of pervasively sheared serpentinite enclosing blocks of
peridotite, metasedimentary rocks (ms), greenstone (gs), and granitic rocks (qr).
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Jspmms - Josephine ophiolite of Harper (1980), metasedimentary melange
blocks (Jurassic)

ms
Mélange blocks of metasedimentary rocks within Serpentinite matrix mélange. Description from source
map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Jspmgs - Josephine ophiolite of Harper (1980), greenstone melange blocks
(Jurassic)

gs

Greenstone Mélange blocks of metasedimentary rocks within Serpentinite matrix mélange. Description
from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Jspmgr - Josephine ophiolite of Harper (1980), granitic rock melange blocks
(Jurassic)
gr

Granitic rock mélange blocks within serpentinite matrix mélange (Jspm). Description from source
map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Jk - Klamath Mountain rocks, undifferentiated (Jurassic)

Undifferentiated rocks of the Klamath Mountain tectonic province. Commonly consist of sheared
serpentinite, partially serpentinized peridotite and associated minor mafic intrusive rocks correlative
with the Josephine ophiolite and a zone of tectonically mixed rocks consisting of metagraywacke,
diorite, serpentinite, and foliated greenstone along the South Fork Mountain Fault zone.

These rocks are seen as a small area (<1% of the basin) of sheared serpentinite and altered peridotite
with minor volcanic and sedimentary rocks along the watershed boundary approximately 2 miles
southeast of Berry Summit (Figure G3) (Harden and others, 1982; Cashman and others, Description
from source map: Redwood Creek Watershed (Geology)
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Ancillary Source Map Information
The following sections present ancillary source map information associated with sources used for this

project.

Crescent City and Orick 30" x 60" Quadrangle (Portions of)

The formal citation for this source.

Delattre, Marc, and Rosinski, Anee, 2012, Preliminary Geologic Map of the Onshore Portions of the
Crescent City and Orick 30" x 60" Quadrangles, California: California Geological Survey, Preliminary
Geologic Map, scale 1:100,000 (GRI Source Map ID 75672).

See the GRI Digital Maps and Source Map Citations of this document for how the above source map
was used in the completion of the GRI digital geologic-GIS map.

The source geologic map and pamphlet are available for the web at: http://conservation.ca.gov//cgs/
rghm/rgm/Pages/preliminary _geologic_maps.aspx

Prominent graphics and text associated with this source.

Index to Geologic Source Data

ABBREVIATED INDEX TO GEOLOGIC SOURCE DATA
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(SEE PAMPHLET FOR COMPLETE REFERENCES)

1. Harper, 1980; Elder and Reichert, 2010; Evans, 1984; Stone, 1983, for Wimer Formation;
Quaternary mapping by Delattre, this study.

2. Davenport, 1983b; Aalto, 1981; Quaternary mapping by Delattre, this study.

3. Davenport, 1983c; Back, 1957; Aalto and others, 1981; Quaternary mapping by Delattre,
this study.

4. Davenport, 1983a; Back, 1957; Aalto and others, 1981; Stone, 1983, for Wimer
Formation; Quaternary mapping by Delattre, this study.

5. Davenport, 1982; Back, 1957; Aalto, 2006, for Point St. George area; Polenz and Kelsey,
1999; Quaternary mapping by Delattre, this study.

6. Davenport, 1984a; Aalto and Harper, 1982; Wills, 2000; Ristau, 1979; Quaternary
mapping by Delattre, this study.

7. Davenport, 1984b; Aalto and Harper, 1982; Quaternary mapping by Delattre, this study.
8. Aalto and others, 1981; Cashman and others, 1995; Kelsey and Trexler, 1989.

9. Dell'Osso and others, 2003; Cashman and others, 1995; Hardin and others, 1982; Aalto
and others, 1981; Quaternary mapping by Delattre and Rosinski, this study.

10. Aalto and others, 1981; Quaternary mapping by Delattre and Rosinski, this study.

11. Aalto and others, 1981; Carver, 1992, Woodward-Clyde Consultants, 1980, and Aalto,
1989b for marine terraces; Quaternary mapping by Delattre and Rosinski, this study.

Graphic from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)
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Correlation of Map Units
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Figure 2. Correlation of map units for the Crescent City and Orick 30” x 60” quadrangles.

Graphic from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)
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Abbreviated Unit Explanation

ABBREVIATED EXPLANATION

(Approximate stratigraphic relationships only; see pamphlet for more detailed information)
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Avrtificial fill (historical)
Stream channel deposits (latest Holocene)
Beach deposits (latest Holocene)
Young alluvial deposits, undifferentiated (Holocene)
Young alluvial fan deposits (Holocene)
Young stream terrace deposits (Holocene)
Dune sand (Holocene)
Estuarine deposits (Holocene)
Landslide deposits (historical to Pleistocene)
Alluvial deposits, undifferentiated (Holocene to latest Pleistocene)
Alluvial fan deposits (Holocene to Pleistocene)
Stream terrace deposits (early Holocene to Pleistocene)
Battery Formation (late Pleistocene)
Marine terrace deposits (Pleistocene)
Trinidad marine terraces; names and approximate ages (ka=1000 years)
from Woodward-Clyde Consultants (1980), and Carver (1992):
Patricks Pt. terrace, age 64 ka
Savage Creek terrace, age 83 ka, and McKinleyville terrace, age 96 ka
Westhaven terrace, 103 ka
Fox Farm terrace, 120 ka, and Sky Horse terrace, 130 ka
A-Line terrace, 176 ka and older
Maple Stump terrace, 200+ ka
Terrace gravels of Surpur Creek (Pleistocene)
Undifferentiated marine and nonmarine overlap deposits (Pleistocene to late Pliocene?)
Prairie Creek Formation (early Pleistocene to late Pliocene)
Wimer Formation (late Miocene)

St. George Formation (late Miocene)
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Franciscan Complex - Central Belt

Mélange of the Central Belt (Late Cretaceous to Late Jurassic)

Greenstone block within mélange

Franciscan Complex - Eastern Belt

Broken formation (Early Cretaceous to Middle Jurassic)

Melange unit of Crescent City area (Early Cretaceous to Middle Jurassic)
Blocks within mélange:

Greenstone
Chert
Metagraywacke
Undifferentiated

Metagraywacke (Cretaceous to Jurassic)

Redwood Creek watershed units of Hardin and others (1982)

Coherent unit of Lacks Creek (Cretaceous to Jurassic)
Incoherent unit of Coyote Creek (Cretaceous to Jurassic)
Transitional rocks of the Grogan Fault Zone (Cretaceous to Jurassic)
Redwood Creek Schist (Early Cretaceous to Late Jurassic)
Interbedded metatuff
Serpentinite block

Patricks Point unit of Aalto and others, 1981 (Cretaceous to Jurassic)

Klamath Mountains Province - Western Jurassic Belt
Josephine Ophiolite of Harper (1980)

Dike Complex (Late Jurassic)

Gabbro (Late Jurassic)

Peridotite (Late Jurassic)

Cumulate ultramafic rocks (Late Jurassic)
Sheared serpentinite (Jurassic)

Serpentinite matrix mélange (Jurassic)
Blocks within mélange:

Greenstone
Granitic rocks

Metasedimentary rocks

Graphic from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)
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Map Legend

SYMBOL EXPLANATION

Contact between map units - Hashed where gradational; solid
where accurately located, dashed where approximately
located; short dash where inferred; dotted where concealed;
queried where uncertain.

NN ——— — — — = — 2

7 u 2. Fault - Solid where accurately located; dashed where
D approximately located; short dash where inferred; dotted where
concealed; queried where uncertain; bar and ball on
downthrown side. U = upthrown block, D = downthrown block.

Thrust fault - Sawteeth on upper plate; solid where accurately

S e A e located; dashed where approximately located; short dash
where inferred; dotted where concealed; queried where
existance uncertain

$ e Anticline - Solid where accurately located, dashed where
approximately located; dotted where concealed.

_*_ e s e Dl Syncline - Solid where accurately located, dashed where
approximately located; dotted where concealed.

Strike and dip of bedding:

1T Inclined
— Vertical
25
Overturned
25
NAN Crumpled

Approximate

Strike and dip of foliation:

. linclined

—— Vertical

o Strike and dip of joints or fractures
2 Strike and dip if igneous layering
. Strike and dip of dike walls

% Landslide - arrows indicate principal direction of movement.

Graphic from source map: Crescent City and Orick 30' x 60' Quadrangle (Portions of)

Map Pamphlet

A embedded copy of the Preliminary Geologic Map of the Onshore Portions of the Crescent City and
Orick 30" x 60' Quadrangles, California map pamphlet is available as a separate Acrobat document (
Crescent_City-Orick_100k_v1-0_pamphlet.pdf). (double-click link to open pamphlet).
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INTRODUCTION

The Preliminary Geologic Map of the Onshore Portion of the Crescent City and Orick 30°x60’
Quadrangles, California was compiled from existing geologic mapping covering the area between 41°
and 42° N. latitude and 124° E. longitude to the Pacific Ocean coast (Figure 1). This map was prepared
by the Department of Conservation, California Geological Survey (CGS) and was supported in part by
the U.S. Geological Survey (USGS) STATEMAP award No. G11AC20220.

This map is a compilation of existing geologic mapping from a number of sources (see Figure 3),
together with new mapping of Quaternary deposits in valleys and along the coast, and of selected larger
landslides that could be reasonably displayed at map scale. Existing digital data were used in this
compilation where available. For areas where digital data were not available, CGS digitized contacts and
geologic features from scanned geologic maps.

BASE MATERIAL

The base materials used for the geologic map of the Crescent City and Orick 30°x 60’ quadrangles
consists of a shaded-relief and a topographic map images. The topographic base maps are taken from the
USGS digital raster graphics (DRGs) of the Crescent City 1:100,000-scale quadrangle and Orick
1:100,000-scale quadrangle, which are available from the Cal-Atlas Geospatial Clearinghouse
(http://www.atlas.ca.gov/). The shaded-relief image is derived from a 30 meter resolution digital
elevation model (DEM) obtained from the National Elevation Dataset (NED).
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quadrangle and Orick 30x60-minute quadrangle.
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Index map showing 7.5-minute quadrangles within the Crescent City 30x60-minute
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11.

Abbreviated data sources
(see references for complete citations)

Harper, 1980; Elder and Reichert, 2010; Evans, 1984;
Stone, 1983, for Wimer Formation; Quaternary mapping
by Delattre, this study.

Davenport, 1983b; Aalto, 1981; Quaternary mapping by
Delattre, this study.

Davenport, 1983c¢; Back, 1957; Aalto and others, 1981;
Quaternary mapping by Delattre, this study.

Davenport, 1983a; Back, 1957; Aalto and others, 1981;
Stone, 1983, for Wimer Formation; Quaternary mapping
by Delattre, this study.

Davenport, 1982; Back, 1957; Aalto, 2006, for Point St.
George area; Polenz and Kelsey, 1999; Quaternary
mapping by Delattre, this study.

Davenport, 1984a; Aalto and Harper, 1982; Wills 2000;
Ristau, 1979; Quaternary mapping by Delattre, this study.
Davenport, 1984b; Aalto and Harper, 1982; Quaternary
mapping by Delattre, this study.

Aalto and others, 1981; Cashman and others, 1995; Kelsey
and Trexler, 1989.

Dell’Osso and others, 2003; Cashman and others, 1995;
Hardin and others, 1982; Aalto and others, 1981;
Quaternary mapping by Delattre and Rosinski, this study.
Aalto and others, 1981; Quaternary mapping by Delattre
and Rosinski, this study.

Aalto and others, 1981; Aalto, 1989b, Carver, 1992, and
Woodward-Clyde Consultants, 1980, for marine terraces;
Quaternary mapping by Delattre and Rosinski, this study.

Figure 3. Index map showing sources of geologic map data used in this compilation of the Crescent

City and Orick 30°x60° quadrangles.
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DESCRIPTION OF MAP UNITS

Artificial fill (historical) — Includes earth and rock fill for dam, levee, jetty, and roadway
embankments; may be engineered and/or non-engineered.

Stream channel deposits (latest Holocene) — Fluvial deposits within active stream channels
composed of loose sand, silt and gravel.

Beach sand (latest Holocene) — Well-sorted fine- to coarse-grained sand with some fine
gravel; may locally include dune sand.

Dune sand (Holocene) - Active dunes and older eolian deposits near the coast; typically very
well sorted fine- to medium-grained sand; includes both vegetated and unvegetated dunes.

Young alluvial deposits, undifferentiated (Holocene) — Alluvium deposited in fan, terrace,
or basin environments that could not be readily separated at scale of mapping. Typically,
consist of unconsolidated, poorly to moderately sorted sand, silt, and gravel that form smooth
geomorphic surfaces with little to no dissection.

Young alluvial fan deposits (Holocene) — Sediment emanating from canyons to produce
relatively undissected, fan-shaped deposits along mountain fronts and on alluvial valley
floors. Typically consists of unconsolidated, moderately to poorly sorted and composed of
sand, gravel, silt, and clay.

Young stream terrace deposits (Holocene) — Sand, gravel, silt, and minor clay deposited in
recent flood plain settings along rivers; form relatively flat surface with little or no
dissecting.

Estuarine deposits (Holocene) — Unconsolidated clay, silt, and fine sand deposited in
estuary and tidal flat settings near the coast.

Alluvial deposits, undifferentiated (Pleistocene and Holocene) - Unconsolidated,
moderately to poorly sorted sand, gravel, silt and clay mapped in small valleys and where
separate fan, terrace, and active stream channel units could not be delineated at the scale of

mapping.

Alluvial fan deposits (Holocene to Pleistocene) — Poorly sorted deposits of sand, gravel, silt
and clay; mapped on sloping, fan-shaped alluvial surfaces that are slightly to moderate
dissected.

Stream terrace deposits (early Holocene to Pleistocene) — Erosional remnants of older
alluvium forming relatively flat or gently sloping surfaces in a raised position relative to
recent flood plains. Slightly to moderately weathered and dissected deposits of gravel, sand
silt and clay.





Qls Landslide deposits (historical to Pleistocene) — Limited to relatively large, deep-seated
landslides and slide complexes where the existence is considered definite or probable; not
intended to represent an inventory of all recognized or suspected landslides in the area.
Arrows indicate direction of movement.

Qby Battery Formation (late Pleistocene) — Marine terrace deposits with interfingering dune
sands and alluvial gravels; overlying abrasion platforms dated at approximately 80, 105, and
125+ thousand years old (Polenz and Kelsey, 1999); consists largely of tan to reddish-
brown, semiconsolidate, medium-grained sands alternating with blue-gray silty clay and
imbricated gravels.

Qmt Marine terrace deposits (Pleistocene) — Shallow marine deposits on elevated wave-cut
platforms; also older dune deposits and interfingering non-marine deposits. North of
Redwood Creek, includes massive sands with discontinuous pebble layers that
unconformably rests on an erosional surface cut on both the Redwood Creek Schist and
Prairie Creek Formation, and formerly referred to as the Skunk Cabbage unit of the Prairie
Creek Formation (Kelsey and Trexler, 1989). May also include abrasion platforms were
little or no Pleistocene deposits remain.

Uplifted and faulted marine terraces at Trinidad; terrace names and approximate ages
(ka=1000 years) from Woodward-Clyde Consultants (1980), and Carver (1992):

Qmtl  Patricks Pt. terrace, age 64 ka

Qmt2  Savage Creek terrace, age 83 ka, and McKinleyville terrace, age 96 ka

Qmt3  Westhaven Terrace, 103 ka

Qmt4  Fox Farm terrace, 120 ka, and Sky Horse terrace, age 130 ka

Qmt5  A-Line terrace, age 176 ka and older.

Qmt6  Maple Stump terrace, age 200+ ka

Qsc Terrace gravels of Surpur Creek (Pleistocene) — Alluvial terrace gravels with minor sand
and silt facies that cap ridge tops along the lower Klamath River. Near the mouth of the river
these deposits are interbedded with near-shore marine silts and sands (Aalto and others,
1981); unconformably overlies the Prairie Creek Formation to the south; thought to have
been deposited by the ancient Klamath River. Informally referred to as the Surpur Creek unit
of the Prairie Creek formation by Kelsey and Trexler (1989), but described as terrace
deposits separate from the Prairie Creek Formation by Cashman et.al. (1995).

Qu Undifferentiated marine and nonmarine overlap deposits (Pleistocene to late Pliocene?)
— Includes multiple stratigraphic units of tilted, unconformably bounded sequences of
weekly consolidated sands, silts and gravels representing transgressive-regressive cycles of
deposition in nearshore marine, beach, dune, lagoon and alluvial settings (Aalto, 1989b).
Portions are considered part of, or equivalent to the upper Falor Formation (Carver, 1987)
and/or Wildcat group of the Eel River basin to the southeast.

QTpc Prairie Creek Formation (early Pleistocene to late Pliocene) —Weakly consolidated sand
and gravel, grading upward from shallow marine sand in the lower part to deltaic, estuarine
and coarse fluvial sand and gravel in the upper parts; appears to be a remnant of the
lowermost reaches of the ancestral Klamath River (Cashman and others, 1995). Marine
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mollusks in the lower part of the unit are similar to those found in the Falor Formation and
are thought to constrain the lower age limit to 2-4 Ma (Kelsey and Trexler, 1989).

Wimer Formation (late Miocene) — Erosional remnants of material accumulated on the
“Klamath peneplain” of Diller (1902), an elevated, westward-tilted erosion surface
recognized over a large area in the highlands east of Crescent City. Consists of a western
estuarine marine facies of fossiliferous mudstone, sandstone and pebble conglomerate, and
an eastern fluvial facies of coarse conglomerate and subordinate sandstone (Stone, 1992).
Molluscan fauna suggest late Miocene age (Watkins, 1974). Age of diatoms from the unit
initially thought to be earliest Pliocene were reinterpreted as late Miocene (Aalto, 2006).

St. George Formation (late Miocene) — Bioturbated marine sandstone and sandy mudstone
with scattered pebbles, carbonized wood, and fragmented molluscan shells. Exposed in wave
cut cliffs west of Crescent City and encountered in borings beneath the coastal plain.

Franciscan Complex — Central Belt

Mélange of the Central Belt (mid to Late Cretaceous and Early Jurassic) — Tectonic

mixture of penetratively sheared argillite and graywacke that forms a matrix around more

coherent masses of greywacke and isolated blocks of greenstone, chert, and serpentinite, as

well as exotic blocks of blueschist and other high grade metamorphic rock that are notably

absent from the Eastern Belt mélange units (KJfms and KJfc) north of the Grogan fault.
Greenstone block large enough to be shown at map scale.

Franciscan Complex — Eastern Belt

Broken formation (Early Cretaceous and Late Jurassic) — Massive greywacke sandstone,
and interbedded sandstone, mudstone, and conglomerate tectonically fragmented into blocks
in a shaley matrix; appears unmetamorphosed (textural zone 1 of Blake and others, 1967).
Masses of bedded chert exposed along fault in the Requa 7.5 quadrangle up to 20 meters
thick and conformably overlain by sandstone and shale to the east (Aalto and Harper, 1982).

Mélange unit of Crescent City area (Cretaceous and Jurassic) — Tectonically disrupted
blocks of greywacke, shale, conglomerate, chert, limestone, phyllite, greenstone, and
serpentinite, in a shaley matrix; contact with KJfbf to the east is gradational, marked by the
disappearance of chert and greenstone blocks (Aalto and Harper, 1982). Unlike mélange of
the Central Belt (KJfm), exotic blocks of blueschist are absent. Where exposed along the
shoreline west of Crescent City, some disruption of strata interpreted as due to olistostromal
deposition and soft-sediment deformation of turbidite beds (Aalto, 1989a).
Individual blocks large enough to be shown at this map scale are as follows:

Greenstone; mostly agglomerate, felsic tuff, and pillow basalt.

Metagraywacke

Red and green, thin bedded, radiolarian chert

Undifferentiated rock mass mapped from a distance or aerial photos, but lithology not

confirmed in the field.





KJfmg

Metagraywacke (Cretaceous and Jurassic) — Foliated metagraywacke and argillite of
textural zone II (Blake and others, 1976) found in a thin zone along the west side of the Coast
Range Thrust fault; includes tectonic blocks of recrystallized chert and greenstone (Aalto and
Harper, 1982).

Franciscan units of Hardin and others (1982) in the Redwood Creek watershed

KJfl

Klfc

Klfrc

Klpp

Coherent unit of Lacks Creek (Cretaceous and Jurassic) — Unmetamorphosed sandstone
and mudstone assemblage mapped by Harden and others (1982) in the Redwood Creek
watershed east of the Grogan fault; equivalent to broken formation (KJfbf). Sandstone occurs
as massive beds up to 10 m thick, but can’t be traced far laterally due to complex folding and
faulting. Mudstone comprises a noticeably lower percentage of the coherent unit than KJfc
and tectonic blocks of chert and greenstone are not found.

Incoherent unit of Coyote Creek (Cretaceous and Jurassic) — Mélange unit in the vicinity
of the Grogan fault consisting of brecciated and sheared mudstone and sandstone enclosing
tectonic blocks of chert, greenstone and sandstone, as well isolated bedded sequences of
sandstone and chert. Like the mélange unit of the Crescent City area (KJfmc), exotic
blueschist blocks are absent and the degree of shearing is less extreme than the mélange of
the Central Belt.

Transitional rocks of the Grogan Fault Zone (Cretaceous and Jurassic) —
Metamorphosed mudstone, sandstone, and lesser conglomerate of textural zone II (Blake and
others, 1976) found in a thin zone along the Grogan Fault Zone. Metaconglomerate exhibits
alignment and shattering of clasts. Mudstone exhibit platy cleavage and a phyllitic sheen due
to the presence of metamorphic chlorite and white mica; lawsonite is common in the
sandstones (Harden and others, 1982).

Redwood Creek Schist (Cretaceous and Jurassic) — Predominately fine-grained schist ,
semischist, and coarse-grained metagraywacke belonging to textural zones II and III (Blake
and others,1967); typical mineral assemblage consists of quartz, chlorite, white mica, and
albite, and less frequently epidote, actinolite, and lawsonite (Cashman and others., 1995).
Also includes minor interbedded metatuff (mv) and blocks of serpentinite (sp).

Patricks Point unit of Aalto and others, 1981(Cretaceous and Jurassic) — Foliated and
moderately reconstituted (textural zone 2 of Blake and others, 1967) mudstone, sandstone
and minor conglomerate.





Klamath Mountains Province — Western Jurassic Belt
Josephine Ophiolite of Harper (1980)

Jdc Dike complex (Late Jurassic) — Dark-green to light-green aphanitic to fine-grained mafic
dikes averaging approximately 60 cm in width. Chilled margins are locally well preserved.
Dike cores are generally coarser-grained towards base. The upper part is commonly altered to
epidosites. Most dikes are subparallel resulting in a well defined sheeting.

Jgb Gabbro (Late Jurassic) — Medium-grained non-diabasic gabbro, locally intercalated with
cumulate ultramafics, and commonly intruded by diabase dikes. Gradational contact with
underlying cumulate ultramafic rocks.

Juc Cumulate ultramafic rocks (Late Jurassic) — Fine- to medium-grained, layered olivine and
othopyroxene-bearing gabbro displaying cumulate texture, cut by diabase dikes that increase
in abundance in upper part of gabbro; locally cut by dikelets of hornblende-albite pegmatite
and lesser biotite-bearing plagiogranite.

Jpd Peridotite (Late Jurassic) — Predominantly medium- to coarse-grained layered and foliated
harzburgite tectinite, with subordinate dunite, lehrzolite, and orthopyroxinite. Generally
greater than 50% serpentinized; sheared and serpentinized near faults.

sp Sheared serpentinite (Jurassic) — Fault bounded zones of highly sheared serpentinite.
spm Serpentinite matrix mélange (Jurassic) — Zone along the Coast Range Thrust fault of

pervasively sheared serpentinite enclosing blocks of peridotite, metasedimentary rocks (ms),
greenstone (gs), and granitic rocks (gr).
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		INTRODUCTION

		BASE MATERIAL

		af  Artificial fill (historical) – Includes earth and rock fill for dam, levee, jetty, and roadway embankments; may be engineered and/or non-engineered.

		Qhc  Stream channel deposits (latest Holocene) – Fluvial deposits within active stream channels composed of loose sand, silt and gravel.

		Qbs  Beach sand (latest Holocene) – Well-sorted fine- to coarse-grained sand with some fine gravel; may locally include dune sand.

		Qds  Dune sand (Holocene) - Active dunes and older eolian deposits near the coast; typically very well sorted fine- to medium-grained sand; includes both vegetated and unvegetated dunes.

		Qha  Young alluvial deposits, undifferentiated (Holocene) – Alluvium deposited in fan, terrace, or basin environments that could not be readily separated at scale of mapping.  Typically, consist of unconsolidated, poorly to moderately sorted sand, sil...

		Qhf  Young alluvial fan deposits (Holocene) – Sediment emanating from canyons to produce relatively undissected, fan-shaped deposits along mountain fronts and on alluvial valley floors.  Typically consists of unconsolidated, moderately to poorly sorte...

		Qht Young stream terrace deposits (Holocene) – Sand, gravel, silt, and minor clay deposited in recent flood plain settings along rivers; form relatively flat surface with little or no dissecting.

		Qe Estuarine deposits (Holocene) – Unconsolidated clay, silt, and fine sand deposited in estuary and tidal flat settings near the coast.

		Qa Alluvial deposits, undifferentiated (Pleistocene and Holocene) - Unconsolidated, moderately to poorly sorted sand, gravel, silt and clay mapped in small valleys and where separate fan, terrace, and active stream channel units could not be delineate...

		Qf Alluvial fan deposits (Holocene to Pleistocene) – Poorly sorted deposits of sand, gravel, silt and clay; mapped on sloping, fan-shaped alluvial surfaces that are slightly to moderate dissected.

		Qt Stream terrace deposits (early Holocene to Pleistocene) – Erosional remnants of older alluvium forming relatively flat or gently sloping surfaces in a raised position relative to recent flood plains.  Slightly to moderately weathered and dissected ...

		Qls Landslide deposits (historical to Pleistocene) – Limited to relatively large, deep-seated landslides and slide complexes where the existence is considered definite or probable; not intended to represent an inventory of all recognized or suspected ...

		Qby  Battery Formation (late Pleistocene) – Marine terrace deposits with interfingering dune sands and alluvial gravels; overlying abrasion platforms dated at approximately 80, 105, and 125+ thousand years old (Polenz and Kelsey, 1999);  consists larg...

		Qmt  Marine terrace deposits (Pleistocene) – Shallow marine deposits on elevated wave-cut platforms; also older dune deposits and interfingering non-marine deposits.  North of Redwood Creek, includes massive sands with discontinuous pebble layers that...

		Qsc  Terrace gravels of Surpur Creek (Pleistocene) – Alluvial terrace gravels with minor sand and silt facies that cap ridge tops along the lower Klamath River. Near the mouth of the river these deposits are interbedded with near-shore marine silts an...

		Qu  Undifferentiated marine and nonmarine overlap deposits (Pleistocene to late Pliocene?) — Includes multiple stratigraphic units of tilted, unconformably bounded sequences of weekly consolidated sands, silts and gravels representing transgressive-re...

		QTpc Prairie Creek Formation (early Pleistocene to late Pliocene) —Weakly consolidated sand and gravel, grading upward from shallow marine sand in the lower part to deltaic, estuarine and coarse fluvial sand and gravel in the upper parts; appears to b...

		Twi Wimer Formation (late Miocene) – Erosional remnants of material accumulated on the “Klamath peneplain” of Diller (1902), an elevated, westward-tilted erosion surface recognized over a large area in the highlands east of Crescent City.  Consists of...

		Tsg  St. George Formation (late Miocene) – Bioturbated marine sandstone and sandy mudstone with scattered pebbles, carbonized wood, and fragmented molluscan shells.  Exposed in wave cut cliffs west of Crescent City and encountered in borings beneath t...

		KJfm Mélange of the Central Belt (mid to Late Cretaceous and  Early Jurassic) – Tectonic mixture of penetratively sheared argillite and graywacke that forms a matrix around more coherent masses of greywacke and isolated blocks of greenstone, chert, an...

		gs Greenstone block large enough to be shown at map scale.

		KJfbf Broken formation (Early Cretaceous and Late Jurassic) – Massive greywacke sandstone, and interbedded sandstone, mudstone, and conglomerate tectonically fragmented into blocks in a shaley matrix; appears unmetamorphosed (textural zone 1 of Blake ...

		KJfmc Mélange unit of Crescent City area (Cretaceous and Jurassic) – Tectonically disrupted blocks of greywacke, shale, conglomerate, chert, limestone, phyllite, greenstone, and serpentinite, in a shaley matrix; contact with KJfbf to the east is grada...

		Individual blocks large enough to be shown at this map scale are as follows:

		gs Greenstone; mostly agglomerate, felsic tuff, and pillow basalt.

		mg Metagraywacke

		ch Red and green, thin bedded, radiolarian chert

		u  Undifferentiated rock mass mapped from a distance or aerial photos, but lithology not confirmed in the field.

		KJfmg Metagraywacke (Cretaceous and Jurassic) – Foliated metagraywacke and argillite of textural zone II (Blake and others, 1976) found in a thin zone along the west side of the Coast Range Thrust fault; includes tectonic blocks of recrystallized cher...

		KJfl  Coherent unit of Lacks Creek (Cretaceous and Jurassic) – Unmetamorphosed sandstone and mudstone assemblage mapped by Harden and others (1982) in the Redwood Creek watershed east of the Grogan fault; equivalent to broken formation (KJfbf). Sandst...

		KJfc Incoherent unit of Coyote Creek (Cretaceous and Jurassic) – Mélange unit  in the vicinity of the Grogan fault consisting of brecciated and sheared mudstone and sandstone enclosing tectonic blocks of chert, greenstone and sandstone, as well isolat...

		KJfg Transitional rocks of the Grogan Fault Zone (Cretaceous and Jurassic) – Metamorphosed mudstone, sandstone, and lesser conglomerate of textural zone II (Blake and others, 1976) found in a thin zone along the Grogan Fault Zone. Metaconglomerate exh...

		KJfrc Redwood Creek Schist (Cretaceous and Jurassic) – Predominately fine-grained schist , semischist, and coarse-grained metagraywacke belonging to textural zones II and III (Blake and others,1967); typical mineral assemblage consists of quartz, chlo...

		KJpp Patricks Point unit of Aalto and others, 1981(Cretaceous and Jurassic) – Foliated and moderately reconstituted (textural zone 2 of Blake and others, 1967) mudstone, sandstone and minor conglomerate.

		Jdc  Dike complex (Late Jurassic) – Dark-green to light-green aphanitic to fine-grained mafic dikes averaging approximately 60 cm in width. Chilled margins are locally well preserved. Dike cores are generally coarser-grained towards base. The upper pa...

		Jgb  Gabbro (Late Jurassic) – Medium-grained non-diabasic gabbro, locally intercalated with cumulate ultramafics, and commonly intruded by diabase dikes.  Gradational contact with underlying cumulate ultramafic rocks.

		Juc  Cumulate ultramafic rocks (Late Jurassic) – Fine- to medium-grained, layered olivine and othopyroxene-bearing gabbro displaying cumulate texture, cut by diabase dikes that increase in abundance in upper part of gabbro; locally cut by dikelets of ...

		Jpd  Peridotite (Late Jurassic) – Predominantly medium- to coarse-grained layered and foliated harzburgite tectinite, with subordinate dunite, lehrzolite, and orthopyroxinite.  Generally greater than 50% serpentinized; sheared and serpentinized near f...

		sp  Sheared serpentinite (Jurassic) – Fault bounded zones of highly sheared serpentinite.

		spm  Serpentinite matrix mélange (Jurassic) – Zone along the Coast Range Thrust fault of pervasively sheared serpentinite enclosing blocks of peridotite, metasedimentary rocks (ms), greenstone (gs), and granitic rocks (gr).
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Redwood Creek Watershed (Geology)

The formal citation for this source.

Dell'Osso, D.R., Falls, J.N., and McGuire, D.J., 2002, Maps, GIS Data and Geologic Report for the
Watershed Mapping Series, Map Set 6, Redwood Creek Watershed, Humboldt County, California:
California Geological Survey, CD 2002-10, scale 1:100,000 (GRI Source Map ID 74843).

See the GRI Digital Maps and Source Map Citations of this document for how the above source map
was used in the completion of the GRI digital geohazards-GIS map, as well as for additional
information pertaining to this source.

The source map and database are available from the web at: https://www.conservation.ca.gov/cgs/
Pages/Program-FWGP/redwood.aspx

Prominent graphics and text associated with this source.

Map Symbols

ROCK SLIDE (ROTATIONAL / TRANSLATIONAL LANDSLIDE): Slope movement with bedrock as its
primary source material. This class of failure includes rotational and translational landslides; relatively
cohesive slide masses with failure planes that are deep-seated in comparison to those debris slides

of similar areal extent. The slide plane is curved in a rotational slide. Movement along a planar joint or
bedding surface may be referred to as translational. Complex versions with combinations of rotational
heads and translational movement or earthflows downslope are common. Y indicates a scarp;
arrows show direction of movement; queried where the presence of the slide is uncertain. Boundary is
solid where historically active, dashed where dormant, queried where uncertain.

EARTHFLOW: Slow to rapid movement of mostly fine-grained soil with some rocky debris in a semi-
viscous, highly plastic state. After initial failure, the mass may flow or creep seasonally in response to
changes in groundwater level. These types of slope failures often include complexes of nested rotational
slides and deeply incised gullies; boundaries are usually indistinct. 4T P indicates a scarp; arrow indicates
direction of movement. Queried where the presence ofthe slide is uncertain. Boundary is solid where 2
historically active, dashed where dormant, queried where uncertain.

DEBRIS SLIDE: Mass of unconsolidated rock, colluvium, and coarse-grained scil that has moved slowly

to rapidly downslope along a relatively steep, shallow, translational failure plane. Debris slides form steep,
unvegetated scars in the head region and possibly irregular, hummocky deposits in the toe region. Scars
commonly ravel and remain unvegetated for several seasons depending on slope aspect. Queried where

the presence of the slide is uncertain. Boundary is solid where historically active, dashed where dormant,

queried where uncertain.

] j DEBRIS FLOW / TORRENT TRACK: Long stretches of bare ground that have been scoured and eroded to
7

bedrock by extremely rapid movement of water-laden debris. Debris flows are commonly triggered by

debris sliding in the source area during high intensity rains. Debris is often deposited downslope as a

tangled mass of organic material in a matrix of rock and soil; debris may be reworked and incorporated into
subsequent events; lack of vegetation indicates recent activity. Queried where the presence ofthe slide is
uncertain. Boundary is solid where historically active, dashed where dormant, queried where uncertain. |

N
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L SMALL LANDSLIDE: Landslide too small to delineate at 1:24,000 scale (typically less than 1/5 acre in area
or less than 150 feet in length).

DISRUPTED GROUND: Irregular ground surface caused by complex landsliding processes resulting in
features that are indistinguishable or too small to delineate individually at 1:24,000 scale; also may

13 include areas affected by downslope creep, expansive soils, and/or gully erosion. Boundaries are

usually indistinct.

DEBRIS SLIDE SLOPE | SOURCE AREA: A geomorphic feature characterized by steep, usually well
vegetated slopes that appear to have been sculpted by numerous debris slides and debris flows. Upper
reaches (source areas) of these slopes are often tightly concave and very steep. Soil and colluvium a top
bedrock may be disrupted by active debris slides and debris flows. Slopes near the angle of repose may be
relatively stable except where weak bedding planes, bedrock joints and fractures parallel the slope.

INNER GORGE: A geomorphic feature consisting of steep slopes adjacent to channels. The gorge

typically is created by accelerated downcutting in response to regional uplift. It is defined as an area of
streambank between the channel and the first break in slope. Line is queried where uncertain, or

broken into segments to represent a stretch of discontinuous inner gorge too small to accurately

represent at 1:24,000 scale. One-sided hachures indicate inner gorge on one side of channel only;
hachures point downslope.

GULLY: Distinct, narrow channels formed by erosion of soil or soft rock material by running water. Channels

are larger and deeper than rills and usually carry water only during and immediately after heavy rain or following
the melting of ice or snow. Arrows point downbhill; line is queried where uncertain.

Lithologic contact: Solid where location is certain, dashed where approximately located or inferred,
dotted where concealed, and queried where continuation or existence is uncertain.

Fault: Solid where location is certain, dashed where approximately located or inferred, dotted where concealed
and queried where continuation or existence is uncertain.

Thrust fault: Barbs on upper plate. Solid where location is certain, dashed where approximately located
or inferred, dotted where concealed and queried where continuation or existence is uncertain.

Normal fault: Upthrown side (U) and downthrown side (D), solid where location is certain, dashed where
approximately located or inferred, dotted where concealed, and queried where continuation or existence is uncertain.

Lineament: Linear feature of unknown origin noted on aerial photographs.

Syncline : Solidwhere location is certain, dashed where approximately located or inferred, dotted where concealed
and queried where continuation or existence is uncertain.

Sackung: Linear features related to ridge-top spreading. Barbs point to the down dropped block. Solid where certain.
Block of lithology teo small to delineate at 1:24,000

Strike and dip of bedding, approximate

Strike and dip of bedding

Strike and dip of crumpled bedding

Strike and dip of foliation

Horizontal bedding

Trend and plunge of minor fold

Watershed boundary

Subwatershed boundary
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Graphics from source map: Redwood Creek Watershed (Geology)

Geologic Notes

The Redwood Creek watershed lies within the Coast Range geomorphic province in northwest
California The area is mountainous with elevations ranging from sea level in the coastal area of the
watershed to approximately 5,200 feel at Board Camp Mountain at the southeastern headwaters of
Redwood Creek. Tree cover in the watershed is primarily heavy coniferous forest Smaller portions of
the watershed are open oak-madrone woodland and grasslands Road cuts and stream channels
provide the majority of bedrock exposures within the watershed. Precipitation in the watershed is
strongly influenced by the topography and ranges from approximately 60 to 110 inches annually.

The Redwood Creek watershed is a southeast trending drainage covering approximately 282 square
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miles It is approximately 6 miles across and 56 miles long The drainage basin is principally underlain
by Late Jurassic to Middle Cretaceous sedimentary and metamorphic rocks of the Central and Eastern
Belts of the Franciscan Complex The Franciscan rocks are overlain by Pleistocene-Pliocene
sediments of the Prairie Creek Formation in the northern reach of the watershed Jurassic age Klamath
Terrane rocks form the structurally highest bedrock in the eastern portion of the basin The bedrock is
overlain locally by a variety of marine and river terrace deposits, estuarine deposits and alluvium
related to modem channel deposits, landslides and beach sands. Several levels of alluvium and
terrace deposits present in parts of the watershed indicate that much of this watershed has been
uplifted recently in geologic time Landslide features are widespread in the wwatershed. The dominant
form of mass wasting varies depending on the composition of the underlying rock

This map was compiled from numerous sources including published maps and reports, unpublished
mapping by the California Division of Mines and Geology, United States Geological Survey, United
States Forest Service and Redwood National Park Geologic features were compiled from the previous
work of Harden et al., 1982, Kilbourne, 1985, Kelsey and Cashman, 1983, unpublished mapping by
Kelsey and others, stereoscopic evaluation of aerial photos, and limited geologic and geomorphic
reconnaissance mapping. Aerial photograph interpretation and compilation of existing data represent
the primary information sources for this product.

Nine sets of stereographic aerial photographs (see Important Notes #2) were evaluated to map
geomorphic features related to landsliding throughout the watershed. All photos were black and white,
with scales ranging from 1:12,000 to 1: 36,000. Geomorphic features were compiled on plastic
overlays and transferred to topographic digital orthophoto quadrangle maps Limited field assessment
was completed on the landslide features mapped The information was then incorporated into a
Geographic Information System (GIS), with associated data attributes compiled into a spatial database
with metadata.

Text from source map: Redwood Creek Watershed (Geology)

Important Notes

1) The scale of this map limits the delineation of some features, and the map should not be substituted
for site-specific studies. Information on this map is not sufficient to serve as a substitute for the
geologic and geotechnical site investigations required under Chapters 7.5 and 7.8 of Division 2 of the
California Public Resources Code.

2) Landslides and geomorphic features were mapped from historical aerial photographs (see
References) as follows: Plate 1, Map Sheet 1 1948, 1954, 1962, 1965, 1977, 1984, 1988, 1996, 2000:
Map Sheet 21948, 1962, 1965, 1984, 1988, 2000, Map Sheet 3 1948,1984, 1996, 2000 Map Sheet 3
also included the 1962, 1965 and 1988 aerial photos north of the Grouse Mountain and Maple Creek
guadrangles field verification of landslide and geomorphic features was very limited and mapping
relied primarily on interpretation of aerial photographs.

3) The bedrock geology depicted on this map was modified from 1:24,000 and 1:62,500-scale non-
digital source data (see Index to Geologic and Geomorphic Mapping References and References).
Although the geologic information has been represented on this map at a scale of 1:24,000, the detail
and accuracy of the bedrock and structural data are limited by the spatial resolution of the original
maps.

4) Landslides shown on this map have been divided into groups based on the clarity of their
morphology and inferred type of movement. The landslides are also classified according to the
confidence of their existence as determined by analysis of aerial photographs The various landslide
designations are not intended to, nor should they be interpreted to imply, the actual stability of slopes
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involved See Plate 2 for relative landslide potential of the study area

5) Historical mapping by CGS (Kilbourne, 1985: DMG, 1999) was evaluated and incorporated using
current interpretive protocols for identifying and classifying geomorphic features and/or landslides.
Historical mapping added directly to the Redwood Creek watershed database is referenced in that
electronic database with an appropriate citation (see References)

6) Stream-channel deposits were mapped based on Digital Orthophoto Quadrangles (DOQ's)
However, the location of the main stem channel locally differs between the DOQ's and current USGS t
opographic maps (the DRG image files) Therefore, the map of stream-channel deposits and the lower
portions of landslide features does not always fit current USGS topographic maps in some reaches of
Redwood Creek

7) Digital data shown on this map, as well as additional landslide and fluvial geomorphology data, are
available from the following sources on the CGS website at http://conservation.ca.gov//cgs/Pages/
Index.aspx on compact disc from CGS (CD-ROM 2002-10): or on the North Coast Watershed
Assessment Program website at www.ncwatershed.ca.gov (now http://coastalwatersheds.ca.gov/
although digital data available from CGS web site)

8) Further study limitations may be found in the text of the accompanying report.

Text from source map: Redwood Creek Watershed (Geology)

Aerial Photographs by Year

Aero Services Corporation: 1947/1948, Black and white aerial photos, Flight CDF-2, night line 14,
frames 144-155: night line 15, frames45-61, flight line 16: frames 56-57,148-165, night line 17, frames
107-135, 200-212: flight line 18, frames 72-90, 161-180, flight line 19, frames 124-144, 180-197: flight
line 20, frames 1-9, 46-52, 133-142,160-168: flight line 33, frames 86-97, 109-109, 115-138, 146,
scale 1:26,400

California Department of Forestry: 1954, Black and white aerial photos, Flight CVL, flight line 14N,
frames 50-65, 73-88, 146-158, scale 1:20,000

Humboldt County Assessor: 1962/1963, Black and white aerial photos, Flight HCN, night line 14B,
frames 73-85, flight line 15B, frames 30-52: flight line 16B, frames 63-95, night line 17B, frames 57-58:
flight line 18B, frames 23-55: flight line 19A, frames 56-87: flight line 19B, frames 1-9: night line 20,
frames 54-90: flight line 21, frames 59-77, flight line 22, frames 50-65: flight line 23A, frames 45-46,
flight line 23B, frames 1-18: night line 24, frames 40-57: flight line 25, frames 38-57, flight line 26,
frames 29-54: flight line 27, frames 27-56, flight line 28B, frames 5-24: night line RE28B, frames 3-11,
flight line 29B, frames 6-38: night line 30, frames 24-55: flight line 31, frames 20-46: flight line 32,
frames 18-36: night line 33, frames 15-35, flight line 34, frames 14-28: flight line 35, frames 14-26:
flight line 36, frames 21-25: scale 1:12,000

Cartwright Aerial Surveys Incorporated: 1965, Black and white aerial photos, Flight CVL, flight line
3FF, frames 124-138: flight line 5FF, frames 20-29: flight line 13FF, frames 110-113, 141-156: flight
line 19FF, frames 18-22, 90-102: flight line 20FF, frames 67-82, 118-136: night line 22FF, frames 88-
105, 158-179: flight line 23FF, frames 130-142: night line 24FF, frames 22-47,115-129: scale 1:20,000

Redwood National Park: 1977, Black and white aerial photos, Flight RNP, flight line 21, frames 106-
140, 145-148: scale 1:36,000

WAC Corporation, 1984: Black and white aerial photos, Flight 84C, flight line 24, frames 27-38, 121-
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132: flight line 25, frames 9-11, night line 32, frames 95 100, scale 1:18,500

WAC Corporation, 1988: Black and white aerial photos, Flight WAC 88-A, flight line 6, frames 185-
194, flight line 18, frames 106-112: flight line 22, frames 22-43, 105- 120,180-195, flight line 24, frames
55-70: flight line 27, frames 203-220, 261-285: scale 1:16,600

WAC Corporation, 1996: Black and white aerial photos, Flight WAC 96-CA, flight line 22, frames 190-
194: flight line 28, frames 49-58, flight line 30, frames 36-53, 90-107,183-191, scale 1:24,000

WAC Corporation, 2000: Black and white aerial photos, Flight WAC-OO-CA, flight line 4, frames 59-
75, 137-158, 218-229: flight line 5, frames 49-66,130-137,207-20, 283-299: flight line 8, frames 41-51,
scale 1:24,000

Text from source map: Redwood Creek Watershed (Geology)

Landslide Potential

Layer contains five categories indicating relative potential for landsliding. The relative landslide
potential data is derivative, based on the following: 1) the occurrence and distribution of landslides, and
other types of slope failure and features indicating slope instability; 2) the geology of the area, including
bedrock types and lithologic properties relative to slope stability and distribution of various earth
materials, as well as the structural framework, such as the folded and faulted strata found throughout
the region; and 3) the relative behavior of slopes within the area as interpreted from analysis of historic
aerial photographs and recent field observations. The relative landslide potential categories are
compiled in a Geographic Information System (GIS) using the geologic and geomorphic information
presented on this map. The GIS was used to ensure that, where appropriate, landslide potential
categories were applied consistently (for example, areas underlain by geologic unit QTpc, with gentle
slopes and no mapped landslide deposits are consistently categorized as low landslide potential).
Through this process, consistency in categories was maintained while at the same time specific
conditions were identified and categorized.

1) Very Low Landslide Potential - Landslides and other features related to slope instability are very rare
to non-existent within this area. This area includes relatively flat marine terraces, lower stream valleys,
and the broader portions of flat-topped ridges within the moderate and hard terrains.

2) Low Landslide Potential - Gentle to moderately steep slopes underlain by relatively competent
material that is considered unlikely to mobilize under natural conditions. Landsliding in these areas is
not common. Areas generally include the narrower flat-topped ridges and gentler side slopes in the
hard and moderate terrains, gentler slopes and broad ridgetops within the soft terrain, and Quaternary
units with gentler slopes.

3) Moderate Landslide Potential - Moderate to moderately steep, relatively uniform slopes that are
generally underlain by competent bedrock, may also include older dormant landslides. Some slopes
within this area may be at or near their stability limits due to weaker materials, steeper slopes, or a
combination of these factors. This area includes portions of dormant landslides with gentler slopes,
flat-topped ridges within the soft terrain, many slopes in the moderate and hard terrains, and debris
slide/flow source areas with moderate slope.

4) High Landslide Potential - Moderately steep to steep slopes that include many dormant landslides in
upslope areas and slopes upon which there is substantial evidence of downslope creep of surface
materials. This area includes many of the larger dormant rockslides and dormant old/mature
earthflows, moderately steep to steep debris slide slopes, disrupted ground, moderate to moderately
steep slopes in the soft terrain, steeper slopes within the moderate terrain, and historically active
debris torrent tracks.
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5) Very High Landslide Potential - Areas include historically active landslides (< 150 years old), inner
gorges and gullies, as well as debris slide/flow source areas within, and soft terrain on, steep to very
steep slopes. Dormant-young rockslides with very steep slopes and dormant-young earthflows with
moderately steep to very steep slopes are also included.

Text from source map: Redwood Creek Watershed (Geology)

Report

The Redwood Creek Watershed geology report is available as a separate embedded Acrobat
document (Redwood Creek Watershed Report). (double-click link to open report).
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Executive Summary

This report presents the data and findings of the California Geological Survey
(CGS) following our investigation of landsliding and fluvial geomorphology within
the Redwood Creek watershed, Humboldt County, California. The investigation
was based on interpretation of aerial photographs and pre-existing data,
including the work of Harden and others (1982) and Kelsey and Cashman
(1983). Maps of Geologic and Geomorphic Features Related to Landsliding and
a Relative Landslide Potential are included as Plates 1 and 2, respectively. CGS
also created a geographic database to identify geologic and geomorphic
conditions throughout the study area. This report describes our methods of
investigation and presents the results from our analyses of the data collected for
this study. The report also describes those findings that are pertinent to individual
planning watersheds and tributaries within the study area, primarily for integration
with the synthesis report on the Redwood Creek watershed. The synthesis report
was prepared by the multi-agency North Coast Watershed Assessment group.

Redwood Creek covers an area of 282 square miles (180,688 acres) of mostly
forested upland and some grasslands. The basin is approximately 65 miles long
with its headwaters near Board Camp Mountain, in northern Humboldt County.
The watershed drains into the Pacific Ocean near the town of Orick. Elevation
within the basin varies from sea level at Orick to 5,200 feet at Board Camp
Mountain. The Redwood Creek watershed is situated in a tectonically active and
geologically complex area, with some of the highest rates of uplift and seismic
activity in North America (Cashman and others, 1995; Merritts, 1996). Average
rainfall is approximately 70 to 80 inches per year, with frequent snowfall and
snow accumulation above 1,600 feet during winter. The watershed is dominantly
underlain by Central and Eastern Belt Franciscan rocks of schist and melange;
rocks of the Klamath Terrane are exposed in the southern portion of the
watershed. The northern portion of the watershed is capped by the Plio-
Pleistocene Prairie Creek Formation and terrigenous and marine terrace deposits
in the estuary and Prairie Creek subbasins. Most of the Franciscan Complex
bedrock underlying the watershed has been broken and sheared by tectonic
activity, making it relatively weak, easily weathered and naturally susceptible to
landsliding and erosion. Heavy rainfall, high regional uplift rates and seismic
activity combined with erodible bedrock and soil conditions to produce
widespread features of landsliding and relatively high sediment input to streams.
Faulting controls the geomorphology of the watershed. Redwood Creek follows
the trace of the Grogan fault in a north-northwesterly direction for most of the
creek’s length, which is parallel to the major geologic/tectonic structures of
northern California (Strand, 1962; Janda and others, 1975; Harden and others,
1982). North-northwest trending narrow ridges and valleys characterize the
resulting topography.





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

CGS evaluated types of mass-wasting features as a function of their geologic
unit and the steepness of slope. Landslide distribution and mode of movement
appeared to be controlled by bedrock geology. To simplify analysis, we grouped
geologic units appearing to have similar characteristics based on aerial
photograph interpretation. The data sets consisted of the mapped landslides,
bedrock geology and the digital elevation model (DEM) for the watershed. The
result was that, regardless of failure mode, slopes of 19° to 22° (34% to 40%) are
typical within mapped landslides. Susceptibility to mass wasting appears to drop
as a function of increasing slope, indicating that slide deposits became
increasingly rare on slopes steeper than 40%. This probably is because earth
materials available for mass wasting had already failed and/or the old landslides
were so modified by erosion that they were unrecognizable. Slopes steeper than
35% in most of the bedrock units were treated as having the highest probability
for failure.

The rocks throughout Redwood Creek are relatively weak and their slopes are
prone to failure. Active landslides are concentrated in the geologic units on the
east side of the Grogan fault. Rocks within the Grogan fault zone appear to be
extremely susceptible to mass wasting.

Active streamside landslides spatially correlate with the larger mass wasting
features. Fifty-nine percent of the photo year 2000 shallow active streamside
landslides occurred within several hundred feet (100 m) of larger active or
dormant mass-wasting features; 50% of the 1984 streamside landslides occurred
within several hundred feet (100 m) of the larger features. Other factors also
contribute to instability of stream banks. Redwood National and State Parks
(RNSP) staff has indicated that roads on lower hillslopes and aggradation of the
streambed contribute to the instability of the stream banks and this hypothesis
appears to be reasonable based on our observations.

Prior watershed investigations (Packer and Christiansen, 1977; Weaver and
Hagans, 1994; Best and others, 1995; Weaver and Popenoe, 1995; USEPA,
1998; Gucinski and others, 2000) indicated that roads were major sources of
sediment through a combination of surface erosion and mass wasting. We
evaluated the incidence of small, relatively shallow landslides, generally less than
150 feet in diameter (represented as points on the map) relative to their distance
from mapped roads. We found that the small slides have an affinity for roads.
The centers of the small landslides were within 75 feet of the nearest road
approximately 57% more often than they occurred beyond 150 feet from the
nearest road. This is similar to the results of qualitative road/landslide interaction
studies by CGS’s representatives during timber harvest reviews and quantitative
findings by RNSP and United States Environmental Protection Agency (USEPA).
The incidence of small landslides is relatively linear between 75 and 300 feet
away from mapped roads. This may represent the natural, or “background”,
incidence rate for small landslides.
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A landslide potential map depicts the regions thought by CGS geologists to
represent the most likely future sources of sediment from mass wasting. This
map was derived from the geologic, landslide and geomorphic data, as well as
the hillside gradients. More than half of the study area is interpreted to have high
to very high landslide potential, which is considered to be reasonable in this
geologically-active region. Approximately half of the watershed exhibits
landslides (27%), or geomorphic features (19%) related to mass wasting. Weak
bedrock materials and steep to very steep slopes are main contributors to the
classifications of highest landslide potential.

CGS modeled channel gradient with a 10-meter digital elevation model (DEM)
and distinguished source, transport and response stream reaches. The mainstem
channel is dominated by low-gradient response reaches; the tributary channels
are predominantly source and transport reaches. In the watershed overall, less
than 15% of the total stream length has a gradient less than 4%, meaning that a
very small but significant proportion of the stream network accumulates sediment
and has the potential to remain impacted over decades or even centuries. The
low-gradient stream reaches include most of the mainstem of Redwood Creek,
so the mainstem channel is especially vulnerable to aggradation and destruction
of suitable habitat. Response reaches are favored by anadromous fish according
to staff of DFG NCWAP, and habitat has been impacted for multiple generations
of anadromous salmonids as a result of the accumulation of sediment since the
early 1950’s. Approximately 40% of the blue-line stream network in the
watershed consists of transport reaches, with gradients of 4-20%. More than
45% of the channels by length are source reaches, which are defined here as
channels with gradients >20%, and these are in tributary channels.

CGS mapped and compiled channel features from relatively small-scale air
photos (1984, 1:32,000; 2000, 1:24,000). We identified and distinguished stable
stream geomorphic features such as point bars and vegetated bars, and unstable
channel features. The unstable features included lateral and mid-channel bars,
tributary fans, and eroding banks. CGS used the lengths of unstable channel
features to analyze the distribution of stream disturbance. We found that our
analyses correlated positively with previous studies.

Between photo years 1984 and 2000, the length of stream disturbance features
in the entire watershed decreased by 56%, from 108 miles to 48 miles. Most
features disappeared from tributary channels. We found a decrease in features in
the mainstem channel. However, in the lower 6 miles of Redwood Creek, stream
disturbance features increased in length from 3.5 miles in 1984 to 6.5 miles in
photo year 2000. Most elevated sediment was in the lowest part of the basin by
the year 2000.

CGS air photo mapping suggests that some areas improved and some
deteriorated between 1984 and 2000. For example, Minor Creek appears to have
improved greatly. And, in-channel sediment became the most displaced from
unstable hillslope areas in the McArthur, May, Toss-up and Minor Creek planning
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watersheds. This suggests that the streams in these planning watersheds
effectively transported their elevated sediment downstream and away from
unstable source areas. It also suggests that the streams in these areas received
no major sediment inputs during the 12-year storm of 1996-1997. It is also
possible that debris jams broke up and allowed ponded sediment to move
downstream between 1984 and 2000.

In-channel sediment appeared relatively close to unstable hillslope areas in
photo year 2000 in most of the upper subbasin (except for Windy Creek), parts of
the middle subbasin (Coyote, Lacks and Lupton Creeks) and part of Lost Man
Creek (Prairie Creek subbasin). This suggests that unstable hillslopes or older
roads continued to contribute excessive sediment to stream channels between
1984 and 2000. Also, it is possible that debris jams remain in these planning
watersheds to pond elevated sediment. Some areas gained new unstable types
of in-channel sediment. For example, Snowcamp, Bradford and Noisy Creeks
gained new stream disturbance features by photo year 2000. This indicates that
new erosion and mass wasting occurred in the upper part of the watershed,
probably during the 12-year storm of 1996/1997. The upper part of the watershed
appears to be relatively unstable.

Spatial correlations between geologically unstable shallow and deep seated
landslides and stream disturbance suggest that the adjacent geology and
geomorphology influence stream condition. The finding that more than 50% of
the mapped stream-disturbance features in channels are adjacent to deep-
seated landslides or debris slide slopes in photo year 1984 suggests that these
features were a source of channel sediment in that time period. By photo year
2000, the spatial correlation decreased, and CGS staff suggest that is because of
the lack of major storms since the 1970’s.

The trends in distribution of channel sediment described above indicate that
future short-term channel disturbance will be more likely to occur near areas of
unstable slopes after a wet year or large storm. The effects can be accelerated
and worsened by poorly planned land use on the more vulnerable hillslope areas
of the watershed. Accelerated sediment yield to the stream network will most
immediately affect source and transport reaches, as shown by our maps of 1984,
which followed a wet year in 1983. However, the steeper reaches recover
relatively quickly, within decades, as sediment moves downstream and
accumulates in the more vulnerable response reaches. The lower gradient
response reaches eventually are the most impacted. The lag times in channel
response to sediment loading are due to relatively slow transport time for bed
material and to dependence on major storms for moving the bedload according
to Reid and Funiss, 1998, written communication, who cite Madej and Ozaki
(1996). Stream disturbance in the lowest gradient reaches could take decades to
centuries to recover.

The relationship between land use, recent shallow small landslides and the
surrounding deep seated landslides needs study to determine the proportion of
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instability and sediment yield that is the result of recent land uses versus the
amount that is due to underlying long-term geologically driven effects. Field
investigations conducted by staff for verification of geologic, geomorphic and
fluvial features were very limited owing to time and budgetary constraints. Less
than one week of field work was allocated for this project. CGS strongly
recommends further field evaluation of these maps to expand upon and improve
the details of this assessment. General recommendations regarding land use in
mapped landslide areas and areas of potential instability are further described in
this report.

Introduction

Understanding the geology of the Redwood Creek watershed (Figure G1) is a
key part in assessing current watershed conditions, relative impacts of past land-
use practices and development of future mitigation measures to improve aquatic
habitat conditions. The following sections provide a brief description of the
watershed geology and fluvial geomorphology. This is followed by a discussion of
landslide processes and general recommendations to reduce the potential for
slope instability and erosion and a more detailed description by subbasin. A more
detailed description of the landslide types, processes and land-use
recommendations is presented in CGS Note 50, which is posted on the web at

Watershed maps, at a scale of 1:24,000 (1 inch = 2,000 feet.), that present the
distribution of geologic units, geomorphic features related to landslides and
relative landslide potential were included in this report.

Project Description and Purpose

This geologic and fluvial assessment of the Redwood Creek watershed was
produced by CGS as a partner in the state’s North Coast Watershed Assessment
Program (NCWAP). The California Resources Agency in, coordination with
California Environmental Protection Agency, initiated this program in 2000 in
response to specific requests from landowners and watershed groups that the
State take a leadership role in conducting scientifically credible, interdisciplinary
assessments that could be used for multiple purposes. The need for
comprehensive watershed information grew in importance with listings of
salmonids as threatened species, the Total Maximum Daily Load (TMDL)
consent decree and the increased availability of assistance grants for protecting
and restoring watersheds. Our goalswereto improve the decision-making process
for landowners, watershed groups, agencies and other stakeholders with respect
to restoration projects and management practices that protect and improve
salmonid habitat. The program includes the following State agencies:
Department of Fish and Game (DFG), Department of Forestry and Fire
Protection (CDF), Department of Conservation/California Geological Survey
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(CGS), Department of Water Resources (DWR) under the California Resources
Agency and the North Coast Regional Water Quality Control Board (NCRWQCB)
under CalEPA. The Institute for Fisheries Resources (IFR) is also a partner and
participant in this program.

It was essential that the program took steps to ensure its assessment methods
and products would be understandable, relevant and scientifically credible. As a
result, the interagency team developed the following goals:

1. Organize and provide existing information and develop limited baseline
data to help evaluate the effectiveness of various resource protection
programs over time;

2. Provide assessment information to help focus watershed improvement
programs and assist landowners, local watershed groups and individuals
to develop successful projects. This will help guide programs, like DFG’s
Fishery Restoration Grants Program, toward those watersheds and project
types that can efficiently and effectively improve freshwater habitat and
support recovery of salmonid populations;

3. Provide assessment information to help focus cooperative interagency,
nonprofit and private sector approaches to “protect the best” watersheds
and streams through watershed stewardship, conservation easements
and other incentive programs; and

4. Provide assessment information to help landowners and agencies better
implement laws that require specific assessments such as the State
Forest Practice Act, Clean Water Act and State Lake and Streambed
Alteration Agreements.

During the assessment process, the NCWAP agencies worked together at all
stages to consider how anthropogenic and naturally occurring watershed
processes interact and affect stream conditions for fisheries and other uses and
also consider the implications for watershed management.

During the formulation of the NCWAP’s Methods Manual, the participating
agencies agreed upon a short list of critical questions with the key questions
being:

1. What watershed factors are limiting salmonid populations?

2. What are the general relationships between natural events and land use
histories, for example, fire, flood, drought, earthquake, etc. and urban and
rural land development, timber harvest, agriculture, roads, dams and
stream diversions? How is this history reflected in the current vegetation
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and level of disturbance in North Coast watersheds? How can these kinds
of disturbances be meaningfully quantified?

3. What is the spatial and temporal distribution of sediment delivery to
streams from landsliding, bank, sheet and rill erosion and other erosion
mechanisms and what are the relative quantities for each source?

4. What are the effects of stream, spring and groundwater uses on water
quality and quantity?

5. What role does large woody debris (LWD) have within the watershed in
forming fish habitat and determining channel condition and sediment
routing and storage?

6. What are the current salmonid habitat conditions in the watershed, the
aquatic/riparian zone and the estuary (flow, water temperature/shade,
sediment, nutrients, instream habitat, large woody debris and its
recruitment)? How do these compare to desired conditions (life history
requirements of salmon, Basin Plan water quality objectives)?

7. What are the history and trends of the sizes, distribution and relative
health and diversity of salmonid populations and/or other aquatic
community organisms within the watersheds?

8. Does the status of these populations reflect current watershed and stream
habitat conditions or does it indicate constraints beyond which the
watershed might exist? For example, a lack of stream connectivity that
prevents free movement for adults or juveniles, or a poor marine life
history, could affect a salmonid population.

These questions have guided the individual team members in data gathering and
procedure assessment. The questions have provided direction for those analyses
that required more interagency, interdisciplinary synthesis, including the analysis

of factors affecting anadromous salmonid production.

Previous Geologic Studies and Existing Data

Redwood Creek is probably one of the most studied watersheds in northern
California (Figure G1). Hershey did pioneering work in 1906 and Irwin performed
later regional mapping in 1960. More detailed maps involving specific portions of
the watershed include the Blue Lake quadrangle (Manning and Ogle, 1950), the
Willow Creek quadrangle (Young, 1978), the Rodgers Peak quadrangle (P.H.
Cashman and others, 1982) and the Coyote Peak quadrangle (S.M. Cashman
and others, 1982). There are several detailed studies regarding the petrology
(Talley, 1976; Leathers, 1978) and structural history of the Redwood Creek schist
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(Roure, 1979; Cashman and Cashman, 1982). Kelsey in 1982 and Kelsey and
Cashman in 1983 have studied the depositional and structure history of the
Prairie Creek Formation. Alexander and others (1959-62), Durgin (1981, 1985)
and Marron (1982) have studied soils in the watershed.

An extensive body of research into how land-use activities have affected the
natural systems in Redwood Creek began soon after the creation of Redwood
National Park in 1968 and its subsequent expansion in 1978. Approximately 70%
of the park expansion area within the watershed had been logged resulting in
widespread land disturbance (U.S. Department of the Interior / California
Department of Parks and Recreation, 1999). Erosion and mass wasting related
to roads were soon implicated as major causes of sedimentation and observed
fish habitat degradation.

One of the first major studies was an Open-File Report issued in 1978 by the
USGS regarding mass wasting and storms in the watershed (Harden and others,
1978). The authors discussed types of mass wasting seen in the watershed and
documented the impacts of historical floods and land use activities.

Harden and others (1982) prepared a geologic map of the watershed (excluding
the area north of the Prairie Creek State Park Headquarters) that concentrated
primarily on bedrock type showing some of the larger landslides and earthflows.
This map was used as the foundation of CGS’s current mapping program.

The USGS issued a landmark Professional Paper consisting of 22 separate
multi-disciplinary papers in 1995. Researchers evaluated current conditions
involving erosion, sediment transport and aquatic habitat from a geologic and
biologic perspective in great detail (Nolan and others, 1995). This was soon
followed by an unpublished multidisciplinary watershed analysis document
prepared by Redwood National and State Parks staff in 1997 (RNSP Division of
Resource Management and Science, 1997). One of the most recent publications
is the two-volume General Management Plan issued by RNSP staff in 1999 (U.S.
Department of the Interior / California Department of Parks and Recreation,
1999). Geologic and land-use interactionswerediscussed in the Plan. USEPA
produced a Total Maximum Daily Load (TMDL) document in 1998 that was
geared toward assessing the relative amounts and sources of natural and
anthropogenic sediment in the system.

In addition to these studies, numerous researchers at the USDA Pacific
Northwest Redwood Sciences Laboratory have conducted a wide variety of
geologic and hydrologic studies in the watershed over the past several decades.

It is important to note that this report is not intended to supplant the large amount
of existing research, but to build upon portions of it and provide input for a new
assessment based on supplemental mapping and slope stability modeling.
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CGS developed the digital geologic maps that accompany this report using
several sources of information. RNSP converted the earlier mapping by Harden
and others (1982) into a digital product for their in-house use in 2001. RNSP
finalized the map in late 2001 for use in this program. Unpublished RNSP digital
landslide mapping based on 1997 aerial photograph interpretation was spot-
checked in the field by their geologists and made available. CGS converted
additional unpublished mapping for the Prairie Creek portion of the watershed by
Kelsey and Cashman (1983) into digital coverages.

CGS merged most of the bedrock geology, faults and other structural information
from these sources to create a continuous geologic base map for the entire
watershed. The original mapped landslides, alluvium and river terrace deposits
were deleted or modified and replaced with more detailed landslide and fluvial
coverages developed during this study. Our geologists based the new coverages
on detailed aerial photograph interpretation using historical aerial photographs
dating back to 1947.

We developed the Relative Landslide Potential Map with a decision matrix
created by CGS hillslope geologists familiar with the study area. The bedrock
and landslide units were merged with GIS grid coverage for the entire watershed.
Cells were comparatively ranked based on bedrock unit, landslide type and
activity, and other geomorphic features as a function of slope depending on their
location. The matrix was adjusted based on the mapped landslide distribution.
The final relative landslide potential map was generated at a scale of 1:24,000 to
match that of the geologic map (Plate 1).

Previous Fluvial Studies

In 1973, after establishment of Redwood National Park (1968), the U.S.
Geological Survey (USGS) began studies in the Redwood Creek because of
concerns about erosion and the desire to protect tall redwood trees on alluvial
terraces in the lower subbasin. The USGS concluded that timber harvest and
road construction had resulted in a higher than normal incidence of mass wasting
that delivered excess sediment into stream channels (Colman, 1973; Janda and
others, 1975; Harden and others, 1978). Lee and others (1975) concluded that
storm runoff increased 20% due to timber harvest. Harden and others (1978)
found that the storms of 1964 and 1972 did more damage than storms of similar
magnitude in 1953 and 1955. The impacts of the storms of 1964 and 1972 were
disproportionate to their storm magnitudes, apparently due to previous timber
harvesting in the 1960’s (Harden and others, 1978). Janda (1978) noted that as
much as 80% of the ground surface in some areas had been disturbed by timber
harvest. Nolan and Janda (1981) studied tributary basins and observed massive
ground disruption and alteration of natural drainage patterns, which accelerated
erosion. Tributaries with large scale harvesting had sediment yields 10 times
greater and runoff 1.3 to 12 times greater than comparable tributary basins
having no timber harvest.
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Redwood National and State Parks (RNSP) consists of four units, Redwood
National Park (RNP), which is a federal park under the jurisdiction of the National
Park Service and three state parks, which are under the jurisdiction of California
Department of Parks and Recreation. For this report, we refer to the joint entity
as RNSP, though much of the geologic work was done by staff of the national
park and completed before the four units began to be managed together.

RNSP supplied data regarding precipitation, peak discharge and suspended
sediment loads for Redwood Creek. Figure F1 a shows annual precipitation at
Orick, O’Kane (Highway 299) and Little Lost Man Creek (LLM) from 1954 to
2000. Water year 1983 was the wettest, with more than 100 inches at Orick.

Figure F1 b shows a graph of streamflow versus precipitation at the O’Kane and
Orick gaging stations from 1971 to 2000. The values were normalized by dividing
by their respective means for the time interval considered. A linear relationship is
seen with a steeper trend line at the O’Kane gage. The steeper trendline
indicates a quicker response of discharge to precipitation. The O’Kane station is
located just downstream from the upper subbasin, has a smaller upstream
drainage area than the station at Orick, and is more immediately affected by rain
and rain-on-snow events upstream at the higher elevations in Redwood Creek.
Though discharge shows a quicker response to rainfall at O'Kane, there is more
scatter in the O’Kane data than in the data from Orick. The response at the
O’Kane stream gage is not as predictable as at Orick, where the trendline shows
a higher correlation coefficient. Obviously, immediate rainfall, as measured at the
O’Kane gage, does not tell the whole story and streamflow at the O’Kane gage is
influenced by uneven and relatively flashy conditions upstream in the upper
subbasin. The Orick station is located very close to the river’'s mouth, and
influenced by nearly the entire Redwood Creek watershed. The data reflect what
would be expected. At Orick, the response of discharge to rainfall is slower and
more predictable than at O’Kane. It should be noted that very high discharge is
difficult to measure accurately (Mary Ann Madej, 2002, personal communication).
So, at higher discharges, it may be difficult to accurately determine a relationship
between discharge and other parameters.

Figure F1 c depicts an exponential relationship between suspended sediment
versus discharge. The O’Kane station shows an anomalous, or outlier data point
in water year 1973, which was probably due to the storms of 1972 and 1973. In
water year 1973, recorded suspended sediment was abnormally high compared
to the discharge. This may be due to remobilization of large volumes of storm
deposits left in the waning stages of the large and catastrophic storm of 1964.
Following that storm, there were no large storms until water year 1973, which
contained two big storms. A great deal of 1964 sediment was remobilized from
stream channels according to previous work (Madej and Ozaki, 1996). The
remobilized 1964 sediment included fine material, which was carried in
suspension and contributed to the much-elevated suspended sediment load. This
remobilization may have continued long after the 1964 flood, perhaps explaining
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the scatter between the suspended sediment and discharge data seen at the
Orick station. In addition, uncertainty and scatter in the data may be contributed
by the large tributary, Prairie Creek, which converges with mainstem Redwood
Creek just upstream of the Orick gage. The input of flow and sediments from
Prairie Creek may be reflected in the unpredictable fluxes recorded at the gage.
The Orick station is located within the levees constructed in the lower channel,
thus perhaps affecting the suspended sediment measurements due to backwater
effects caused by the levee design and constriction of high flows.

Figure F2 shows peak flows at the Orick stream gauge. Highest flows occurred
during the storms of 1955, 1964, 1972 and 1975. Peak flow during the storm of
1996/1997 was smaller than in those previous storms. Figures F3-4 show
suspended-sediment load per area, which was very high at Orick in water year
1973. The dataweredisplayed in two figures to compare suspended sediment per
area including and omitting data from 1973, which reduce the scale of later
years. Figure F4 shows the comparison between Orick and O’Kane from 1974 to
2000, allowing the post-1973 peaks to be more apparent in 1974, 1975, 1983,
1986 and 1995-1998. Figure F5 shows the ratio between suspended sediment
measured at O’Kane and Orick from 1973 to 1997. During the decade of the
1990’s, the ratio exceeded one, meaning that the upper basin contributed more
suspended sediment than was measured near the mouth.

By the middle 1970’s, Redwood Creek had experienced a series of large floods
(1953, 1955, 1964, 1972 and 1975) in addition to widespread timber harvest and
road building. In 1973, the USGS and the National Park Service began to monitor
long-term channel stability. The purpose for the new monitoring study was to
document channel response to large storms and land use in the watershed that
contained the world’s tallest tree near the mainstem of Redwood Creek. The plan
was to monitor channel characteristics to document changes. Monitoring showed
channel widening, increased stored sediment and streambed elevation and
decreased grain sizes in streambed sediment (Ozaki and Jones, 1998, written
communication, Janda, 1977 and Nolan and Marron, 1995).

The USGS and National Park Service surveyed tributary cross sections in
Redwood Creek watershed from 1974 to 1986. Madej (1987) studied the tributary
cross sections to determine the residence time of storm sediments. Based on
study of the tributary sections and their channel gradients, Madej (1987)
concluded that 60-100% of the storm-generated sediment stored in steep, low-
order tributaries was transported out within 5-10 years of the last large storm in
1975. Exceptions occurred where sediment was trapped by debris jams.

Lisle and Madej (1992) studied the grain-size distribution of bedload material in
the mainstem channel of Redwood Creek and found that the channel was not
well armored. The channel sediment contained too few large clasts at the surface
compared to the subsurface. The D50 ratio of bed surface to subsurface was
only 1.2-1.6 in the two measured locations, well below the optimal ratio >3 that
would be expected in a well armored bed (Dietrich and others, 1989).

11





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

Additionally, below the bed surface, Lisle and Madej found that 9-25% of the
sediment was relatively fine-grained, (less than 0.04 inch, or 1 mm) in diameter
below the bed surface. This fine-grained subsurface sediment could be readily
scoured and transported as suspended sediment during moderate flows.

Madej (1992) showed that channel scour was occurring under less than bankfull
flows based on a scour-chain study at seven sites in Redwood Creek and that
nearly two-thirds of the dry bedrock clasts used in a tumbler study (sized <0.04-
2.5 inches; <1-64 mm) broke down to less than 0.08 inches (2 mm) after the
equivalent of 8 tumbler miles (13 ‘tumble kilometers’). Attrition was greater in
schist than in sandstone, indicating that the schist breaks down more readily than
sandstone. The effect of a similar study on wetted, submerged samples has not
been performed. Madej observed that bedrock in Redwood Creek is highly
sheared, very friable and very likely to be broken down to suspended sediment
along the 67-mile (108 km) course of transport. Upstream sources of sediment
such as mass movement, gullies, road-fill failures, surface erosion on unpaved
roads and eroding banks appear to be able to contribute to the suspended-
sediment load in the mainstem channel.

Madej (1995) established boundaries for the upper, middle and lower subbasins
of Redwood Creek watershed. The subdivisions of Redwood Creek described
below approximate those used in the current NCWAP watershed assessment.

* The upper reach of Redwood Creek is relatively steep and strewn with
boulders. The valley is narrow with evidence of past streamside
landslides. The upper subbasin contains the remains of extensive gravel
berms from the 1964 flood. Many debris jams blocked the upper channel
in the 1980’s, during Madej’s study. The forest on surrounding slopes is
predominantly Douglas fir. About 80% of this subbasin was tractor logged
between 1948 and 1978, according to Madej (1995). The downstream end
of Madej’s upper basin was at a USGS stream gage near Highway 299.
Drainage area was measured at 68 square miles (175 km sq.).

* In the middle reach of Redwood Creek, the valley widens into Redwood
Valley. Earthflows are dominant on the hillslopes. Along the channel, low-
lying 5-m high alluvial terraces predominate. The channel of Redwood
Creek is wide and its gradient is 0.45%, with the exception of the
meanders. The meanders of Redwood Creek are deeply incised into
Pleistocene terraces. In this narrow valley area, the channel is rocky; it
has a 0.35% gradient and a few terraces. Timber harvest was less severe
than in the upper subbasin. However, grazing, residential development
and road construction were more extensive than in the upper basin.
Between 1948 and 1978, 92% of the middle subbasin was tractor and
cable logged, according to Madej (1995). A gauging station upstream from
Panther Creek drains 164 square miles (424 km sq.)
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* The lower subbasin is all in national park lands. The upstream portion has
a steep section called the gorge (1.4% gradient). This reach contains large
boulders at the base of a prominent earthflow. In the lower subbasin, 70%
of the redwood forest was logged before 1978, according to Madej (1995).
A USGS gauging station is downstream at Orick. The main channel below
the gage is confined between levees and influenced by tidal fluctuations.

Madej (1995) studied historical air photos and estimated the amount of sediment
that had been stored in the pre-1947 channel in the form of gravel bars, flood-
plain deposits and channel sediment. The amount of sediment below the
elevation of the 1947 thalweg was not estimated, as no earlier data were
available.

Madej (1995) described sediment storage features created by the flood in
December of 1964, including flat-topped gravel berms and an aggraded channel
bed. In lower reaches, sand from the 1964 flood covered soils on floodplains that
had previously contained only finer grained overbank deposits. The upper
subbasin contained nearly continuous elevated remnant berms of coarse gravel
30 ft (9 m) high lining both sides of the channel. The berms were not visible in
earlier, pre-1964, air photos. The berms represent the level of the streambed
immediately after the flood of December 1964. The berms buried conifers that
had been >200 years old when killed in the flood of 1964. The fact that the berms
buried such old trees indicates that the flood of 1964 was a very large event and
its erosional impact, in terms of sediment yield to the channel, was out of
proportion to the 50-year magnitude of the storm.

Madej (1995) described residence times of sediment in different forms of storage
in Redwood Creek. According to her storage categories, active and semi-active
“reservoirs” retain sediment for a few decades; inactive reservoirs retain
sediment for about a hundred years; and stable reservoirs can retain sediment
for thousands of years. Because the storm of 1964 delivered so much sediment
to storage in the channel, Madej (1995) predicted that high bedload transport
rates would continue for several decades after 1964 due to the calculated long
residence times of sediment deposited during that storm.

Nolan and Marron (1995) concluded that the recurrence intervals of the floods in
1964, 1972 and 1975 probably differed from the recurrence intervals of their
associated erosion events. The erosion was of greater magnitude than would be
expected from the sizes of the storms in terms of discharge at Orick. The authors
suggested that it is difficult to compare channel recovery times with the
recurrence interval of the initial hydrologic events triggering the disturbance.

Kelsey and others (1995) conducted field studies in the upper 21 miles (34 km) of
the mainstem to measure streamside landslides and earthflows. They used aerial
photographs to study the mainstem channel below its upper 21 miles and to
study the tributaries to the mainstem. The authors identified 877 failures along
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the mainstem and 975 failures along tributary channels. Their graph of the
cumulative input of sediment shows two reaches that contributed the most
sediment from landslides into the mainstem channel. One reach extends from the
headwaters down to the confluence with Windy Creek. The second reach
extends from just above Lacks Creek to just below Copper Creek. These authors
found that relatively more sediment was contributed where channels eroded
through sandstone units and developed inner gorges. Correspondingly they
found that less sediment was contributed along reaches where the mainstem
channel lacks an inner gorge and where it is within the Redwood Creek schist.

Past studies in Redwood Creek indicated that streamside landsliding and fluvial
hillslope erosion by road-related gullies were the most important processes
delivering sediment to Redwood Creek (Harden and others, 1978, 1995; Kelsey
and others, 1981a, 1981b). Streamside landslides are an important source of
sediment, because of their number and volume and because they deliver
sediment directly to channels (RNSP, 1999). Debris slides account for most of
the streamside landslide volume (Kelsey and others, 1995), though the types of
streamside landslides include debris slides, debris avalanches and earth flows.
The erosional landform map of Nolan and others (1976) shows streamside
landslides along most of the mainstem and major tributary channels in the upper
and middle basins. Streamside landslides may be caused in part by channel
aggradation (Janda and others, 1975) and subsequent widening of the channel.
Sediment deposited in the channel raises water levels during storms. The higher
levels of flowing water undercut the steep hillslopes that subsequently fail as
debris slides. Smaller streamside landslides (e.g., debris slides) are present in
the active toe-zone of larger landslides (e.g., earthflows, rockslides).

Pitlick (1995) measured the volumes of sediment sources (landslides) and stored
sediment in 16 tributary basins that ranged from less than 2 square miles to more
than 17 square miles. He showed that more than half of the mass of landslide
material delivered to the channels was delivered in the 1964 storm. He also
showed that the tributaries in the upper subbasin were most affected by the
storm. The 1964 storm appears to have had a widespread affect on the
watershed in terms of mass wasting-related sediment delivery into tributaries.
Whereas the total amount of landslide material delivered to each tributary varied
significantly for all other periods, in 1964 the volume was uniformly high in all
tributaries studied. Exceptional erosion in the upper basin suggests that the 1964
storm was more intense at higher elevations. The storms and land use practices
of the 1950’s may have pre-conditioned the basin for the larger storm of 1964
(Harden and others, 1978) and many earlier landslides became larger as a result
of the 1964 flood. The later storms of the 1970’s did not initiate as many slides,
because the most susceptible slopes had probably already failed during the 1964
storm.

Pitlick (1995) found that the frequency of streamside landslides was the same in
logged and unlogged areas, but that streamside landslides were larger in areas
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of land use. Pitlick showed that within the logged areas, more failures were
associated with roads than not and the failures associated with roads produced
the largest total amount of sediment from landslides. He found little difference
between the frequency and total mass of landslides generated on tractor-yarded
and cable-yarded clear cut slopes, inferring that slope angle affected stability
more than yarding method in clear cut areas. The slides in selectively cut tractor
yarded areas provided the least sediment production, suggesting that selective
cutting was less damaging than clear cutting by tractor or cable yarding. Pitlick
did not compare the effects of the different methods of cable yarding on slope
stability and rates of erosion.

Pitlick (1995) found that sediment sources along tributary channels were equally
as large and complex as those along the mainstem. However, the tributaries held
much less sediment in storage. He estimated that sediment storage in tributaries
was only 6% of what was stored in the mainstem. Where sediment was stored in
tributary channels, Pitlick (1995) found that 95% was either trapped behind
debris jams, which blocked the channel, or had accumulated in the low-gradient
parts of the tributary. In contrast, sediment storage was more spread out in the
mainstem channel, where 95% of the sediment was mapped over 75% of its
length. Pitlick’s data suggested a relatively short residence time for sediment in
higher gradient tributary channels, which is compatible with the conclusions of
Madej (1987).

Keller and others (1995) studied five tributary streams in the Redwood Creek
watershed. Three were undisturbed tributaries (Hayes Creek, Little Lost Man
Creek and upper Prairie Creek) and two were disturbed prior to 1968 (Lost Man
Creek and Larry Damm Creek). The authors selected reaches that could be
easily located on topographic maps or aerial photographs. At each site they
measured channel profiles and channel cross sections, sediment size distribution
and loading of large organic debris. They estimated minimum residence times of
large woody debris using dendrochronology and estimated the amount of
sediment stored behind the debris. They found logs that had been in the stream
for more than 200 years.

Keller and others (1995) noted that in steeper reaches, large woody debris is
contributed mostly by landsliding from adjacent steep slopes; in lower gradient
reaches, large woody debris is contributed by blowdown and undercutting of
streambanks. These authors recommended case-by-case limited removal of
debris jams generated by timber harvest. They recommended leaving large
woody debris in streams in areas of old-growth forest. They pointed out that it is
the distribution rather than the quantity of large organic debris that determines
quality of habitat in a stream.

Madej and Ozaki (1996) published one of the first studies to show a long-term

channel response to basin-wide disturbances (the storms of 1964 and 1972) and
to provide actual sediment-transport measurements. They described what they
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referred to as a “wave of sediment” that moved down the mainstem channel of
Redwood Creek. They documented this movement of bedload with data from 58
channel cross sections. These cross sections were established in 1973 by the
U.S. Geological Survey and later monitored by RNSP (Figures F6-F15). The
sediment wave initially was deposited in an area with an abrupt decrease in
channel gradient and increase in channel width. The duration of the wave
increased from 8 years upstream to more than 20 years in the lower subbasin.
Following the storm of 1975, the depth and frequency of pools increased more
quickly in degrading reaches, but increases were also seen in aggrading
reaches. Channel widths in the upper subbasin increased 150-300% after 1964.
Sediment storage increased 90% in the upper subbasin from the flood of 1964.
By 1980, half of this excess sediment was eroded and transported out of the
upper subbasin. Channel stored sediment in the middle subbasin increased 32%
after the flood of 1964. And, 62% of this excess sediment had been eroded and
transported out of the middle basin by 1980. In the lower subbasin, channel
aggradation began before 1974 in response to the floods of 1964 and 1972.
Cross sections showed that aggradation lagged in time and space as the
sediment ‘wave’ moved downstream. The estimates of aggradation in the lower
subbasin are conservative at best, because the amounts of aggradation were
compared to 1974 levels of sediment, which were already aggraded. The transit
rates of the sediment were estimated at one-half to one mile per year (800-1,600
m/year). The highest rate of downstream movement of sediment was in the reach
with the highest stream power, downstream from the confluence with Panther
Creek. The lag times in channel response to sediment loadingweredue to
relatively slow transport time for bed material and to dependence on major
storms for moving the bedload according to Reid and Funiss, 1998, written
communication, who cite Madej and Ozaki (1996).

Madej and Ozaki (1996) showed that the mainstem channel began as a sediment
sink. However, in 1990 the mainstem channel became a sediment source when
sediment eroded from temporary channel storage represented as much as 95%
of the bedload exported from the watershed. Figure F7 illustrates a longitudinal
section of the mainstem of Redwood Creek, which shows changes in bed
elevation recorded by the cross sections. Scour is shown upstream from the Tall
Trees Grove and fill, or aggradation, is shown downstream from the grove as of
1994.

Madej and Gibbs (1998) reported on a debris flow in Bridge Creek, which
delivered about 17,000 cubic yards (13,000 cubic meters) of sediment and
woody debris to the channel in 1996. This caused the upper part of the channel
of Bridge Creek to aggrade.

Madej (1999) studied longitudinal profiles of the mainstem and two tributary
channels, Bridge Creek and Lost Man Creek, to monitor the changes in bed
topography following floods and large sediment inputs. The variation in channel
bed elevations was low and the proportion of the channel length containing riffles
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was high after large floods and sediment inputs in 1975. The variation in bed
elevations increased and the length of channel occupied by riffles decreased for
20 years after the large flood in 1975. In reaches where alternate bars dominated
and wood and gravel were readily transported, regularly spaced bed topography
developed. Narrow tributaries showed a random distribution of bed elevations
where forced pools dominated and where large wood debris and bed particles
could not be easily mobilized. This was shown in spatial autocorrelation of bed-
elevation data. The 12-year flood in 1996/1997 reversed the pattern of periodic
bed structures. Madej (1999) found that bed elevations became more randomly
arranged in the transport reaches. Overall, pools were more frequent in Redwood
Creek than might be expected in a pure alternate-bar system. Madej (1999)
attributed this to the presence of large woody debris and other obstructions.

Pools deepened from 1977 to 1995, until the flood of 1996/1997. After the flood,
pool depths decreased and the percent of channel length in riffles increased.
Madej (1999) did not know if these changes had biological significance. Length of
alternate bar units was four to six channel widths, whereas pools were spaced at
three channel widths, perhaps due to “forcing elements” such as large woody
debris and other obstructions.

Madej (1999) developed a variation index [(standard deviation of residual water
depths/bankfull depth) X 100] to compare the variation of residual water depths in
streams of different sizes and to identify degrees of spatial heterogeneity of the
physical environment. The idea is that spatial heterogeneity should contribute to
increased biological diversity. The variation index was highest (>20) in study
reaches with the smallest volumes of remaining flood deposits. The variation
index shows promise as a tool to indicate more favorable stream habitat
conditions.

Madej (2001) studied a number of channels including Bridge Creek, Lost Man
Creek and the mainstem of Redwood Creek. She showed how a sediment pulse
generally diminishes channel structure, organization and roughness. Case
studies show a decrease in water depth and bed variability, but median water
depth, bed variability and development of pools and bars increase over time
along with the number of subsequent organizing flows. Topographic regularity
developed at intervals of five to ten channel widths in channels without forcing
elements and at two to five channel widths in channels with forcing elements.
Typical forcing elements included large woody debris and bedrock outcrops in
the channel.

Madej (2001) found that bar spacing was irregular 20 years after a large 1975
sediment input in three studied reaches of the mainstem. Topographic regularity
was less than the five to ten channel widths expected. Madej concluded this was
due to forcing elements including channel bends, bedrock outcrops, boulder
deposits and large wood.
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Madej (2001) reported on the development of steps where channels were newly
excavated following road removal in tributaries of Redwood Creek. She
concluded that the organization of the channel bed into regularly spaced steps
might take several decades because of the low frequency of organizing flows in
step-pool channels.

Madej (2001) also reported on longitudinal sections measured in Lost Man Creek
in 1990 and 1996, monitoring changes in the channel after the removal of a small
dam (% of its 5,232 cubic yards {4,000 cubic m}) and its stored sediment in 1989.
These sections were compared with a control reach upstream from the dam site.
By 1990, a decade later, no regularly spaced bed forms had appeared below the
former dam site. By 1996, the depth and variability of the channel bed
downstream from the former dam site had increased, but the channel lacked a
supply of large woody debris. In contrast, the reach above the dam site had in-
channel wood, deeper water, higher bed variability and strong topographic
regularity consisting of channel forms spaced four and one-half channel widths
apart. Madej predicted that the downstream reach below the former dam site will
evolve to a more complex channel with shorter wavelength features, but it will
take time.

RNSP/USGS Cross Section Monitoring

This section details the network of 58 channel cross sections, which was
established along the length of the mainstem channel of Redwood Creek from
the headwaters (Cross Section 45) downstream to the flood control levees near
Prairie Creek (Cross Section 1) since 1973. Figures F6-F14 show the locations of
the cross sections and some data from the cross sections.

The USGS surveyed the cross sections from 1973 to 1981. In the summer of
1982, the park service acquired responsibility for monitoring the cross section
network. Channel cross sections have been surveyed annually since 1974 with
the exception of 1978 and 1988 when no cross sections were surveyed. Since
1988, all accessible cross sections were surveyed during the summer months
after moderately high winter flows. Lacking moderately high or higher winter
flows, only selected cross sections were surveyed.

Cross sections were permanently marked (monumented) with steel rebar
embedded in concrete and referenced to at least two other points for
triangulation. Relative elevations between end points were established by
leveling (Emmett, 1974). Cross sections were surveyed during the summer
months with either an automatic level or an electronic total station. Photo-points
of the channel and bank conditions at cross section were also taken. The cross
sections show scour and lowering of the streambed along most of the mainstem
and sediment accumulation in the lower mainstem (Madej and Ozaki, 1996;
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RNSP, 1999). Figure F15 provides an explanation for how the RNSP cross
sections were measured.

The following discussion of the cross sections was modified from (RNSP, 2001,
written communication).

High influxes of sediment from hillslopes and stream channels during large storm
events in the Redwood Creek basin can persist for decades. After nearly 40
years, the effects of the 1964 flood event continue to impact the main channel in
lower Redwood Creek (see cross section number 6). As sediment is transported
through the system, from the headwaters to the mouth, the volume of sediment
diminishes, its thickness decreases, the sediment spreads out and its movement
downstream slows. The persistence of 1964 storm sediment in Redwood Creek
for decades has impacted several life cycles of steelhead and salmon. While the
mainstem channel bed has returned to a probable pre-disturbance elevation in
the upper reaches, bed elevation is just one measure of channel recovery. For
most of its length, the channel still remains wider than pre-1964 conditions. In
addition, the original characteristics of the riparian vegetation (old-growth
coniferous forest) have not been reestablished. Instead, the current riparian
forests are dominated by alders.

Park monitoring with cross sections continues to document channel recovery. If
there are no large influxes of sediment to Redwood Creek in the next decade or
two, there will be continued flushing of sediment stored in the mainstem channel
and channel recovery. Most changes will probably occur in lower Redwood
Creek, below the Tall Trees Grove, as the slug of sediment from the storms of
1964-1975 moves down the mainstem.

Expected impacts from another large flood event are unknown. While the upper
and middle basin appear to have recovered to a pre-disturbance bed elevation,
studies indicate that channel-storage reservoirs are still partially full from the last
series of large floods (Madej, 1992). The current volume of sediment stored in
the channel has not been determined. Without an ability to store elevated
amounts of sediment, the channel bed will respond by filling with sediment,
widening and potentially repeating impacts observed from earlier floods.

Aggradation is so extensive in lower Redwood Creek that it has locally inhibited
the surface flow of stream water (D. Anderson, 2001, RNSP).

Some cross sections endpoints have become unstable or been lost due to mass

wasting along channel banks. RNSP provided a list of the unstable section
endpoints, shown below.

Cross Sections With Eroded Endpoints (Figures F8-F13)

XIS 2 Right Bank — Bank erosion
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XIS 3 Right Bank — Bank erosion
X/S 13 Both Banks — Unstable
XIS 13 Left Bank — Unstable

XIS 16 Left Bank — Landslide

X/S 18a Right Bank — Unstable/Landslide?
XIS 23 Left Bank — Bank erosion
XIS 24 Left Bank — Landslide

X/S 30 Both Banks — Unstable
XIS 31 Left Bank — Unstable

XIS 39 Right Bank — Unstable

XIS 43b Right Bank — Unstable
XIS 43c Right Bank — Landslide
XIS 43f Right Bank - Landslide

Sediment appears to have moved downstream from the steeper source reaches
to the lower gradient response reaches. Some sediment left the watershed and
some is still in storage in lower reaches of Redwood Creek and the estuary
lagoon. Sediment left the watershed naturally through the mouth, by county
dredging between the levees (by Humboldt County) and by private, gravel mining
operations.

Data from annual cross section surveys were analyzed by a number of
researchers (lwatsubo and others, 1975; lwatsubo, 1976; Nolan and Janda,
1979; Varnum, 1984; Varnum and Ozaki, 1986; Potter and others, 1987; Ozaki,
1991 and 1992). Nolan and Marron (1995) interpreted channel response based
on cross section data from 1973 to 1981. Madej and Ozaki (1996) described in
detail the movement of a “wave” of sediment through the lower 16 miles of
Redwood Creek and the corresponding changes in the channel through 1994.

Sediment Budget (1954-1980)

Redwood National and State Parks (RNSP) developed a sediment budget for
Redwood Creek based on data collected between 1954 and 1980. The sediment
budget was summarized in various drafts of the parks’ draft Watershed Analysis
of Redwood Creek (RNSP, 1997 1999). The sediment budget showed volume
estimates of sediment that (a) entered the stream channels from a variety of
sources (landslides, surface erosion, gullies, erosion and roads and skid trails
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and streambank erosion), (b) was stored in bars and (c) moved out of the
watershed (as measured at the lowest gauging station at Orick). The U.S.
Environmental Protection Agency and the North Coast Water Quality Control
Board used the summary of the sediment budget and data from RNSP to
develop TMDL allocations (USEPA, 1998).

CGS constructed tables and pie charts from the data (RNSP, 1997 1999). Table
FT1 shows the sediment budget data with some allocations taken from USEPA
(1998).

RNSP estimated the total sediment discharge at Orick as 45 million tons from
1954-1980. This was approximately 16,000,000 to 18,500,000 tons more than
their estimated erosion and sediment storage in Redwood Creek (Figure F16a). It
represented a 35-41% difference between measured and predicted sediment
output, which is not unusual for sediment budgets.

According to RNSP, the imbalance in the sediment budget was probably due to
the conservative nature of volume estimates of erosion as described in detalil
(RNSP, 1999). The following are some examples of how conservative estimates
of erosion were used for the RNSP sediment budget.

1. Surface erosion from unpaved roads was universally estimated for heavy
use for only one year.

2. Erosion from haul road stream crossings was set at 200 yd®. Larger
estimates could have been used, for example 208 yd3 and 230 yd3 were
estimated by previous RNSP studies.

3. The number of road-stream crossings was set at 30 crossings/mi? rather
than 45 crossings/mi?. The result was a lower figure than that for the
nearby upper and middle Grouse Creek basin (Raines and Kelsey, 1991).

4. Only the original logging of old growth forest was used to calculate surface
erosion from ground disturbed by timber harvest. Use of the areas of
reentries and harvest of second growth would have increased the
sediment yield to streams from timber harvest.

5. Streambank erosion may have been underestimated in cases where it
was estimated from air-photos. In air photos, some streambanks could be
obscured by shadows. Also bank heights were difficult to estimate.

6. The areal extent of earthflows was underestimated as covering only 10%
of the basin area, with 2% of this area being very active. In contrast, CGS
found that more than 16% of the area (46 square miles) is underlain by
active and dormant earthflows and that 4.2% of the area is underlain by
active earthflows. With regard to rock slides, RNSP estimated tons of
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sediment derived from forested blockslides within schist. In contrast, CGS
mapped “rock slides” in a variety of geologic units and estimated they
cover about 30.7 square miles, or 11% of the area of the watershed. The
additional areas of deep seated landsliding are important. Areas of deep-
seated earthflows can erode to produce a higher density stream network
on the slide mass, as well as a higher concentration of debris slides, and
thus more sediment yield to streams. Large areas of hillslope landslides,
having higher rates of creep, would contribute more sediment to the
stream network along streambanks as the banks creep toward the stream.
So the area of landslides can be translated into length of stream network
that is impacted with naturally elevated sediment. This should be further
explored in the Redwood Creek watershed.

7. There is no field data regarding erosion from this watershed between 1954
and 1966 (Madej, 2002, written communication). This includes the time of
the flood of 1964, which contributed heavily to stream sediment.

According to RNSP, sediment production in past large storms was due at least in
part to land use activities (RNSP, 1997, 1999 and USEPA, 1998) (Figures F16b-
F16d). RNSP found that most human-caused erosion was from roads and most
natural erosion was from mass wasting (Figure F16e). In areas of intensive
timber harvest, roads were the primary cause of accelerated mass wasting
(RNSP, 1999). In Redwood Creek, about 42% of the sediment yield to Redwood
Creek came directly from the erosion of roads and landings, and from gullies
related to roads. Another 39% of the sediment yield came from landslides, both
natural and road-induced. About 16% of the sediment yield to Redwood Creek
came from streambank erosion, which consisted of natural erosion and also the
downstream cumulative effects of land-management.

More than 85% of the sediment contributed by landslide was from streamside
landslides and debris torrents. Many of these streamside features were
associated with roads and timber-harvest units (RNSP, 1999). The remainder of
the sediment was contributed from landslides associated with upper slope road
fill failures, landing failures and earthflows. Pitlick (1995) determined that the
number of landslides was nearly the same on harvested and unharvested lands;
however, landslides associated with roads and harvested slopes were larger and
accounted for nearly 80% of the total landslide mass entering streams. Erosion
by mass movement and streambank erosion is sometimes less clearly related to
land use than road related erosion, and more difficult to control (Figure F16).

Past fluvial erosion was accelerated by land use and could have been minimized
with better erosion-control and road-maintenance measures (RNSP, 1999).
Gullies produced the most sediment among the sources of fluvial erosion. Most
gullies resulted from streamflow diversions at road-stream crossings (Best and
others, 1995; Weaver and Popenoe, 1995). Past gully erosion could have been
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greatly reduced if stream crossings had been built to prevent diversion of
streamflow (Best and others, 1995; Weaver and Popenoe, 1995).

Large proportions of suspended-sediment remain in suspension while they are
transported through the stream network to the ocean. Fluctuations in suspended-
sediment loads are more closely related to short-term changes in watershed
conditions than to long-lasting effects of major storms (RNSP, 1999). Suspended
sediment consists of sand, silt and clay particles distributed throughout the water
column. Fine sediment carried in suspension is of concern primarily because of
its effects on aquatic habitat.

Since 1973, suspended-sediment loads have been measured at the Orick and
O’Kane (Highway 299) stations (Figure F3).

At Orick, annual suspended-sediment loads have ranged from 18,184 to
3,799,775 tons, with a mean annual load of 914,821 tons, or 65 to 9,888 tons per
square mile.

At O’Kane, annual suspended-sediment loads have ranged from 1,217 to
695,296 tons, with a mean annual load of 165,059 tons, or 18 to 10,378 tons per
square mile.

Increasing precipitation in the 1990’s and the 12-year storm of 1996-1997
reversed the trend of decreasing suspended sediment load in Redwood Creek
(RNSP, 1999). Figure F4 shows the ratio of suspended sediment yield at O’Kane
(Highway 299) to sediment yield at Orick, 1973-1998. The proportion of
suspended sediment generated in the upper part of the Redwood Creek
watershed generally increased between 1987 and 1997. In the early 1990’s,
suspended sediment measured at O’Kane rose above the values measured at
Orick, indicating that most suspended sediment was being generated upstream
from Highway 299, in the upper subbasin. The 1990’s were years of increased
timber harvest followed by increased precipitation in the upper basin. This also
corresponds with the time when elevated bedload sediment moved downstream
to lower gradient reaches of Redwood Creek, as observed by CGS in 1984-2000
photos.

The earlier work done by USGS and RNSP, and described above, raised
significant concerns about sediment contributions derived from land use
practices. While this work provided important information about sediment sources
in the Redwood Creek watershed, it must also be used with caution because
road management and timber harvest practices have changed significantly since
the more intensive USGS and RNSP studies were done. Construction standards
have been raised for roads and stream crossings; watercourse protection buffers
have been widened and enhanced. Allowable unit sizes for clearcuts and other
even-aged management units have been reduced from 80 acres to 20 acres.
Further, landowners in the Redwood Creek watershed have been actively and
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cooperatively surveying road systems for problems and undertaking work to
repair problems where identified.

The rate of sediment yield to the stream network depends on many factors
including the proportions of various geologic units exposed, their erodibility, their
modes of mass wasting, tectonic uplift rates, climate, erosion rates relative to
uplift rates, vegetation, slope aspect, and extent and types of human landuses.
CGS mapped hillslope features over the entire watershed using numerous photo
years to depict the geologic nature of hillslopes in Redwood Creek.

Hillslope mapping by CGS for the NCWAP program showed 28% of the
Redwood Creek watershed is underlain by active and dormant earthflows and
rock slides: about 6% of the Redwood Creek watershed is underlain by active
earthflows and rockslides and 22% of the watershed is underlain by dormant
earthflows and rockslides. The area of landsliding was considered in calculating
the first sediment budget (RNSP, 1997 and 1999). CGS calculated the natural
contribution of sediment to the stream network from deep-seated landslides as
well as the natural contribution of sediment from more stable “other” terrain in the
Gualala River watershed, as part of NCWAP, and in Redwood Creek (Figures
F16f-1). We predict a denser drainage pattern and a higher rate of streambank
exposure to erosion in active landslides, which we believe will contribute
relatively more natural sediment to the stream network than surrounding areas.

In Redwood Creek, we applied the same range of annual unit sediment load
used for the 2003 Gualala watershed assessment, adjusting

areas of active and dormant landslides. Based on these new estimates, natural
sediment yield to Redwood Creek would be 586-1,783 tons/sq mile/year. The
higher value of 1,783 tons exceeds the RNSP estimate of natural annual
sediment load by 15%. The RNSP estimate was based on earlier maps. The
higher number would help to increase the amount of erosion in the watershed
between 1954 and 1980, bringing it closer to the estimate of sediment output.

North Coast Watershed Assessment Program (NCWAP)
Fluvial Studies

CGS (formerly DMG) was one of five state agencies involved in the NCWAP
program, initiated in 2001, and was responsible for compiling, developing and
analyzing data related to the production and transport of sediment. Tasks
included baseline mapping of landslides and hillslope geomorphology, as well as
studies of stream geomorphology. The mapping and data collection in each
watershed consisted of a landslide and a stream-channel component. The two
CGS components were conducted concurrently and interactively and coordinated
with work on stream classification and fish habitat.

Other CGS programs that conduct regulation activities and data collection will
use NCWAP products. These programs include the engineering geologic review
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of proposed Timber Harvest Plans, Non-Industrial Timberland Management
Plans, Sustained Yield Plans and regional-scale watershed management
projects submitted to CDF, as well as any proposed watershed projects
submitted for funding by DFG.

The NCWAP watershed assessments were intended to characterize current
watershed conditions at a coarse scale and to focus on land management over
the last 150 years (historical activity), using an interdisciplinary approach to
collect and analyze information. The assessment methodology was not intended
to produce either detailed information for specific management objectives or site-
specific prescriptions. Furthermore, the assessment process was intended to be
iterative. Interdisciplinary teams were to revisit these watershed assessments as
new information became available.

Geologic Setting

Redwood Creek covers 282 square miles (180,000 acres), most of which is
forested upland (Figure G1). The basin is 65 miles long with the headwaters near
Board Camp Mountain in northern Humboldt County. The watershed drains into
the Pacific Ocean near the town of Orick. Elevation within the watershed ranges
from sea level near Orick to 5,200 feet at Board Camp Mountain. The Redwood
Creek watershed is situated in a tectonically active and geologically complex
area, with some of the highest rates of uplift and seismic activity in North America
(Figure G2)(Cashman and others, 1995; Merritts, 1996). Most of the bedrock
underlying the watershed has been broken and sheared by tectonic action
making it relatively weak, easily weathered and naturally susceptible to
landsliding and erosion. Heavy rainfall, high regional uplift rates and strong
seismicity combine with weak bedrock and erodible soil conditions to produce
widespread landsliding and high sediment input to streams. Faulting dominates
the geomorphology of the basin as Redwood Creek follows the trace of the
Grogan fault in a northwesterly direction parallel to the structural “grain” of
northern California for most of the creek’s length (Strand, 1962; Janda and
others, 1975; Harden and others, 1982). North-northwest trending narrow ridges
and valleys characterize the resulting topography.

Vegetation varies from old growth redwood forest along the lower portion of the
drainage to Douglas-fir intermixed with oak woodlands and hardwoods to
ponderosa and Jeffery pine stands in the upper elevations. Broad grasslands are
also found along the main ridge tops and south facing slopes of the watershed,
particularly along the east side. Approximately sixty eight percent of the total
watershed area has been logged at least once. Eighty-three percent of the
drainage supported mature coniferous forests prior to the harvesting of timber
within the Redwood Creek watershed. The remainder of the watershed
(approximately seventeen percent) supports grasslands and oak woodlands.
Redwood Creek drainage currently supports about 24,000 acres of old-growth
coniferous forests. Streamside timber harvesting was most intense during the
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late 1950’s to mid 1960’s especially in the upper subbasin where precipitation
was also the greatest during the 1964 storm (Harden and others, 1995). Much of
the non-Park portion of the watershed is also used for livestock range.

Annual precipitation ranges from 32 inches at lower elevations to 98 inches at the
headwaters (average is approximately 70 to 80 inches). Precipitation falls mostly
during the winter and spring, with frequent snow above 1,600 feet during winter
months. The storms of the winters of 1995-1996 and 1996-1997 were intense
locally and reportedly exceeded 1964 levels. Several storms in the winter of 1996
involved rain on snow with associated high runoff in the higher portions of the
watershed.

Air temperatures vary only slightly along the coast, but inland areas experience a
greater fluctuation. Mean temperatures at Redwood Park are 47° F in January
and 59° in June. Fog is a dominant climatic feature along the coast, generally
occurring daily in the summer and regularly at other times throughout the year.
Higher elevations and inland areas tend to be relatively fog-free.

Bedrock Units

Six bedrock units associated with the Central and Eastern Belt of the Franciscan
Complex underlie much of the Redwood Creek watershed (Figure G3). The four
main units are the Redwood Creek schist, incoherent unit of Coyote Creek, the
coherent unit of Lacks Creek and transitional rocks of the Grogan fault zone.

The Franciscan bedrock within the watershed is divided into fault-bounded units.
Progressing generally to the southwest through the watershed are the South
Fork Mountain Schist, coherent unit of Lacks Creek, incoherent unit of Coyote
Creek, altered rocks within the Grogan fault zone, the Redwood Creek schist and
the sandstone and mélange unit of Snow Camp Mountain. Older rocks
associated with the Klamath Province to the east occupy only a small area in the
southeast section of the watershed (approximately 380 acres). Relatively young
rocks of the Prairie Creek Formation overlying Franciscan Complex rocks
underlie most of the watershed north of Orick.

The age of the Franciscan rocks in the basin is not well constrained because few
fossils have been found. Those that have been found indicate an age range of
approximately 94 to 151 million years old (Cenomanian to Tithonian) (Cashman
and others, 1995). General descriptions of all the bedrock units within the
watershed follow below in order of increasing age as established by Cashman
and others (1995). CGS used the USGS geologic time scale presented by
Topinka (2001).

Holocene alluvium (less than 8,000 years old)

Unconsolidated Quaternary deposits overlie the older bedrock units particularly in
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the lower, northern part of Redwood Creek basin including the Prairie Creek
subbasin (Figure G3). Fluvial and marine deposits are present and are described
in the following section. Please note that mass wasting features shown on the
maps are described in “Landslide Types and Associated Geomorphology
Features” section that follows. Quaternary units are typically mapped based on
their age and environment of deposition as revealed by their composition,
geomorphic expression and relative position.

Artificial fill (Qaf): Man-made highly variable assemblages of sand, silt, clay
and gravel.

Beach sand (Qbs): Holocene. Unconsolidated fine to coarse-grained sand
with lesser amounts of silt clay, shell fragments and Klamath/Franciscan
cobbles and gravel.

Recent alluvium: Holocene. Interbedded boulders, cobbles, gravel, sand, silt
and clay within active stream channels and flood plains. The types of
sediment delivered to streams vary, depending on the composition of the
bedrock and/or landslide deposits being eroded. For example, debris slides
in the southern facies of the coherent unit of Lacks Creek are likely to
produce coarser grained materials (sand, gravel and cobbles), while
earthflows in mélange matrix of the incoherent unit of Coyote Creek will
produce significant amounts of fined grained materials (silts and clays) in
response to erosion. Recent alluvium is subdivided in the map area into five
subunits (Qscu, Qsc1, Qsc2, Qsc3, Qsc4).

Undifferentiated recent alluvium (Qal): Holocene. Interbedded gravel, sand,
silt and clay. May include some silt and clay estuarine deposits near the
mouth of creeks.

Alluvial fans (Qf): Holocene. Characteristically seen as broad fan/cone
shapes at the mouths of eroding stream canyons; includes debris flow
deposits typically consisting of poorly sorted silt, sand, gravel, cobbles and
some boulders.

Lacustrine deposits (Ql): Holocene. Lake deposits consisting of
unconsolidated clay, silt and fine sand.

Estuarine deposits (Qe): Holocene. Unconsolidated clay, silt and fine sand.

Quaternary rocks and deposits (less than 1.8 million years old)

Undifferentiated River Terrace deposits (Qrt): Holocene-Pleistocene. These
deposits are lithologically similar to modern alluvium accumulated in the
stream system and consist of interbedded boulders, cobbles, gravel, sand,
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silt and clay.

Marine Terrace deposits (Qmt): Holocene-Pleistocene. Undifferentiated, well-
sorted sand with minor gravel and cobbles deposited in a near-shore
environment.

Old river terrace deposits (Qort): Holocene-Pleistocene. These deposits are
lithologically similar to modern alluvium accumulated in the stream system
and consist of interbedded boulders, cobbles, gravel, sand, silt and clay
deposited in a fluvial environment and subsequently uplifted. Terrace soils
can have well-developed soils.

Prairie Creek Formation (QTpc): early Pleistocene— late Pliocene. The Prairie
Creek Formation was deposited over an approximately 1 to 4 million year
time period (Cashman and others, 1995). This unit consists of weakly
consolidated shallow marine and alluvial sediments inferred to represent
near-shore sedimentary deposits related to the ancestral mouth of the
Klamath River (Figure G3) (Cashman and others, 1995). This unit is
dominantly composed of marine sands, beach, estuarine and alluvial
deposits, grading upward from medium to coarse sand, pebbles, cobbles and
metamorphic and igneous boulders and minor organic-rich mud.

The Prairie Creek Formation is probably largely derived from Klamath
Terrane rocks farther inland rather than the nearby Franciscan Complex
because there is very little Franciscan debris within it. Additionally, this debris
is found near the bottom of the section (Cashman and others, 1995). The
best exposures are along the cliffs of Gold Bluffs Beach (the type locality),
eight miles north of Orick. Total exposed section of this unit at Gold Bluffs
Beach is approximately 1,500 feet thick. A single mollusk fossil (Protothaca
hannibali) discovered at the base of the unit provides a general age of the
formation because it has an age span from about 1 to 4 million years before
the present. No other conclusive age-determinant information has been
identified (Cashman and others, 1995). This unit is relatively stable from a
mass wasting perspective. Occasional rock slides and debris slides are the
typical modes of movement, when it occurs.

Quaternary / Tertiary gravels (QTqg). These deposits are slightly older
(possibly late Pliocene) than the Prairie Creek Formation (Kelsey and
Cashman, 1983) and typically consist of gravel, sandy gravel and gravelly
sandy silt deposited in continental and near-shore environments. This unit is
relatively stable from a mass wasting perspective because it occupies gently
sloping ridge crests in the northeast portion of the watershed.

Tertiary rocks (1.8 to 65 million years old)
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Coyote Peak Diatreme (Ti). Alkalic diatreme composed of olivine, clinopyroxene,
phlogopite, nepheline, acmite, schorlomitic garnet, titanomagnetite, perovskite,
apatite and some rare sulfide minerals. Inclusions of Franciscan sedimentary
rocks and aphanitic (micro-crystalline) alkalic (alkaline-rich) igneous rocks are
present. Located approximately 5 miles north of Pine Ridge Summit. This rock is
thought to have intruded into the Coyote Creek unit after it was emplaced against
North America.

Cretaceous to Jurassic rocks (65 to 145 million years old)

Sandstone and mélange unit of Snow Camp Mountain (KJfsc) Central Belt
Franciscan Complex. This unit underlies the southern portion of the watershed
and consists of bodies of intact sandstone intermixed with a pervasively sheared
shale-rich mélange containing blocks of metagraywacke, metachert, volcanic
breccia, metabasalt, metatuff, metavolcanic rocks, greenstone and glaucophane-
lawsonite blueschist (Figure G3). Based on our aerial photograph interpretation
and mapping, this material appears to behave in a similar manner mechanically
as the incoherent unit of Coyote Creek. The geomorphology is varied with steep
slopes forming in areas underlain by relatively competent sandstone and more
subdued hummocky terrain in areas underlain by mélange. Earthflows are the
dominant mode of mass wasting. A large earthflow complex in this unit
dominates the headwaters of Redwood Creek and appears to have deflected the
channel eastward several hundred feet.

Transitional rocks of the Grogan fault zone (KJfg) Eastern Belt Franciscan
Complex. Phyllitic sandstone and mudstone with minor greenstone,
metaconglomerate and exotic blocks of blueschist. Metaconglomerates exhibit
alignment, deformation and shattering of clasts. Grogan fault zone rocks are
described as intermediate in texture and degree of metamorphism between the
Redwood Creek schist and the sandstone and mudstone units (Harden and
others, 1982). These rocks crop out along the trace of the Grogan fault and
underlie much of the inner gorge of Redwood Creek (Figure G3). Most of the
mapped near-channel debris slides along the mainstem of Redwood Creek are
found in this unit. Debris slides are the dominant mode of mass wasting and
occur 400 to 500% more often in this unit than any other in the basin. This
predisposition to debris slides indicates the presence of relatively weak rock
within the unit.

Earthflows are also indicated in our analyses as important modes of transport
within this unit, but we suspect that this is primarily the case where the earthflows
have started upslope of the Grogan fault zone rocks in weak units and have
simply flowed across the fault zone on their way to Redwood Creek. Further
fieldwork and statistical analyses are needed to evaluate this hypothesis.

Coherent unit of Lacks Creek (KJfl) Eastern Belt Franciscan Complex. This unit
underlies the east side of the watershed and appears to have two distinct facies
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(Figures G3 - G4). The type locality of the Lacks Creek Unit (“south Lacks Creek
facies” in this report) consists of a relatively resistant assemblage of sandstone
and mudstone. Relatively intact sections of interbedded sandstone and
mudstone show rhythmic bedding and sedimentary structures characteristic of
turbidites (repeating sequences of sandstone and siltstone deposited underwater
by density currents). Sandstones are composed of lithic greywacke and
quartzofeldspathic greywacke (Cashman and others, 1995). Massive sandstone
beds are up to 10 m thick and are typically 0.1 - 3 m thick where interbedded with
mudstone. Topography is steep and rugged and debris slides slopes are
common (Figure G4, Plate 1, Sheet 2). This unit is best seen along the northeast
side of the watershed in the Lacks and Minor Creek drainages.

Harden and others (1982) also mapped the Lacks Creek unit adjacent to the
Redwood Creek channel in the Upper Basin. The “north Lacks Creek facies”
forms gentle topography compared to the “south facies” and is populated with
numerous dormant rotational landslides and occasional debris slide slopes (Plate
1, Sheet 1). The north facies appears to be more closely related, at least from an
overall rock texture basis, to the incoherent unit of Coyote Creek (KJfc), because
its topographic style and mode of mass wasting more closely resemble the
incoherent unit of Coyote Creek than the south Lacks facies (Figure G4).

Incoherent unit of Coyote Creek (KJfc) Eastern Belt Franciscan Complex. The
Coyote Creek unit consists dominantly of a fine-grained sandstone and shale
assemblage that has been pervasively sheared into a mélange by tectonic
processes. The unit underlies the Redwood Creek basin east of the Grogan fault
(Figure G3). The Coyote Creek unit is further characterized by the presence of
greenstone, chert and minor conglomerate. Greenstone blocks are found as
“floaters” in pervasively sheared mudstone matrix. Soils developing on the
bedrock are typically clay rich and highly susceptible to sliding. A small body of
igneous rock (the Coyote Peak diatreme (unit Ti, Plate 1, Sheet 2) is
approximately 5 miles north of Pine Ridge Summit.

Areas dominated by mélange generally form rounded hilltops with gentle slopes
and poorly developed sidehill drainages. Several large topographic
amphitheaters along the east side of the watershed appear to have formed in the
Coyote Creek unit over time from the long-term episodic action of numerous
earthflows (Figure G5). The amphitheaters do not appear to be active throughout
their entirety, but rather contain areas of localized activity at any given time.
Careful field reconnaissance is necessary to evaluate the relative stability of
specific areas within the amphitheaters.

Such "earthflow amphitheaters” appear to represent what we informally call
“probability surfaces” in this report. In this hypothesis, these are surfaces that
have been created over time through the actions of thousands of earthflows
occurring throughout the amphitheater in much the same way as alluvial fans
develop at the bottoms of hillsides. Alluvial fans develop when watercourses exit
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hill-fronts and migrate back and forth across valley floors, depositing sediment as
they go. The eventual result is a broad cone of sediment with its apex at the base
of the hill-front. “Earthflow amphitheaters” may form over time by material being
removed from the system by earthflow activity (“negative probability surfaces”)
whereas alluvial fans form by material being added to the system (“positive
probability surfaces”).

Sharp-crested ridges with moderately steep slopes and well-defined drainage
systems tend to develop where the upper edges of earthflow complexes meet.
Intact tectonic blocks (usually sandstone) within the Coyote Creek Unit stand out
from the surrounding landscape as steep-sided rocky knobs.

Active earthflows are the main modes of mass wasting in the mélange matrix of
the Coyote Creek unit. Mélange matrix typically underlies the expansive
grassland and lightly wooded areas present in the southeastern portion of the
watershed. Well-developed gully networks are common within the more active
portions of earthflow complexes and are considered significant sediment sources
because they are directly connected to the drainage system.

Redwood Creek schist (KJfr) Eastern Belt Franciscan Complex. This unit is
mostly light green to dark gray fine-grained foliated and crenulated (numerous
small folds) quartz-mica schist and underlies the western portion of the
watershed (Figure G3). The unit is distinctive because of its strongly developed
platy (metamorphic) textures and high quartz/mica content. The Redwood Creek
schist and South Fork Mountain Schist units appear nearly identical at hand-
sample scale. Several other types of rocks occur within the unit, including meta-
sandstone, greenstone (altered basalt) and tuff. Large variations in texture,
composition and degree of deformation are reportedly seen within this unit
(Cashman and others, 1995). Outcrops occasionally contain minor amounts of
epidote, actinolite, lawsonite and graphite.

Large dormant rotational/translational landslide complexes and earthflows are
common along the main channel of Redwood Creek and its western tributaries.
These features typically are seen as broad, bowl-shaped depressions in the
hillsides that often extend from the Creek to the ridgetop (Figure G6). The large
features do not appear to be recently active from a geomorphic perspective, but
rather contain occasional areas of localized activity. Careful field reconnaissance
is necessary to evaluate the relative stability of specific areas on these slopes.

Several factors appear to cause a significantly higher surface erosion rate in
areas underlain by schist (KJfr, KJfs) after logging than on comparable slopes
underlain by different parent material (Marron and others, 1995). The main factor
appears to be how exposure of schist soils to ash leachate following a fire
causes them to become less cohesive and readily erodible. Schist soils of the
Sites series in the watershed are described as rich in kaolinite (a low plasticity
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clay) (http://www.statlab.iastate.edu/cgi-bin/osd/osdname.cgi?-P) and varying
from non-sticky to slightly sticky when wet (University of California, 1965).

Clay minerals have a platy form and many types of clay adhere together in tiny
book-like clumps (flocculate) because of attractive charges between the particles.
Such materials are known as flocculated clays and are cohesive (cling together
well). Cohesive clays are relatively resistant to erosion as a result (Bell, 1998).
Not all clays are cohesive, however. Kaolinite is a clay mineral that has a
relatively low cohesion and is susceptible to dispersion when exposed to ash
leachate (Holcomb and Durgin, 1979). Dispersed clays have an open structure
because the attractive forces between particles are weak. This clay mineral is
commonly found in soils developed from Redwood Creek schist bedrock as
discussed earlier.

South Fork Mountain Schist (KJfs) Eastern Belt Franciscan Complex. The
dominant rock is dark gray to green quartz-albite-muscovite-chlorite schist. The
South Fork Mountain Schist is not as extensive as the Redwood Creek schist in
the watershed (4,000 v. 77,000 acres), but has similar mineralogical
characteristics (Figure G3). Includes foliated greenstone and quartz-gneissic
rocks. The surface expression is geomorphically variable. It has a well-developed
foliation (platy texture), is fine-grained and typically has quartz veins oriented
parallel to the foliation based on our field examination of hand specimens and
outcrop exposures. The dominant modes of mass wasting in this unit appear to
be large, dormant landslide complexes, active earthflows and large rotational
landslides as seen within the unit farther to the southeast in the upper portion of
the Redwood Creek watershed. Most of these large features appear to be
dormant at this time. Other modes of mass wasting in this unit account for less
than 1% of the total within the unit.

Jurassic rocks (145 to 213 million years old)

Klamath Mountain rocks (Jk). These rocks are seen as a small area (<1% of the
basin) of sheared serpentinite and altered peridotite with minor volcanic and
sedimentary rocks along the watershed boundary approximately 2 miles
southeast of Berry Summit (Figure G3) (Harden and others, 1982; Cashman and
others, 1995).

Regional Tectonics

The Redwood Creek watershed is at the western edge of the North American
continent in a complex tectonic setting near the junction of three crustal plates
(North America, Pacific and Gorda) known as the Mendocino Triple Junction
(MTJ). Some of the highest rates of uplift and seismic activity in North America
occur in this region (Cashman and others 1995; Merritts, 1996). Figure G2 shows
the general tectonic relationships, principal faults and orientation of crustal plates
relative to the watershed. The three plates interact with one another along three
major fault systems. The Pacific and North American plates slide past one
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another along the San Andreas fault, the Pacific and Gorda plates slide past one
another along the Mendocino fracture zone and the Gorda and North American
plates collide nearly head-on along the Cascadia subduction zone. The MTJ is
unstable from a plate tectonic perspective and a high amount of crustal
deformation and uplift results as the three plates move in different directions
relative to one another (Clarke, 1992; Clarke and Carver, 1992).

Most of the oldest bedrock units underlying the watershed are associated with
the Central and Eastern Belt of the Franciscan Complex (about 145 million years
old) and have been broken and sheared tectonically (Harden and others, 1982;
Harden and others, 1995). These rocks are interpreted as metamorphosed
(altered by heat and pressure) offshore sediments and fragments of oceanic
crust that were accreted (tectonically emplaced) onto the western edge of the
North American continent during a long period of plate collision and subduction in
the ancient past (Scholl and others, 1980; Ernst, 1983; Harden, 1998; McCrory,
1989). This process started at least 140 million years ago and is still continuing at
this time along this section of coast (Harden, 1998) (Figure G7). The Franciscan
rocks are overlain by relatively young (approximately 1.8 million years old)
bedrock of the Prairie Creek Formation that blankets most of the lower, northern
portion of the watershed (Figure G3) (Cashman and others, 1995). As previously
discussed, this unit appears to have been deposited along the leading edge of
the continent at the ancient mouth of what is now the Klamath River (Cashman
and others, 1995).

The sediments within the Prairie Creek Formation track a gradual change from
marine to lagoon to fluvial environments and contain little or no Franciscan debris
(ancestral Klamath River source). This suggests that erosion of the present
Redwood Creek basin began no earlier than 2 million years ago and that the
entire basin may be a Pleistocene landform (less than 1.8 million years old)
(Cashman and others, 1995)

Faulting

Faulting dominates the geomorphology of the basin as Redwood Creek follows
the trace of the Grogan fault for most of the creek’s length. This feature creates
the overall shape of the watershed (Figure G3). Bedrock units with strikingly
different physical properties are juxtaposed against one another and this directly
influences the topography, style and relative amount of mass wasting locally
(Plate 1).

Cashman and others (1995) indicate that the fault orientations throughout the
basin show a wide range from vertical to shallow dipping. The faults within the
watershed are probably Mesozoic (older than 66 million years) and Cashman
and others (1995) indicate they appear to have recently reactivated in
Quaternary time (during the last 1.8 million years). The different fault orientations
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probably represent multiple episodes of deformation as the various units were
emplaced against North America (Cashman and others, 1995).

The degree of activity along the Grogan fault is unclear, but earlier researchers in
the watershed have reported locations along the fault where Pleistocene river
terrace sediments appear to exhibit a sheared fabric and also where Pliocene
and Pleistocene sediments have been juxtaposed against Franciscan rocks
(Cashman and others, 1995). Kelsey and Hagans (1982) suggest at least 47
miles of right lateral offset may have occurred on the Grogan fault in late Tertiary
time (more than 1.8 million years ago). Jennings and Saucedo (1994) map (the
Grogan fault as Quaternary (no evidence of movement within the past 8,000
years). The Grogan fault zone is reported to dip anywhere between 65 degrees
east and west (Cashman and others, 1995).

The Lost Man and Surpur Creek faults are oriented generally parallel to the
Grogan fault in the northern part of the watershed and offset the Prairie Creek
Formation (also mapped as “Gold Bluffs Formation” in Cashman and others,
1995) (Kelsey and Cashman, 1983). All three faults (Grogan, Lost Man and
Surpur Creek) are readily recognized by their topographic expression and that
they cut and offset the Prairie Creek Formation (Plate 1, Sheet 1). The Lost Man
fault appears to have up to 700 feet of offset as mapped by Kelsey and Cashman
(1983), with a down-to-the-west sense of movement. The fault scarp is deeply
eroded, but is seen as a marked break in slope along the Highway 101 Bypass
(Plate 1, Sheet 1). The Surpur Creek fault is indicated by a series of fault
contacts between the Prairie Creek Formation and Coherent Unit of Lacks Creek
mapped by Kelsey and Cashman (1983) (Plate 1, Sheet 1).

Numerous topographic lineaments visible on aerial photographs and hillshade
DEM are present in the watershed. Most of the lineaments are oriented generally
parallel to the Grogan fault. It is unclear at this time if these lineaments represent
active faulting, coseismic deformation, bedrock structure, or a combination of the
three. One of the most visible lineaments, the Bridge Creek Lineament (BCL) of
Harden and others (1982) (Figure G8), may be up to 8 miles long based on
Harden and others (1982) mapping. The channel of Bridge Creek and two
Panther Creek tributaries appear to be defined by the BCL (Figure G8). We
extend the BCL another 10 miles based on aerial photograph, topographic map
and DEM interpretation. To the south of the Harden and others (1982) mapped
alignment, the BCL appears to coincide with a subtle slope break that continues
parallel to the Grogan fault zone southeast toward Highway 299 (Figure G8).

Another set of lineaments (Snow Camp Lineaments on Plate 1, Sheet 3) occurs
in the southwest part of the watershed and is expressed as numerous ridge-
parallel swales, undrained depressions and wet areas along the ridgetop. We
suspect these features may be associated with possible sackungen (ridge-
parallel depressions formed through gravitational or earthquake-induced
spreading of ridgetops) (Hart, 1997) (Figure G9a), or pull-apart basins formed at
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fault “step-over zones” when blocks between the fault strands drop relative to the
ground on either side (Reading, 1980; Zachariasen and Seih, 1995) (Figure
G9b). Irwin (1997) has several of these localities mapped as possible old
topographic surfaces. Additional lineaments are suggested by straight sections of
drainages and subtle changes in the topography. The combined presence of
these topographic features suggests geologically recent, possibly Holocene
movement along the Grogan fault system (Cashman and others, 1995).

Seismicity

The region experiences a high level of seismic activity and there is a large body
of evidence that major earthquakes have occurred along the Cascadia
subduction zone (Bolt and Miller, 1975; Atwater and others, 1995). Dengler and
others (1992) indicate that major earthquakes have also occurred within the
individual tectonic plates as well as along other well-defined faults.

It should be noted that the epicenter of the “Eureka Earthquake” of 1954
(magnitude 6.6) is mapped near Highway 299 where it crosses the mapped trace
of the Grogan fault (Toppozada and others, 2000). However, surface rupture was
reportedly observed only near Maple Creek, approximately 10 miles south-
southwest of the epicenter and outside the watershed (T.E. Stephens, 2001,
personal communication). No other specifics relating to the nature and extent of
the ground rupture were available at the time of this writing.

Regional Uplift and Erosion

High rates of regional uplift provide a continual source of large amounts of
sediment to the watershed (Madej, 1984a, 1995). The majority of the Redwood
Creek stream network formed sometime after the deposition and uplift of the
Pliocene-Pleistocene Prairie Creek Formation. Quaternary terraces along
Redwood Creek suggest continued uplift and downcutting of the stream.
Tectonic-related uplift is well documented to the south in the area of the
Mendocino triple junction (Merritts and Bull, 1989; Merritts, 1996) and the rapid
uplift locally is probably related to a broad regional zone of crustal thickening
created by northeast-southwest compression along the leading edge of the North
American Plate as the Mendocino Triple Junction migrates northward (Figure G2)
(Murray and Lisowski, 1995; Trehu and others, 1995). The uplift appears to be
accommodated along a complex system of folds and faults, some of which do not
extend upward to the ground surface. Cashman and others (1995) indicate that
relative uplift of the Prairie Creek portion of the Redwood Creek drainage is
estimated at nearly 1,000 feet in Quaternary time (Cashman and others, 1995).
Some of the older river terraces are over 1,000 feet above the channel (Plate 1,
Sheets 1 and 2). Most of the higher, older fluvial terraces occur on the east side
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of Redwood Creek, suggesting a significant amount of uplift of the east side of
the Grogan fault in its recent geologic history.

An emerging view regarding erosion in regions of rapid uplift is that erosion rates
adjust to high rates of tectonically driven uplift primarily through increases in the
frequency of landsliding rather than increases in slope-wash, other hillside
erosion or hillslope steepness (Montgomery and Brandon, 2002). Their
evaluation of the relation between erosion rate and the elevation of local
topography reveals a linear trend for areas with low erosion rates (slow increase
in erosion rate as elevation increases) and a highly non-linear relation where
erosion rates are highest, as in the case of tectonically active mountain ranges
(dramatic increase resembling a quadratic/hyperbolic curve in erosion rate as
elevation increases). This has been demonstrated quantitatively using 10-m DEM
data in the Pacific Northwest and larger, global-scale analyses. The Pacific
Northwest data appear to be very similar to the “global” results when comparing
climate, erosion rates and topography in tectonically equivalent regions. The
implication is that climatically driven changes in rates of valley incision may only
play a small role in controlling landscape-scale erosion rates. The main factor
may be the rate of regional uplift.

Inland, relatively steep inner gorge (or “valley-within-valley”) topography appears
to have developed in the upper and middle basins in response to this uplift. An
inner gorge is a geomorphic feature formed by coalescing scars from numerous
landslides and erosional processes caused by active stream erosion and mass
wasting in response to base level change. We define the inner gorge as the
section of slope situated immediately adjacent to the stream channel, being
situated below the first major break in slope above the channel.

Transitional rocks of the Grogan fault zone (KJfg) underlie much of the inner
gorge along the mainstem of Redwood Creek, particularly in the southern half of
the watershed (Figure G2, Plate 1, Sheets 2 and 3). The inner gorge is best
expressed where the Grogan fault zone and Redwood Creek coincide. When the
Grogan fault zone departs the Redwood Creek channel, the inner gorge is not as
distinct and becomes discontinuous, possibly in response to the presence of
more competent rocks above the channel.

The steepest slopes near the creek reportedly have thinner soil profiles
suggesting that these surfaces are younger and more dynamic (i.e., slide more
often or creep faster) than the hill slopes farther away from the channels (Janda
and others, 1975). Statistical evaluation of the typical slope of mapped landslides
within the Grogan fault zone indicates that landslides within this unit tend to have
slightly steeper slopes (approximately 42%) than any of the surrounding units
(approximately 32-35%) (Figure G10). The steeper slope is probably related to
inner gorge development. Inner gorge areas appear to be particularly unstable
because the steep slopes combine with emergent groundwater (Fetter, 1980;
Freeze and Cherry, 1979) to reduce overall slope stability within the hillsides
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(Bell, 1998; Rahn, 1996; Griggs and Gilchrist, 1977; Duncan, 1996; Sowers and
Royster, 1978). The combination of tectonic, geologic, topographic and
groundwater factors have formed a broadly convex topographic profile from the
Redwood Creek channel up to the ridge crests (Kelsey, 1988; Janda and others,
1975).

Numerous broad, concordant upland surfaces and even-crested ridges have
been identified throughout northwest California and southwest Oregon. Many of
these upland topographic features are also present in the Redwood Creek
region. Typical examples are Christmas Prairie on the west side of the drainage
south of Highway 299, Schoolhouse Prairie to the northeast and broad flat-
topped ridges on both sides of the watershed southeast of Orick (Plate 1, Sheet
1). We interpret many of these features in the north portion of the drainage as
underlain by marine terrace deposits or sediments associated with the Prairie
Creek Formation.

These types of features were first described a century ago by Diller (1902) and
have also been interpreted and mapped by numerous other geologists as ancient
remnants of a widespread, low relief landscape (Irwin, 1997). Although this
surface is thought to be mostly early Pliocene- (Batt, 2002) or late Miocene aged
(Irwin, 1997), fossils indicate that portions of these surfaces are early
Pleistocene-aged (1.8 million years old) east of Crescent City (Irwin, 1997).

Fluvial Geomorphology

Introduction

The California Geological Survey conducted a reconnaissance fluvial geomorphic
study of the Redwood Creek River watershed using aerial photographs at scales
of 1:24,000 (2000) and 1:32,000 (1984) to document the geomorphic
characteristics of the streams and to gather information on recent geomorphic
changes. Mapped features that were indicative of elevated sediment are
variously referred to in this text as stream characteristics, features indicating
stream disturbance, elevated sediment and negative stream features. The 1984
photos were taken after a record wet year in 1983 and the 2000 photos were
taken after a high precipitation year (1996) that included a 12-year recurrence
flood event (in 1996/1997, RNSP, 1999). This report includes a photo-mapping
terminology dictionary (“Stream Characteristics Photo Mapping Dictionary”) with
descriptions of mapped stream features and aerial-photographic images of
stream features, including those that indicate channel disturbance and instability
(eroding banks, wide channels, etc.). A discussion of the fluvial mapping
methodology can be found in the NCWAP Methods Manual.
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The fluvial mapping focused on identifying features indicative of stored channel
sediment and sources of sediment yield that could be identified from the
available aerial photographs. We used as many as 32 fluvial geomorphic
attributes to describe these features in the geographic information system (GIS)
database. Many of these attributes were potential indicators of elevated sediment
or sources of sediment that could lead to conditions that are detrimental to
optimum habitat for anadromous salmonids. Features suggesting channel
disturbance included lateral, mid-channel, transverse and junction bars, wide and
braided channels, aggrading and degrading reaches, tributary fans and eroding
banks. The more stable features, including point bars and vegetated bars, were
not considered to represent channel disturbance in most cases. While most of
the features are always associated with increased sediment or impaired
conditions, others, such as lateral bars, may or may not represent impairment. A
conservative method was used: wherever a feature was assigned an attribute
that indicated elevated sediment or a source of sediment yield to the stream
some of the time, that feature was included with those features having “negative”
attributes for the purposes of the Ecological Management Decision System
(EMDS) model analysis being used by NCWAP to rank the condition of the
watershed.

Table FT2 shows the fluvial data dictionary for the ArcView shape files and
associated databases. Seven types of fluvial features were mapped and
compiled into separate ArcView shapefiles: 1) stream features (polygons, line,
points), 2) gullies (lines), 3) alluvial contacts (polygons), 4) channel classification
(lines), 5) watershed characteristics (points), 6) channel data sources (points)
and 7) delivering landslides (points). Because of the constraints imposed by
ArcView shape files, features were mapped either as polygons, lines or points.
Therefore, three shape files for stream features generally were produced for
each map set. The mapping scale for NCWAP was set at the typical topographic
map scale of 1:24,000, though GIS allows for a larger scale. Dimensional
standards were set by CGS staff for both the fluvial and landslide mapping to
determine whether to map a feature as a polygon, line or point. Features were
mapped as polygons when they had a diameter of at least 100 feet and an area
of 1/5 acre (8,700 square feet or 750 square meters). Lines represent features
that are at least 150 feet long (45 meters). Smaller features were mapped as
points.

While the significance of each mapped feature relative to channel habitat quality
varies, time-series mapping of aerial photographs from 1984 and 2000 helped to
track changes and trends in channel conditions in plan view. In our analyses,
lateral bars were considered to be a detrimental feature whereas point bars were
not. The lateral bars were considered detrimental, or negative, because they
appeared to be more dynamic. Lateral bars were expected to change their size
and position more readily than point bars. Lateral bars were commonly observed
directly adjacent to a source of channel sediment, such as a streamside landslide
and remain there for some time after the landslide stabilized and vegetated. That
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was not the case with point bars. Point bars form in sinuous channels without the
presence of adjacent streamside landslides. The association of lateral bars and
sediment sources is not unique to Redwood Creek and this method was applied
to all of the watersheds studied by the NCWAP program. Mapping and tracking
all of the lateral bars can better document the changes in channel deposits.
Lateral bars that remain stable since the earliest available air photo record, prior
to mechanized timber harvest, could potentially become a measure of conditions
that were closer to baseline. Therefore, future studies might involve analyzing
lateral bars in earlier photo years.

Recent Storm History and Land Use Practices

Records show that the larger historical storms occurred in the 1860’s, 1890-91,
1953, 1955, 1964, 1972, and 1975, and a moderate storm occurred in
1996/1997. Previous studies and CGS review of aerial photographs indicate that
the storm damage caused by the winter rain of December 1964 was especially
widespread and severe throughout the basin, affecting all tributaries (Madej,
1984a,b; RNSP, 1999). USGS and RNSP suggested that the level of widespread
and simultaneous damage from the winter rain occurred because pre-1964 land
use activities provided an opportunity for very widespread and extensive
damage. During the flood, instream landings and roads were eroded and created
greatly elevated sediment loads in the streams. In the waning stages of the flood
of 1964, sediment accumulated in many of the upper source and transport
reaches of Redwood Creek. Cut logs blocked active channels and dammed large
volumes of sediment in the channels above debris jams, even in higher gradient
reaches. Large amounts of sediment became stored outside the active mainstem
channel. Over following decades, the sediment dispersed downstream to
accumulte in response reaches. In these shallow reaches, tributary discharge
mixed sediment from the numerous landslides such that the fate of sediment
from any individual landslide deposit is unknown. Fine sediment produced and
moved during the historical 25+-year storms accumulated in response reaches
and has likely affected fish habitat characteristics such as embeddedness, pool
frequency and depth, and water temperture. Some of this sediment has become
temporarily stabilized by vegetation, but it could become available during
sufficiently high flows.

Channel disturbance was more widespread in photo year 1984 than in photo
year 2000. This may be residual effects from the storm of 1975 or the effects of
the wet year of 1983. There appears to have been a general trend toward
recovery from past disturbances, according to cross section studies by RNSP
and reconnaissance air photo mapping by CGS. CGS data show a decrease in
stream features that indicate channel disturbance, by length. Recovery is at least
partly a consequence of milder storm conditions since 1975. Increased
precipitation during the late 1990’s, including the moderate 12-year storm of
1996-1997, reversed the decreasing trends in suspended sediment load in the
mainstem of Redwood Creek at Highway 299 and Orick, probably through re-
mobilization of existing sediments (Figures F3-F4). And, O’Kane began to
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measure more suspended sediment load (tons per acre) than Orick in the early
to middle 1990’s, for the first time showing disproportionate volumes of sediment
were being generated in the upper subbasin of Redwood Creek.

Redwood Creek appears to continue transporting and storing sediment at
elevated loads. The residence time of elevated sediment accumulated in
Redwood Creek watershed transport reaches is measured in decades. Sediment
accumulated in lower response reaches may remain much longer with only
vague evidence of recovery. Long-term channel surveys show sediment
delivered during the 1964 flood is still stored in the lower reaches (Ozaki and
Jones, 1998, 1999). Cross-section data indicate the mainstem channel has
aggraded significantly across its entire width in the northern, lower portion of the
mainstem of Redwood Creek since 1974 (Figures F6 and F13) and (RNSP,
1999).

General Stream Geomorphic Characteristics

Table FT3 shows Rosgen channel classifications according to gradient. Table
FT4 lists general watershed and stream geomorphic characteristics based on the
DEM drainage network. Values in FT4 are based on the lowermost point in each
planning watershed (“pwsname”) and represent cumulative upstream values.
Table FT4 includes estimates of bankfull stream cross section area and
discharges, which were made using regional equations developed by Rosgen
and Kurz (2000) from USGS stream gauge data on major north coast rivers,
where upslope drainage area is greater than 28 square miles (18,000 acres).
Rosgen types B, C and F channels were studied with channel sediment size
ranging from gravel to cobble (Rosgen class types 3 and 4). The bankfull
geomorphic channel characteristics listed in Table FT4 should be considered
approximate and are derived from relatively stable channel reaches. Geomorphic
characteristics of reaches with high sediment deposition and/or variable channel
hydraulics will likely differ from these values.

Rosgen and Kurz (2000, written communication) developed a regional curve for
north coast California streams from cross sections they measured on the Eel
River (at Scotia), Bull Creek, South Fork Eel River, Van Duzen River, Little River,
Mad River and Redwood Creek. Regional curves are useful for estimating
bankfull discharge and channel dimensions in a watershed of known drainage
area (Rosgen, 1994). The regional curve can be used to calibrate field indicators
of bankfull stage according to streamflow records at gauging stations (Rosgen,
1994).

Channels can be widen due to numerous factors including increase in sediment
load, alteration of riparian vegetation, or increase in runoff according to
references cited by Reid and Furniss, 1998, written communication. Relatively
wide channels were interpreted by CGS to have suffered stream disturbance,
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which in many cases included the temporary storage of elevated sediment. The
elevated sediment can have prevented riparian vegetation from re-establishing
either because of continued removal by flood events or because the depth of
sediment prevented shallow roots from obtaining sufficient water. Channels in
disturbed reaches can become narrower and more deeply incised than channels
mapped in stable reaches, if elevated sediment is rapidly deposited above the
level of the more frequent floodplain and the following storms are smaller events.
These characteristics are consistent with observations by others (James, 1999;
Madej and Ozaki, 1996) regarding the geomorphic changes as a channel tries to
re-establish a stable configuration by eroding excessive sediment that was
deposited by previous storms.

Analysis of Mapped Data

We analyzed our data from air-photo mapping and determined the length of
stream-disturbance features in 1984 and 2000. We compared those lengths with
the total length of blue-line streams and the total length of stream disturbance
features, determined the changes between 1984 and 2000, and spatially
compared stream disturbance with landslide locations.

In 1984, some disturbed channel reaches were spatially associated with areas of
moderate to high landslide potential (Plates 1 and 2). This spatial association
was less in 2000. The positive correlations after a particularly wet year can be
explained if rates of erosion are higher in geologically unstable areas. Such
areas contain active and dormant deep-seated landslides, debris slide slopes
and lie within our landslide potential zones 4 and 5 (Plates 1 and 2).

We also analyzed stream disturbance with respect to centers of streamside
landslides and this resulted in a positive spatial correlation. The number of
streamside landslides was determined and compared between the air-photo
years 1984 and 2000, and between areas of higher and lower landslide potential.
Results are described in discussions and figures that follow.

Gullies mapped on aerial photographs, at a scale of 1:24,000 or smaller, showed
a good spatial correlation with areas having moderate to high landslide-potential.
However, mapping was biased by vegetation. Gullies were usually mapped in
grasslands and sparsely vegetated areas. The RNSP sediment budget estimated
that these “prairie gullies” contributed only 5.5% of the total sediment contributed
by gullies to the stream network.

Stream Gradient and Reach Classification

Our reach-level channel classification was modified from Montgomery and
Buffington (1993) for compatibility with the stream classification of Rosgen
(1996). For example, we classified our channels into response and transport
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reaches using a gradient boundary of 4% rather than 3%. Figure F17 shows the
distribution of channel gradients in the watershed.

Montgomery and Buffington (1993) described source reaches as “transport-
limited, sediment storage sites subject to intermittent debris flow scour ...
Transport reaches are morphologically resilient, high-gradient, supply-limited
channels ... that rapidly convey increased sediment inputs. Response reaches
are low-gradient, transport-limited channels... in which significant morphologic
adjustment occurs in response to increased sediment supply.”

Less than 15% of the identified streams (by length) in the watershed have
gradients less than 4% (Table FT5). These low-gradient reaches include most of
the mainstem of Redwood Creek. Approximately 5% of the channels in the
watershed (by length) have gradients less than 1%. Approximately 40% of the
channel lengths are transport reaches, with gradients of 4-20%. More than 45%
of the channels by length are source reaches, which are defined here as
channels with gradients >20%. The steep source reaches occur in the tributaries.
Figure F17 shows the distribution of the response, transport and source reaches
in the Redwood Creek watershed.

We analyzed stream gradients of the (1) mainstem of Redwood Creek, (2)
tributaries to Redwood Creek, and (3) main channel of Prairie Creek. Results are
presented in Table FT6 and Figure F18. More than % of the mainstem of
Redwood Creek has a gradient <1%, thus the mainstem is mostly a response
reach. About 90% of the main channel of Prairie Creek has a response-reach
gradient of 4% or less. More than % the tributaries by length have gradients
above 20%; so the tributaries are mostly source and transport reaches.

The estuary subbasin contains the highest proportion of shallow-gradient
streams (<1%). Steeper transport and source reaches are proportionally most
abundant in tributaries of the upper, middle and lower subbasins of Redwood
Creek. Prairie Creek subbasin contains a relative abundance of transport
reaches. These proportions are based on estimates of channel slope taken from
the USGS 10-meter grid DEMs. Our DEM-based network, using a minimum
drainage area of 10 hectares (33 ft), produced a drainage network similar to the
blue-line streams on USGS 1:24,000 topographic maps .

Stream Disturbance

Fluvial characteristics were mapped and compiled in ArcView GIS as polygons,
lines and points. Figure F19a shows gravel stream bars as lines and polygons
from photo years 1984 and 2000. Figure F19b shows the same area with all
polygons replaced by lines. The features indicating stream disturbance were all
put into a separate line file of “negative” stream features and the length of stream
disturbance was compared between photo years.
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Between photo years 1984 and 2000, the length of stream disturbance features
in the entire watershed decreased by 56%, from 108 miles to 48 miles (Figures
F20-F22a-c). Less change occurred in the transport and response reaches,
where stream disturbance decreased from 48 miles to 31 miles (-35%). Much
elevated sediment probably had already moved from the steeper reaches
between 1975 and 1984, in the 9 years following the 25-year storm. Table FT7
shows the length of negative stream features in each planning watershed in
photo years 1984 and 2000.

As mentioned, all lateral bars were considered detrimental at the scale of this
assessment. Lateral bars were commonly observed immediately adjacent to
streamside landslides, where many remained after the landslide stabilized.
Lateral bars that remain stable the longest could be used as a measure of the
baseline condition. We do not know which bars existed in pre-European time. We
have compared conditions only in photo years 1984 and 2000. In photo year
2000, 60 of 204 lateral bars were in nearly the same location as in 1984. It would
be useful to map much earlier photo years to compare locations for stream bars.
A simple quantitative comparison of the stability of lateral bars from one photo
year to another could be calculated as a ratio. For example, the stability ratio for
lateral bars in Redwood Creek in photo year 2000, relative to photo year1984,
would be 29% [60/204 X 100 = 29%)]. The total number of lateral bars would also
be useful to document through a series of photo years at comparable scales.

We found that the number of lateral bars mapped in the watershed decreased by
10% between photo years 1984 and 2000 (from 227 to 204), whereas the total
number of all types of stream-disturbance features decreased by 48% (from 654
to 340 features). Lateral bars decreased only 15% in total length, whereas
stream disturbance of all types decreased by 56% between photo years. Of the
features indicating stream disturbance, lateral bars increased proportionally from
35% to 60% of the total number of stream disturbance features between 1984
and 2000. By 2000, perhaps the other less stable types of channel features were
gone and the remaining lateral bars tended to be more stable among the
negative stream characteristics. For future studies, it would be useful to study
pre-1950 air photos to identify the number and locations of stable bars before the
series of large storms of 1953-1964 and before widespread mechanized timber
harvest.

While the percentage and actual length of disturbed reaches decreased between
1984 and 2000, elevated sediment accumulated in the lower gradient stream
reaches. The response reaches showed the highest increase in the proportion of
stream-disturbance features. In the lower 6 miles of Redwood Creek, disturbance
increased from 3.5 miles in photo year 1984 to 6.5 miles in photo year 2000. This
was in part due to the buildup of multiple gravel bars in a braided reach of the
mainstem channel.
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The transport of sediment is less effective in low-gradient reaches and legal
upstream activity affects downstream salmonid-producing reaches. In response
reaches (<4%), which are favored by anadromous fish according to DFG
NCWAP, habitat has been impacted for multiple generations of anadromous
salmonids as a result of sediment accumulation since the early 1950’s. Cross
sections measured since 1973 show the progression of sediment down the
mainstem at rates of %2 to 1 mile per year (Madej and Ozaki, 1996) and into the
lowest gradient reaches of Redwood Creek.

Only a small proportion of the stream network in Redwood Creek is low enough
in gradient to be potential habitat and it is greatly impacted at present by elevated
sediment. Montgomery and Buffington (1993) stated that the “...cumulative
effects of upstream increases in sediment supply are magnified in a response
reach where longer time and/or significant morphological change is required to
transport the additional sediment.” They further stated that response reaches
“are of fundamental concern for aquatic resource management because of the
associated habitat values.”

Stream Disturbance, Landslide Features and Landslide
Potential

Elevated sediment correlates positively with adjacent unstable slopes. However,
“‘mobile” stream disturbance features such as lateral bars gained distance from
their source areas between 1984 and 2000. We found a decrease between 1984
and 2000 in the percentage of “negative” stream features within 164 ft (50 m) of
active and dormant landslides (Table FT8, Figures F23-F25). In 1984, 65% of the
features indicative of stream disturbance were within 30 m of deep-seated
hillslope landslides; in 2000 that decreased to 55% of the stream disturbance
features (Table FT 8c). This relationship is shown in Figure F23a-c. Many of the
unstable source areas were in the middle and upper parts of the watershed.
These areas contain earth flows, rock slides, debris slides, debris flows,
disturbed ground and debris slide slopes (Plates 1 and 2).

We determined the proximity of stream-disturbance features (by length) to areas
of the highest landslide potential ratings of 4 and 5 (Plate 2). In 1984, 95% of the
stream-disturbance features, by length, were within 100 ft (30 m) of these areas;
in photo year 2000, only 77% were that close (Table FT 8d). This relationship is
illustrated in Figure F23d, which shows that by the year 2000, the spatial
correlation between stream disturbance and landslide potential had lessened
dramatically. Figure F26 shows the relationship between negative stream
features and shallow active landslides within 328 ft (100 m) of streams. This is
predictable because elevated channel sediment moved downstream and away
from unstable hillslope sources. It does not imply that the natural instability of hill
slopes was entirely responsible for stream disturbance.
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We compared the proximity of blue-line streams to areas of highest landslide
potential and developed a bar graph of that relationship (Figure F26) so as to
normalize and better evaluate the distribution of stream disturbance with respect
to landslide potential in photo years 1984 and 2000. We found that the
relationships did not remain the same between photo years. Generally, negative
stream features were more displaced from landslides in photo year 2000 with the
normalized data. Our results may show streams in which disturbance features
are the most and least displaced from natural source areas such as landslides
and steep slopes. The reasons for differential displacement are numerous.

The downstream movement of sediment resulted in aggraded response reaches
where transport was slow and sediment became trapped for decades.
Aggradation involves increased fine sediment in the bedload material. Lisle and
Madej (1992) showed the mainstem channel was not well armored and fine
sediment is available even at moderate flows. Thus, habitat is affected by
increased turbidity at moderate flows. High amounts of fine sediment impairs
habitat for anadromous fish. Increased turbidity can prevent fish from seeing their
food and abrades their gills. Increased fine sediment fills interstitial spaces in
gravel redds and cuts off the supply of oxygen, the circulation of fresh water and
the delivery of nutrients to buried eggs. Aggradation in downstream reaches
contributes to increased water temperature by filling pools, creating areas of
shallower water and impacting riparian zones. The increase in water temperature
is damaging to anadromous fish. High temperatures have been recorded in
Redwood Creek, according to the appendix in this assessment report from the
Regional Water Quality Control Board.

Streamside Landslides

We mapped streamside landslides and compiled them as points in an ArcView
spatial database. For comparison between planning watersheds, we analyzed
the number of small active landslides by acre, stream length and by drainage
density without regard to the volumes of the streamside slides. The results are
presented in Figure F25 and Table FT9.

We also analyzed the relationship between the small active streamside
landslides and the deeper seated, larger active and dormant hillslope features
and found a positive correlation of 50.3% in 1984 and 59.2% in 2000 (Table FT
8a). The active streamside slides tend to occur within or near the larger landslide
features. Between 1984 and 2000, there was a small apparent increase (9%) in
the number and proportion of streamside landslides that are near larger
landslides (within 330 ft or 100 m). WE suggest that streamside landslides that
were farther away from the larger hillslope landslides stabilized and vegetated
faster than those in less stable areas, but this has not been tested. The
consequence would be that streamside landslides would remain active within
deep seated landslides even during long periods of relative drought.
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Active streamside landslides were more abundant (by area) in some planning
watersheds than in others (Figure F25, Table FT9). Also, the number of
streamside landslides increased in some planning watersheds and decreased in
others between 1984 and 2000. The locations are described below in
discussions of subbasins.

Emergent groundwater could increase active shallow landsliding on lower
streamside slopes. The effect of groundwater would have been accentuated
following wet years (1958, 1971, 1974, 1983, 1993, 1995 and 1996).
Precipitation was very high in 1983, with more than 100 inches recorded in
Redwood Creek at Highway 299 (O’Kane), nearly 100 inches in Little Lost Man
Creek and about 90 inches at Orick (Figure F1). We mapped numerous
streamside landslides in the air photos from 1984. Many of these could have
occurred as a result of high precipitation and storms in 1983.

Streamside landslides occur dominantly within the larger active and dormant-
young landslides, within debris-slide slopes (areas sculpted by numerous debris
slides or debris flows) and in the inner gorge of Redwood Creek. Sediment
derived from these streamside landslides is eventually transported downstream,
becoming disconnected from its source.

Gullies

Small natural streams have evolved in upslope areas over hundreds and
thousands of years and tend to develop a coarse sediment armor formed by lag
deposits within the channel (Dietrich and others, 1989). However, where
drainage is diverted to new areas, gullies form because the unarmored soil is
readily washed away. Gully formation can be triggered by human land use as
well as infrequent large natural events such as storms and earthquakes.

We mapped gullies if they were large enough to be visible at the scale of the air

photos (Figure F27). Many of the gullies were seen near shallow landslides and

roads. Gullies were neither visible nor mapped under forested and more densely
vegetated areas, where the ground surface is obscured.

In the Redwood Creek sediment budget, RNSP estimated that prairie gullies
contributed only 5.5% of the total sediment contributed by gullies to the stream
network. In spite of their low significance in the RNSP sediment budget, NCWAP
gullies showed a high correlation with grasslands and with the earthflows that
commonly underlie them, because the gullies were visible in these areas. About
99% of the mapped gullies (3,339 of 3,385) in the 2000 photos lie within areas
mapped as grasslands on the vegetation map because of the bias in photo

mapping.
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Madej (2002, written communication) said that areas with high susceptibility for
gully formation have moderate to steep slopes, lower hillslope position, high road
and stream densities and non-cohesive soils low in clay and rock content. Areas
having lower susceptibility for gully formation have gentler slopes, upper hillslope
positions, cohesive or rocky soils and few roads or steams.

Road-related gully erosion has been documented as a major source of sediment
in the Redwood Creek system, accounting for approximately 21% of the total
watershed output (Weaver and Popenoe, 1995; EPA, 1998). Approximately 90%
of the total gully erosion within the 1995 study area was attributed to 1%'and 2"
order watercourse diversions. Diversions consisted typically of plugged culverts
(41%), skid trail crossings that diverted existing watercourses (32%) and road
crossings installed without culverts (27%).

Culvert failures typically occur as a result of minimal maintenance, debris jams
and undersized pipes. Culvert failures and diversions often produce the largest
gullies because culverts are usually installed on larger, perennial watercourses
having higher discharge volumes. Fills that make up these larger road-stream
crossings are commonly much more voluminous than typical skid trail crossings
and can deliver larger volumes of sediment directly into streams when they fail.

Skid trail crossings usually affect smaller, ephemeral streams, which run
seasonally or sporadically and have lower discharge volumes in the winter
season. Diversions can produce moderate-sized gullies that traverse long
sections of hillside. These typically occur when watercourses are accidentally
diverted, because the channels are not as deeply incised as adjacent perennial
streams. Diverted water often ends up in adjacent watercourses (Weaver and
Popenoe, 1995).

Commonly, where roads and skid trails concentrate flows, deep gullies have
formed. Conventional attempts to provide road drainage, such as the installation
of ditches and culverts, do not always reduce erosion. Inboard ditches divert
runoff away from many small natural channels and concentrate the flow, which is
often turbid, along the inside edge of the road. This runoff eventually discharges
through culverts. Runoff is commonly inadvertently directed into new areas
where channels evolved under conditions of lower volumes of water and
sediment. This increase in flow causes an expansion of the smaller channels and
accelerates erosion of sediment, which ends up in streams.

CGS field staff in the Timber Harvest Program noted several large gullies within
the watershed created or exacerbated as a result of long-term, concentrated road
runoff from heavily used public roads including several county roads and
Highway 299 (J.N. Falls, personal communication, 2002). The road surfaces form
extensive hardscapes and seasonally deliver large amounts of storm runoff very
rapidly to gully systems that have developed over the years. In May 2000, one of
the larger gullies draining into Captain Creek was approximately 20 feet deep

47





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

and 35 to 40 feet wide and several hundred feet long (Falls, 2000). Runoff from
Highway 299 added to runoff from Chezem Road (Humboldt County) and fed the
gully system. The significance here is that the roads providing the runoff cannot
be removed or decommissioned; they are permanent roads used year-round by
many local residents, businesses and tourists.

Even when runoff is redirected away from a gully, gully sidewalls commonly
continue to fail and generate debris for several years until they equilibrate with
their surroundings. Protective vegetation is very difficult to establish in gullies
under these conditions. The upper layers of soil are gone and the remaining less
weathered material usually does not support vegetation. Mitigation of large
gullies has often required an engineering solution. Most (85%) of the observed
gully-related sediment in the lower Redwood Creek basin “could have been
prevented by careful land management and erosion control practices” (Weaver
and Popenoe, 1995).

Kelsey (1978) suggested that earthflow activity was accelerated or initiated
during the last century by livestock grazing and subsequent conversion of prairie
vegetation from perennial long-rooted native bunch grasses to annual short-
rooted exotic, though earthflows may be largely natural erosional features.
Historic overgrazing may have caused the incipient stages of erosion in the
watershed. Between 1865 and 1940, there were an estimated 15,000 to 20,000
sheep within the Bald Hills and Redwood Creek area (information gathered by J.
Erler, California Department of Forestry and Fire Protection (CDF), Stover,
personal communication). The only area considered suitable for grazing was the
32,000 acres of natural grasslands and oak woodlands. These figures suggest a
rate of 1 to 2 sheep per acre, which is well above recommendations of less than
one animal per 4 acres.

Grazing was simultaneous with and followed by, timber harvesting. A legacy
system of roads, skid trails and landings crisscross many hillsides and disrupt the
natural drainage patterns, particularly on private lands in the middle and upper
parts of the basin. Walter (1985) found that road construction accelerated gully
erosion on earthflows.

Weaver and Popenoe (1995) stated, “On sites of equal erodibility, the severity of
the erosional problems reflects not so much the actual logging methods as the
practices employed to reduce stream diversions during and following the harvest
operations.” Erosion control performed after harvest is usually in response to a
problem that could have been avoided and is typically much more costly and less
effective than careful planning and layout of the original THP. Many post-harvest
problem sites become inaccessible, or expand to the point where they are
uncontrollably large.

Changes in Stored Sediment

48





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

The CGS method of mapping of stream-disturbance features over decades using
air photos can provide insights into transport processes over the entire
watershed. This is a useful method to combine with cross section measurements
to show the state of the entire watershed or individual tributaries over time.
Figures F20-F22 show the changes in stored channel sediment from 1984 to
2000. In some reaches, features mapped in 1984 were not observed in 2000.
This is partly because sediment was transported out of the reach and also
because many streamside landslides stabilized at least temporarily and ceased
contributing sediment to the channels. Minor Creek improved greatly. In the
McArthur, May, Toss-up and Minor Creek planning watersheds, negative stream
features became the most displaced from unstable hillslope areas. Streams in
these planning watersheds transported their elevated sediment downstream and
away from unstable source areas and the channels received no major inputs of
additional sediment from surrounding hillslopes. Perhaps in some locations,
debris jams broke up as well, allowing ponded sediment from previous flood
events to move downstream.

The distance relationship between stream disturbance such as widened
channels, and deep-seated large landslides over the watershed might provide a
useful index for improvement or deterioration of a stream. We found that negative
stream features remained relatively close to unstable hillslope areas in photo
year 2000 in the upper subbasin (except for Windy Creek), parts of the middle
subbasin (Coyote, Lacks and Lupton Creeks) and Lost Man Creek (Prairie Creek
subbasin). In these planning watersheds, unstable areas may have continued to
contribute excessive sediment to stream channels between 1984 and 2000
and/or debris jams may have dammed sediment in these planning watersheds
into the year 2000.

RNSP and CGS Tributary Data

The USGS and National Park Service surveyed tributary cross sections in
Redwood Creek watershed from 1974 to 1986. Madej (1987) used the data to
determine the residence time of storm deposits in the tributaries. She concluded
that 60-100% of the storm-generated sediment stored in steep, low-order
tributaries was transported out within 5-10 years of the last large storm in 1975.
Exceptions occurred where sediment was trapped by debris jams.

We compared Madej’s cross sections with our 1984 maps of negative stream
features to see if there were any correlation between our remote sensing and
Madej's vertical cross-section data in each tributary she studied. We calculated
the proportion of channel length containing negative stream features, using
small-scale air photo mapping and our plan-view map; Madej measured the
proportion of net aggradation or scour in a vertical cross section at one place in
the tributary.
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Studies by Madej (1987) and CGS (mapping fluvial features on 1984 air photos)
compare favorably in eight of nine tributaries; the exception was in Coyote Creek.
Hayes and Bridge Creeks compared favorably in parts of the tributaries, meaning
that some, but not all, of Madej’s cross sections matched the results of our
mapping. The results vary between tributaries.

Hayes Creek

Madej (1987) studied two cross sections measured along transport reaches in
Hayes Creek (each having gradients of 15%). Madej (1987) showed net scour in
one section (-200%) and net deposition in the other section (+20%). This means
that scour consumed twice the original thickness of storm deposits identified in
one of the cross sections and that 20% of the storm deposits remained in the
other section. We found no elevated sediment in 1984 air photos (1:32,000) or
2000 air photos (1:24,000) in Hayes Creek.

Our 1984 mapping in Hayes Creek is compatible with Madej’s section showing
scour of storm sediment and with the steepness of the tributary. According to
Madej’s findings, about 60% of the storm sediment should be transported out of
the steep tributaries within 5-10 years. The 1984 photos were taken about 9
years after the last large storm. We did not see the remaining 20% of the storm
sediment that Madej identified in the second cross section in our 1984 air photos.

Miller Creek

Madej (1987) studied two cross sections along transport reaches where the
channel had a gradient of 11% in Miller Creek. Both cross sections showed a
high degree of net aggradation (+66.7% and + 65.2%) in spite of the relative
steepness of the channel reaches. CGS mapped elevated sediment in Miller
Creek in photo year 1984. The elevated sediment occupied about 49% of the
entire length of the creek.

The channel’s steep gradient is not compatible with the amount of net
aggradation in the Madej study and the relatively high proportion of elevated
sediment we mapped. The amount of elevated sediment suggests that either the
creek was blocked by a debris jam or an additional pulse of sediment affected
Miller Creek following the storm of 1975 and before Madej's 1986 cross sections.
Madej (1987) mentions that 1983 was a wet year when sediment could have
entered Miller Creek.

We found no negative stream features in Miller Creek in the year 2000. This

suggests that this tributary improved between 1984 and 2000 and that it was not
greatly affected by the flood of 1996-1997.
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Emerald Creek (Harry Wier Creek)

Madej (1987) measured three cross sections in Harry Wier Creek in transport
reaches having channel gradients of 8% (two sections) and 12% (one section).
She found net aggradation in all three sections (33.3% and 23.1% at the two
sections having an 8% gradient; 16% net aggradation at the section having a
12% gradient). Net aggradation was least in the reach having the highest
gradient.

In 1984 air photos, we found that 10% of Harry Wier Creek contained elevated
sediment. All of the 1984 excess sediment was mapped in the upper half of the
tributary and probably not near Madej's upper cross section. The distribution of
the elevated sediment in the steep upper part of the tributary, suggests that it had
been recently generated in that area.

We identified no elevated sediment in Harry Wier Creek in photo year 2000,
suggesting that 1984 sediment was transported out of the upper part of the
channel. The drainage had improved and the storm of 1996-1997 did not have an
effect that was obvious in the 2000 air photos.

The two studies show a gross correspondence in Harry Wier Creek, where Madej
(1987) showed net aggradation and we mapped elevated sediment in the 1984
photos. Both studies indicate that 9 years after the last large storm, Harry Wier
Creek still contained elevated sediment.

Copper Creek

Madej (1987) studied one cross section in a transport reach in Copper Creek and
she found net aggradation of 12.5%. At that location the channel gradient is 8%.

In 1984 photos, we mapped elevated sediment along 14.5% of the length of
Copper Creek, below and close to the location of Madej’s cross section. The
proportion of elevated sediment mapped by CGS is close to the percent of net
aggradation found by Madej in the one cross section.

In the 2000 air photos, elevated sediment decreased to 9% of the length of the
creek. This suggests that Copper Creek improved and the 1996-1997 storm had
no effect that was observable in the relatively small-scale air photos.

Coyote Creek

Madej (1987) measured one cross section in Coyote Creek, where the channel
gradient is 6%, a relatively low-gradient transport reach. She found net
degradation (-7%) of storm deposits at that location. We mapped elevated
sediment along 13.2% of the tributary from 1984 air photos.
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In Coyote Creek, Madej (1987) showed minor scour and we found what
appeared to be aggradation in 1984 photos. Aggradation and minor scour were
thus measured in the same tributary.

In the 2000 photos, we mapped elevated sediment in only 2% of the channel by
length, suggesting improvement in Coyote Creek.

MacArthur Creek

In MacArthur Creek, Madej (1987) discovered 20% net aggradation in a cross
section, which was along a transport reach having a gradient of 15%. We
mapped elevated sediment in about 2% of the tributary in photo years 1984 and
2000, though the elevated sediment was in different parts of the tributary. Both
studies saw net aggradation in MacArthur Creek.

Bond Creek

In Bond Creek, Madej found a high degree of net degradation of storm sediment
along a transport reach having a 15% gradient. We mapped no negative stream
features in either photo year.

The results of the two studies are compatible in terms of the steep gradient of the
tributary measured in both studies and the lack of elevated sediment in both
studies. The results suggest that any elevated sediment had been transported
out of Bond Creek in 1984, 9 years after the storm of 1975. Further, our study of
2000 photos suggests that Bond Creek was relatively healthy in terms of
sediment as late as 2000.

Tom McDonald Creek

Madej (1987) found net aggradation of 50% in one cross section along a low-
gradient response reach (2%). We mapped negative stream features along 7.4%
of the length of the tributary in photo year 1984, including in the location of
Madej's cross section. The results of the two studies are compatible on a local
level: both studies show aggradation at the same spot in the early 1980’s.

We found no elevated sediment in photo year 2000. This suggests that Tom
McDonald Creek improved and was not seriously affected by the 1997 storm.

Bridge Creek
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In Bridge Creek, Madej (1987) studied three cross sections in transport reaches
where channel gradients were 8%. Two showed net aggradation of 8.6-12.1%
and one showed significant net degradation of storm sediment of -32%.

In both 1984 and 2000, we found negative stream features along 8% of the total
tributary channel.

Both studies show net aggradation in parts of Bridge Creek in the early 1980’s.

Mainstem of Redwood Creek

In general, the results from USGS/RNSP cross sections and CGS air-photo
mapping show that elevated sediment was transported to the lower mainstem by
2000, where it has continued to accumulate.

Below are local descriptions of CGS air-photo mapping for four RNSP cross
sections for which D50 grain-size data are available. These descriptions were
provided to the North Coast Regional Water Quality Control Board (NCRWQCB)
for their NCWAP appendix report. The CGS and RNSP data sets represent
different scales.

RNSP cross section number 13 is downstream from Miller and Forty-four Creeks.
Both tributaries had elevated sediment in photo year 1984. Additionally, both
tributaries contained numerous recent streamside landslides in photo year 2000.
The park cross section is located where a left-bank point bar was mapped in
2000 photos. The point bar was visible in 1993 DOQ’s, though it had not been
visible in 1984 photos. Photo mapping suggests that the volume of stored
sediment increased at the location of the point bar because the point bar
appeared to have grown between photo years 1984 and 2000. The RNSP cross
section shows aggradation between 1973 and 1991. Unfortunately, there are no
post-1991 cross sections for comparison with CGS mapping from photo year
2000.

Cross section 20 is on the mainstem channel, just above the confluence with
Harry Weir Creek and at the downstream end of a right-bank lateral stream bar
identified by CGS in both photo years, 1984 and 2000. Photos show that the
stream bar eroded on its downstream end and grew at its upstream end.
Upstream there is a left-bank point bar, which, like the upstream end of the
lateral bar, grew between 1993 and 2000. This point bar was not visible in 1984,
but it was visible in 1993 DOQ’s and was mapped from 2000 air photos.
Channel-stored sediment increased just upstream from cross section 20 between
1984 and 2000. The cross section is near mainstem landslides (immediately
across from, and downstream from these landslides), which were mapped by
park staff in 1980. These landslides provided sediment to the mainstem channel
in the late 1970’s and early 1980’s. The cross section is also downstream from
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the confluence with Bridge Creek, a tributary with sediment sources including a
tributary fan (1993 DOQ’s) and recent streamside landslides (2000 air photos).
The 1993 fan was not evident in 2000. The sediment from the fan would have
been transported downstream and spread out according to grain size. The RNSP
cross section shows a 1985 left-lateral bar, perhaps a contribution from Bridge
Creek, that degraded by 2001. The cross section shows a right-lateral bar
(which was degraded by 2000), but lacks any indication of the downstream end
of the stream bar that was mapped from photo year 2000. Perhaps the bar was
scoured at the location within the year between April 2000 and the summer of
2001.

Cross section 32 is above Panther Creek. The mainstem channel is narrow in
this reach. This is the site where a concrete bridge once crossed the mainstem.
Landowners toppled the bridge in late 1997. Part of the bridge foundation is still
in the channel and creates turbulent flow observed in February 2002. At very low
flows, the road crosses the mainstem channel. Bankfull level is relatively high in
this location, because there is no floodplain for water to spread out. At high flows,
the water must rise. Gravel bars were mapped at this site in 1984 photos, but not
in 2000 photos. Though small gravel bars were observed in the field in 2002,
none were visible in 2000 air photos. The volume of sediment decreased in this
reach between 1984 and 2000. The RNSP cross section shows degradation of
this area since 1973, with less than a meter of downcutting between 1985 and
1998. The most striking features in older maps of this area are the numerous,
coalescing streamside landslides mapped more than 20 years ago (Madej,
1984Db). Landslide sediment entered the channel and moved downstream
through this narrow, high-velocity reach to lower gradient and wider areas of the
mainstem channel. There are no nearby streamside landslides evident in the
2000 photos, nor were streamside landslides visible at the site during our visit in
February 2002.

Cross section 40 is north of Highway 299 and downstream from the O’Kane
highway bridge crossing. This site has relatively little sediment in storage and few
streamside landslides. According to air-photo study, stored sediment increased
between 1984 and 2000, as suggested by the increase in the size of stream

bars. However, the RNSP cross section shows significant scour between 1973
and 1985 and only minor scour between 1985 and 2000. Further work would be
needed to calibrate remote sensing and locations of cross section studies in this
reach.

DFG/NCWAP and Redwood National and State Parks (RNSP) Channel
Cross Sections

Introduction

Channels in equilibrium with bankfull discharge have a roughly predictable width,
depth and cross sectional area and these channel dimensions have been shown
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to correspond with upslope drainage area (Dunn and Leopold, 1978). Regionally,
the average dimensions of channels are similar for streams of a given drainage
area. Channel dimensions are a function of such things as annual precipitation
and runoff (Dunne and Leopold, 1978) (and to some degree, bedrock lithology).

Rosgen and Kurz (2000, written communication) developed regional curves of
channel dimensions (width, depth and cross sectional area) for the north coast of
California. These were based on cross sections measured in the lower Eel River
(at Scotia), Bull Creek, South Fork Eel River, Van Duzen River, Little River, Mad
River and Redwood Creek itself.

DFG’s NCWAP field crews were trained in Rosgen stream measurement
techniques and measured cross sections in the Redwood Creek watershed in
2001 for habitat typing surveys (Figure F28). The field crews identified channel
type and measured channel cross sections at the appropriate cross-over spot in
the channel. They measured bankfull width by stretching a level tape across
bankfull width from one bank to the other, perpendicular to the stream. Bankfull
level was identified from changes in substrate composition, bank slope and
perennial vegetation - all caused by frequent scouring events. The crews
measured cross sections along a taut horizontal tapeline and recorded bankfull
depth from the channel bed to the tape at ten equally spaced stations. They
measured channel gradients only where they appeared to be steep Rosgen
channel types A or A+.

We plotted channel dimensions versus drainage area using information from
Rosgen and Kurz (2000, written communication), Madej (1999) and DFG field
measurements done for NCWAP (Table FT10, Figures F28-F29). Only the DFG
and Rosgen and Kurz (2000) data were done using Rosgen’s method of
measuring cross sections at a particular morphological point. We also plotted the
channel widths from cross sections measured by geology staff of Redwood
National Park in 1981 and RNSP in 2000, though these sections were not
measured at the particular part of the channel used in the Rosgen studies.

We visually selected outlying data points within combined DFG and Rosgen data.
These points plot farthest from the computer-generated trendlines and represent
channels with dimensions farthest from regional curves. These data were not
studied statistically. The data plots are described below based on visual
inspection.

Bankfull width: Bankfull widths were plotted against drainage area for all cross
sections. The plotted data points from Rosgen and DFG lie along similar trends;
data from Madej (1999) plot below and parallel to the other data sets (Figure
F29a). Madej’s (1999) bankfull channel is consistently narrower and her data
show less scatter than data from DFG and Rosgen. The data sets differ in their
slopes such that Madej’s (1999) data show more rapid increase in bankfull width
with drainage area.
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Bankfull mean depth: DFG’s mean-channel-depths were plotted against drainage
area and the results show much more scatter than the other data sets (Figure
F29b). Though based on scattered data, the DFG trendline suggests a slower
rate of increase in channel depth with drainage area than the regional data from
Rosgen and Kurz (2000). This slower increase could reflect greater aggradation
or more sediment storage in lower parts of tributaries. Depths from Madej's data
show little scatter and plot within the range of the DFG data. Madej’'s (1999) data
show the least increase in channel depth with drainage area, again consistent
with aggradation.

Bankfull cross sectional area: Channel cross section areas calculated from DFG
measurements and plotted against drainage area show a trendline that is below,
but close to that of Rosgen and Kurz (2000). DFG field data suggest less
increase in cross section area with drainage area in this watershed (Figure
F29c). This is compatible with DFG’s shallower and narrower channels in
Redwood Creek.

The mainstem channel of Redwood Creek is wider according to RNSP cross
sections (Figure F29a) than is shown by Madej (1999) and NCWAP, however the
RNSP cross sections were notmeasured at the same morphological (crossover)
spot as the Rosgen style cross sections. DFG/NCWAP field crews noted an
excessively wide lower mainstem channel in 2001 near Tom McDonald, Bond
and Elam Creeks and recorded the observations in their field notes.
USGS/RNSP cross section widths show a great deal of scatter, especially in the
lower, northern part of the mainstem channel. The scatter occurs because the
cross sections were measured in a variety of channel reaches, all the way
around meanders for example. The measurements were not confined to channel
cross over points per Rosgen (1996).

CGS visually identified outlying data points within the DFG data set. These points
are farthest from the computer-generated trendlines and represent channels with
dimensions that were farthest from predictions of the regional curves.

» Channels that were excessively deep were found in Coyote and Lacks
Creeks, within the rock unit called the incoherent unit of Coyote Creek.
The shapes and sizes of these channels might be geologically controlled.

» Channels that were too narrow and/or shallow were identified in reaches
of Beaver Creek, May Creek, Panther Creek, Prairie Creek and along the
lower, northern part of the mainstem of Redwood Creek. Shoaling of a
channel could result from elevated channel sediment. Narrowness of the
channel, or incision, might occur where a stream has cut down through
earlier storm deposits that are temporarily stabilized by vegetation.
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Reaches that are seemingly out of equilibrium should be re-examined in future
studies to find any obvious reasons why the channel parameters differ from
predictions. If appropriate, these sites could be monitored to determine if these
channel reaches are changing over time go conform to predicted width, depth
and channel cross section area. Where channels have cut through excess storm
deposits, the move toward equilibrium channel dimensions might involve the
erosion and downstream transport of the storm deposits. Cross sections should
be measured downstream from these localities.

Cumulative Effects of Mass Wasting and Land-use Activities

The erosion of naturally occurring landslide deposits within the Redwood Creek
drainage results in a high natural level of sedimentation. Many slopes within the
watershed tend to be marginally stable because of the relatively wealk,
heterogeneous nature of the underlying bedrock, high rainfall rates, rapid
regional uplift and regular strong earthquakes. Development of inner gorges and
associated landslides are common and occur naturally throughout the Redwood
Creek region.

Timber harvesting in the early 20™ century disrupted stream channels throughout
the Northern California region because trees were commonly yarded (hauled or
dragged) into active channels using oxen or “steam donkeys” (large steam-driven
winches). “Splash dams” (temporary dams designed for sudden release of their
impounded water) were occasionally used to transport large numbers of logs
downstream for processing. These artificial “flash floods” of log-laden water
typically heavily damaged or destroyed riparian zones and completely reworked
the existing channel structure. Agricultural conversions from timberland to
pasture have exposed soil to the direct erosive force of rainfall and runoff in
much of the North Coast. Historic ranching activities involved extensive clearing
and burning of timberlands for grazing with attendant increases in erosion rates.
Adverse effects of uncontrolled livestock on road surfaces, drainage structures
and riparian vegetation are well known throughout the world (Allen-Diaz and
others, 1998; Canadian Prairie Farm Rehabilitation Administration, 1999;
Scottish Environmental Protection Agency, 1997). Gullies show a high correlation
with earthflows and Kelsey (1978) suggested that earthflow activity in Redwood
Creek was accelerated or initiated during the last century by livestock grazing
and subsequent conversion of existing prairie vegetation from perennial long-
rooted native bunch grasses to annual short-rooted exotics, even though
earthflows are widespread natural erosional features.

Widespread timber harvest activities continued throughout northwest California
after World War II. This was driven by the combined effect of major advances in
tractor technology specifically developed for motorized artillery, a need for timber
to accommodate post-war building-boom demands and a tax structure that
severely penalized timber owners if they did not harvest most of their standing
inventories (ad valorem tax).
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In addition, sale and subdivision of ranches on the North Coast into residential
parcels over the past 30 to 40 years have created a dramatic increase in the
amount of ground disturbance and sedimentation because of the high number of
roads that are created to access these parcels (USEPA, 1999). Access roads are
used year-round in all weather conditions. Many are in far worse condition than
roads in adjacent industrial timberlands because current forest road construction
is regulated and held to a much higher standard of performance than that on
private property (California Forest Practice Rules, 2002; County of Humboldt,
2002).

County roads are not immune from problems either. Most of the more remote
sections in the drainage have graded gravel surfaces (Bair Road in Redwood
Valley is an example). Maintenance is an issue on these roads because of long-
term budgetary constraints, their isolation and their year-round use. About a half
of the total erosion in the Redwood Creek watershed was estimated to originate
from roads and road crossings, gully formation, and exposure of bare ground
(USEPA, 1998).

It is difficult to calculate how long the residual effects of past land-use may last.
Nonetheless, the regional-scale landslide mapping and assessment of
background geologic conditions that have been performed for this study are
intended to provide a framework with which to understand the relative sensitivity
of the Redwood Creek watershed to slope instability and human disturbance.
Further, these findings can provide a valuable starting point for use in future long-
term studies that may be undertaken to evaluate trends toward recovery from the
adverse impacts of past land-use practices in the watershed.

Bedrock Influence on Landslide Type

The character of the underlying bedrock strongly controls the type and number of
landslides within the Redwood Creek basin. For example, the distribution of
earthflows shows a strong correlation with bedrock type. Harden and others
(1995) found that large, deep earthflows were almost entirely confined to areas
underlain by unaltered, shale-rich units in the Franciscan Complex. We found
similar conditions based on our recent mapping (Figures G11-G12). Harden and
others (1995) and we have found that bedrock involved in active earthflow areas
is typically finer-grained and more intensively sheared than adjacent areas.

The terrain underlying areas with large numbers of debris flows and debris slides
are strikingly different from earthflow terrain within the watershed. These types of
mass wasting are typically found on steep ground underlain by massive, resistant
unmetamorphosed sandstone-dominated units within the Franciscan-related
rocks (Harden and others, 1982, 1995). The upper portions of Lost Man, Little
Lost Man, Lacks and Minor Creeks are examples of this type of terrain. Note that
the eastern slopes of Lacks and Minor Creeks are underlain by the “southern
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Lacks facies” and the upper portions of Lost Man and Little Lost Man Creeks may
be underlain by similar bedrock.

The distribution of debris slides also appears to be strongly influenced by the
underlying bedrock. Debris slides are by far the dominant mode of mass wasting
in the linear band of sheared, transitional rocks of the Grogan fault zone and
occur 400 to 500% more often in this unit than any other in the basin (Figure
G13). Harden and others (1995) noted similar debris slide “clusters” within shear
zones they identified along Bridge and Devils Creeks.

Earlier mapping by Nolan and others (1976) and Harden and others (1982)
suggested that there were few deep-seated landslides within areas underlain by
schist, however, we have mapped numerous large landslides in these units
(Plates 1 through 3). Further, the incidence of deep-seated landslides compared
to unit area appears to be highest in the Redwood Creek schist and the Grogan
fault zone rocks (Figure G12).

Harden and others (1995) presented several hypotheses regarding sediment
contributed by the different units in the watershed. One was that schist terrains
were relatively stable and contributed less sediment to stream than
unmetamorphosed Franciscan rocks. This was because they observed deep, old
soils on upland surfaces in the Redwood Creek schist and a prevalence of
unmetamorphosed gravel and cobbles in the Redwood Creek stream sediment.
Another hypothesis was that the subdued landscape of schist terrain resulted
from more rapid erosion and fine-grained schist cobbles are less resistant to
abrasion during transport than unmetamorphosed Franciscan rocks, presenting
an apparently smaller metamorphic component. This latter idea is compatible
with results of a tumbler study (Madej, 1992). We do not have conclusive
evidence to support either hypothesis, but favor the second because we have
identified many more deep-seated landslides in schist terrain than were originally
mapped.

Landslide Types and Associated Land-Use Recommendations

The terminology used in this document and the accompanying maps to describe
types of landslides and geomorphic features related to landsliding originates
within the Department of Conservation, California Geologic Survey (CGS) Note
50 (available at the following website:
http://www.consrv.ca.gov/cgs/information/publications/cgs notes/index.htm).
Recommended guidelines for land use were developed primarily from field
experience, recommendations made by CGS geologists during the Timber
Harvesting Plan review process, practices currently required under the Forest
Practice Rules (California Administrative Code, 1997) and mitigation measures
recommended in numerous geologic reports prepared for California Department
of Forestry and Fire Protection (CDF), Department of Water Resources (DWR)
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and the US Forest Service (USFS). Although these guidelines have been
principally applied to timber harvest practices, they are also applicable to
activities associated with ranching, subdivision construction and other land uses
in the Redwood Creek watershed. We repeat the discussions from Note 50 for
clarity here.

Recommendations are presented according to individual types of landslides and
related geomorphic features. However, many landslides are, in reality, complex
bodies subject to more than one type of landslide process. Accordingly, land-use
management implications for such areas are likely to be more complex than may
be suggested here.

Rock Slide

Rock slides (commonly known as translational/rotational landslides) are
characterized by a somewhat cohesive slide mass and a failure plane that is
relatively deep-seated when compared to that of a debris slide of similar size.
Failure commonly occurs within the bedrock along bedding, fractures or joints in
the rock. Sense of movement on the failure plane is either linear in translational
landslides, or curved in rotational landslides. Complex versions involving rotation
of the head followed by break-up of the slide mass and translation as an
earthflow are common.

The slide typically contains a near-vertical scarp in the head region. The slide
mass is characterized by hummocky topography consisting of rolling, bumpy
ground, frequent benches and poorly drained depressions. The toe of the slide
may be steep where slide material has overridden the existing ground surface
and accumulated.

The major land-use management objectives for mitigating potential problems on
rock slides are to minimize concentration of water onto the landslides, avoid
undercutting the toe areas (reduce resisting forces), minimize loading the upper
bench of the slide (increase driving forces) and avoid the potential for activation
of debris sliding on steep scarp and toe areas. Roads and timber harvest
landings should be carefully located with these considerations in mind.

Earthflow

An earthflow results from relatively slow movement of saturated soil and debris in
a semi-viscous, highly plastic state. After initial failure, earthflows may move, or
creep seasonally in response to destabilizing forces. Earthflows are typically
composed of pervasively sheared, fine-grained clay-rich materials that swell
slightly when wet, causing a reduction in grain-to-grain contact forces and
subsequent movement. The materials in earthflows typically have low cohesion
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and erode easily, often resulting in large gullies where drainage is concentrated.
Natural drainage patterns are often irregular and abandoned channels are
common because of recurrent movement within the slide mass. The
characteristically irregular, hummocky ground of earthflows is generally treeless
and dominated by grasslands and meadows. Undercutting of the toe of an
earthflow is likely to reactivate downslope movement.

Because earthflow materials are so easily erodible, the main objective in land-
use practices is to minimize ground disturbance on the slide. Livestock grazing
should be limited and directed away from earthflow areas when practicable.
Road construction across earthflows should be avoided whenever possible. If
roads are necessary, avoiding the concentration of water onto the slide mass and
avoiding deep cut slopes into slide deposits are recommended. Roads generally
perform better in the long-term when they are self-draining (out sloped) and
follow the existing topography with a minimum of grading.

Debris Slide

Unconsolidated rock fragments, colluvium and soil that have moved downslope
along a relatively shallow translational failure plane characterize debris slides.
Debris slides leave steep, unvegetated scars and form irregular, hummocky
deposits (when present) in the toe region. Debris slide scars often ravel and
remain unvegetated for several years. Sliding often occurs during high intensity
storms. Retention of vegetative cover is important to slope stability because the
removal or reduction of root strength is likely to change the shear strength and
slope hydrology of potential debris slide deposits.

Land-use management activities need to focus on measures that will retain root
support, minimize water concentration and flow along the soil/rock interface,
avoid the undercutting of colluvial materials down to the potential slide plane and
minimize the adding of unconsolidated materials such as un-engineered fill on
steep slopes. New road construction across debris slides should be avoided
where possible and existing roads used instead.

Debris Flow/Torrent Track

Debris flow and debris torrent tracks are characterized by long, narrow stretches
of bare, generally unstable stream channel banks that have been scoured and
eroded by the extremely rapid movement of water-laden debris. Debris flows
commonly start as relatively small debris slides, landslides or fill failures
(particularly at stream crossings) in the steep upper parts of drainages during
high intensity storms. Debris flows typically scour the channel banks and floor,
“bulking up” as they move downhill (Corominas, 1995). Thus, for example, debris
flows that start as several hundred cubic yards of failed material may end up as
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many thousands of cubic yards of debris in the deposition zone. Occasionally,
potentially large debris flows/torrents appear to have been prevented when the
initial failure debris became trapped among large trees close to the source area
(J.N. Falls, personal communication, 2002). Once failed, the scoured debris is
usually deposited as a tangled mass of large organic debris in a matrix of poorly
sorted gravelly sediment and finer organic material. Such debris may be
reactivated or eroded during subsequent events.

The main land-use management objective in mitigating areas containing debris
flow/torrent tracks is prevention: the avoidance or reduction of the potential for
generating or reactivating debris flow and debris torrent deposits. The benefits of
tree retention in these areas should be further evaluated. Road and landing
construction should be avoided across potential debris flow/torrent tracks. Roads
should be well drained and watercourse crossings should be constructed to
prevent diversions when the culverts plug.

Inner Gorge

For the purposes of this study, we define an inner gorge as a geomorphic feature
formed by coalescing scars originating from accelerated landsliding and
erosional processes caused by active stream erosion in response to base level
change. Specifically, inner gorges are identified as the sections of slope situated
immediately adjacent to the stream channel below the first break in slope above
the channel and/or having a side slope of generally over 65%.

The main land-use management objectives in mitigating slope stability problems
in the inner gorge are preventive: protect vegetation and minimize the potential
for the generation of debris slides. Road construction should be avoided within
the inner gorge where possible. Water should be directed away from unstable
inner gorge slopes. An equipment exclusion zone (EEZ) within the inner gorge is
recommended. A suitable vegetative cover should be retained to provide root
support, evapotranspiration and rainfall interception.

Disrupted ground
These are areas of irregular slope that we cannot conclusively show to be mass
wasting related. The topography may be caused by shallow soil creep or

differential erosion of the underlying bedrock, rather than discrete landslides or
earthflows.

Fluvial Geomorphic and Geologic Descriptions of Subbasins

Estuary Subbasin
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Slopes underlain by Redwood Creek schist surround the estuary subbasin
(Figures G14-G15, Plate 1, Sheet 1). Remnants of uplifted marine terraces form
flat-topped ridge crests in a few locations. Several rotational landslides as well as
large areas of disrupted ground and debris-slide slopes have been identified on
the south side of the estuary. Slopes north of the estuary are mantled with
several earthflow complexes. Several small alluvial fans formed out on the valley
floor.

The estuary subbasin (part of the Skunk Cabbage Creek planning watershed)
includes the mouth and lower mainstem of Redwood Creek. The area is about
4,850 acres and the total length of blue-line streams is nearly 13 miles, including
the lower 3.2 miles of Redwood Creek. The subbasin contains 10 blue-line
tributaries, four of which have names: Johnson Creek, Skunk Cabbage Creek,
Sand Cache Creek, North Slough, and Strawberry Creek.

Elevated sediment increased in total length from 1.4 miles, in photo year 1984, to
at least 3 miles in photo year 2000. In both photo years, most of the elevated
sediment in this area was observed in the main channel of Redwood Creek,
between the levees (Figure F42 and Table FT11). In photo year 2000, elevated
sediment occupied about 25% of the total length of blue-line streams in the
estuary subbasin.

Disturbance in the subbasin appears to have been particularly intense in the
years immediately prior to Park expansion in 1978 (see CDF Appendix report).
Timber harvesting methods tended toward clear cuts. Watercourse crossings
were often poorly constructed and typically did not have backup drainage
structures to prevent runoff diversion in case a culvert plugged. Roads were often
on marginally stable ground. Un-engineered side cast roadway fills were often
susceptible to failure during foul weather and delivered large amounts of
sediment into the system when they failed.

The sediment supply to the estuary is naturally high because of its location at the
mouth of Redwood Creek. The sediment supply was enhanced during the last 50
years by major storms in 1955, 1964, 1972, 1975 and 1996-1997 (RNSP, 1999).
Sediment naturally accumulates in the estuary because of its low gradient and
backwater effects.

The addition of the levee system in 1968 has probably exacerbated the sediment
problem within the estuary system by simplifying the channel, increasing the
channel gradient at the mouth, restricting the flow and reducing the volume of the
tidal prism. Channels need complexity and structure in order to create the
hydraulic jumps required to move sediment through the system (Montgomery and
Buffington, 1993).

It should be noted here that estuaries form naturally. In this part of the North

Coast, waves from the northwest strike the shore at an angle and distribute
sediment in a southerly direction along the coast in a process known as littoral
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drift. Sand moving along the coastline in this manner accumulates naturally at the
mouths of rivers and bays forming spits, which in turn create estuaries, then
lagoons when they join. Humboldt Bay, Big, Freshwater and Dry Lagoons and
the Redwood Creek estuary are examples of this process.

Janda and others (1975) described the estuary at the mouth of Redwood Creek
and stated that the tidal influence on river stage extended 1.6 miles upstream.
Reports and data available from RNSP describe the estuary and its importance
to the survival of anadromous fish.

Aerial photographs indicate the estuary of Redwood Creek diminished after
levees were built along lowermost Redwood Creek. Pre-levee photos taken from
1905 through 1965 show the water-covered area of the estuary was significantly
greater (Figures F30a —i). The estuary covered twice its size according to Janda
and others (1975). Aerial photographs taken in April 2000 show no estuary at the
mouth of Redwood Creek, only a constriction at the beach. The lower two
meanders near the mouth of Redwood Creek, which used to be active parts of
the mainstem, were called Baine’s Bend and the meander south of Middle Island
(Ricks, 1985, 1995). This lower meandering part of the channel became a
backwater slough after the creek was confined between the levees (Janda and
others, 1975). Tidal inlets once projected inland from the north side of the estuary
to the northeast and east. After levee construction, these inlets were plugged by
sediment and are not easily visible in some later air photos. The North Slough is
the remnant of what were probably larger tidal inlets. The North Slough is
blocked by marine beach sediment (RNSP staff, personal communication, 2002).

Ricks (1985, 1995) showed evidence for an increase in marine storm influence in
the estuary, following construction of the levees. Her evidence consisted of
increased blue-green hornblende content in estuary sediments. The blue-green
hornblende was carried southward by longshore drift from the Klamath River,
where it occurs in greater abundance than in Redwood Creek.

According to RNSP staff, the levees keep sediment from stopping at the estuary.
If the levees were removed, they feel the estuary would probably fill with the
excessive fluvial sediment transported from Redwood Creek (RNSP, 2002,
written communication) rather than with marine beach sand.

Gravel bars in and near the mouth of Redwood Creek were observed in a
number of sets of aerial photographs (1936, 1948, 1965, 1984 and spring of
2000). The gravel bars vary in size and shape from photo year to photo year
(decade to decade), reflecting the conditions of storage and transport of
sediment. Evidence of a unique episode of major sediment movement at the
mouth is visible in early 1965 aerial photographs taken approximately 3 weeks
after the main flow of the 1964 event. The usual estuary berm had been
breached by exiting the floodwaters and a large arcuate bar of sediment had
been deposited several hundred feet outboard of the existing beach line,
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encroaching into what had been the surf zone. Littoral drift had reworked the
sediment and deflected the mouth of the channel approximately 1,000 ft to the
north and offshore, into a pre-existing rocky shoal area. The channel turned
westward at this point. Later aerial photographs showed the estuary berm back in
its normal position, exiting to the sea at the unnamed rocky point of land to the
north.

The greatest change appears in the post-levee photos (Figures F30g-F30i),
where gravel bars in the channel are longer and more streamlined, suggesting
that sediment passes more quickly through the confined simpler channel.
Because of this, sediment stored between the levees has a unique designation
on NCWAP’s geologic map (Qscl).

The streams in the estuary subbasin are mostly shallow response reaches;
source reaches are scarce. About 69% of the stream lengths have channel
gradients less than 1%. About 17% of the stream lengths are transport reaches
(gradients of 4-20%); only 6% are source reaches (gradients above 20%) (Table
FT5).

Our fluvial mapping showed an increase in elevated sediment in the estuary
subbasin between 1984 and 2000 (Figures F20 -F22). We noted a decrease in
the density of active streamside landslides in the same time period (Figure F25).

Ecosystem Management Decision System (EMDS) analyses of the lengths of
stream disturbance features from 2000 air photos, including elevated channel
sediment, show mainstem scores in the estuary CalWatershed are the lowest
(worst) of those along the entire mainstem. (“CalWatershed” refers to a series of
discrete watershed evaluation areas established by the State of California for
evaluation of cumulative watershed effects during the timber harvesting
process.). This is because a relatively large amount of elevated sediment is
stored in the mainstem of Redwood Creek within the estuary subbasin as defined
in this report. The tributaries around the estuary obtained the second lowest
possible score, indicating a relatively high amount of sediment in tributary
storage around the estuary.

Prairie Creek Subbasin

The Prairie Creek subbasin contains Prairie Creek, Little Lost Man Creek, Skunk
Cabbage Creek and others (Figure G16). The Grogan fault zone trends primarily
through uplands in the southwest part of the subbasin, though west of the
watershed the fault runs southwest of and parallel to Squashan Creek and Fern
Canyon and it appears that the fault may control the location of the creek there.
Other sub parallel structural features (faults, folds or joints reflected by
topographic lineaments) appear to influence the locations and orientations of
Little Lost Man Creek and Prairie Creek.
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This subbasin is roughly defined by Skunk Cabbage Creek to the southwest,
Little Lost Man Creek to the southeast and Prairie Creek to the north. The
Pliocene-Pleistocene Prairie Creek Formation (QTpc) forms most of the bedrock
exposures west of Highway 101. The Prairie Creek Formation is a moderately
cemented sand and gravel deposited at the ancestral mouth of the Klamath
River. A small gold rush in the 1850’s occurred when prospectors discovered
gold in beach placers derived from the Prairie Creek Formation at Gold Bluffs
beach.

This subbasin appears to occupy the south half of an area that has been domed
and uplifted across a broad zone extending from Orick northward to the town of
Klamath. Major drainages trend northwest to north-northwest; subsidiary
drainages are nearly perpendicular to the northwest trend of the major drainages
and are oriented from southwest to west-southwest.

The major drainages on west side of Prairie Creek generally have very gentle
gradients at their heads and relatively broad, flat-floored valleys. Stream profiles
steepen towards the modern Redwood Creek channel rather than starting steep
and flattening downstream as is more typical of drainage profiles. This “reversed”
profile appears to be in response to the regional deformation and uplift.

Hanging valleys visible along Gold Bluffs outside of the watershed provide
geomorphic evidence of headward erosion and stream capture. Some of the
drainages along the coastline west of the subbasin have seasonal waterfalls.
Main drainages do not appear to be actively moving much sediment at this time
because there appears to be little incision except around the periphery. This may
be the case because the headwater gradients of most of the creeks are very
gentle.

Drainages east of Highway 101 are steeper and underlain by the north Lacks
Creek facies and Prairie Creek Formation. Outcrops at higher elevation have
been uplifted along the Lost Man fault (Kelsey, 1989, unpublished mapping);
Franciscan Complex rocks are exposed below the “cap” of Prairie Creek
Formation in the eroded fault scarp.

Within the subbasin, small debris slides are most common in the Prairie Creek
Formation (QTpc). Steeper terrain & debris slide slopes are present in the
southeastern half of the sub-basin. This may be caused by a change in the
underlying bedrock. Occasional inner gorges are present near the lower portions
of the slopes east of Highway 101.

The southeast portion of the drainage contains numerous rotational landslides
and earthflows and is largely underlain by the north Lacks Creek facies (KJfl).
Large amounts of sediment reportedly made its way into the Prairie Creek
system as a result of the Highway 101 bypass construction. A storm in October
1989 eroded fine sediment from exposed areas along the Highway 101 bypass
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above the basin and deposited surface silt along Prairie Creek downstream from
Brown Creek and within the Brown, Boyes and May Creek tributaries (Meyer,
1994). As a result of the storm, park geologists monitored precipitation, water
discharge and suspended-sediment discharge in Prairie Creek for about 10
years. Data and reports are available from RNSP.

Exposed sandy fills were highly susceptible to erosion and roadway sanding
during icy conditions in the winter reportedly continues to pose a major
sedimentation problem (DFG, 2002, this volume). Channel bottom sediments in
this area are naturally fine grained because of sandy parent material and low
channel gradients. Highway activities may continue to add fine sediment to the
system.

Prairie Creek, the largest tributary to Redwood Creek, joins the Redwood Creek
mainstem about a mile north of Orick. Prairie Creek flows along Highway 101
through private agricultural land and old-growth forest in RNSP. Most of the
tributary basins south of Boyes Creek have been logged, with the exception of
Little Lost Man Creek.

Average hillslope gradients are less steep than elsewhere in the Redwood Creek
watershed (Janda and others, 1975). The lower, southern part of Prairie Creek
basin is underlain by rocks of the Franciscan Complex (as discussed above) and
has physiography more like that upstream along the mainstem and higher
tributaries of Redwood Creek watershed (Iwatsubo and others, 1976; Janda and
others, 1975).

Prairie Creek consists of about half response and half transport reaches and a
higher proportion of source reaches than the estuary. About 41% of the stream
reaches in Prairie are response reaches (Table FT5); 15% of the total reaches
have channel gradients less than 1%. About 43% of the total reaches are
transport reaches and 16% are source reaches.

Prairie Creek occupies a narrow channel that is separated from a wide upper
floodplain by clearly defined banks (Janda and others, 1975). Streambed
material is sandy-fine pebble gravel with sparse accumulations of coarse organic
debris (Janda and others, 1975).

Our fluvial maps showed a decrease in elevated sediment in the Prairie Creek
subbasin between photo years 1984 and 2000 (Figures F20 -F21). The decrease
was greatest in the Lost Man Creek planning watershed (Figure F21).

We identified a thousand-foot reach of widened channel in 2000 air photos in the
main channel of Prairie Creek, just above its confluence with May Creek. This
widened channel post-dates the 1989 storm and erosion event, which contributed
fine sediment from construction activities along the Highway 101 Bypass to
tributaries of Prairie Creek. The 1984 air photos pre-date the storm and show
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pre-Bypass reaches of widened channel in lower Brown, Lost Man and Little Lost
Man Creeks. These widened reaches may be the result of earlier floods or the
wet year of 1983.

Below is more detailed information about the channel conditions in individual
planning watersheds (Figure F42 and Table FT11). The planning watershed
boundaries do not generally coincide with natural subdivisions of the watershed.
The general trend between photo years 1984 and 2000 was for stream
disturbance to decrease or disappear entirely in tributaries and become confined
to the mainstem of Redwood Creek, as well as to the main channels of larger
tributaries such as Lacks Creek.

The following descriptions were taken from ArcView shapefiles. One of these is a
“‘line” file that approximates the blue-line streams of U.S. Geological Survey
topographic maps. The stream-network data resemble what would be found on
the printed maps, but may not be identical to the blue-line streams on the
topographic maps. The length of each stream-disturbance feature was measured
individually, and these lengths were summed for each tributary and planning
watershed. All length measurements precise due to the nature of computer
calculations, but the measurements are not equally accurate at this scale of
watershed assessment.

Lost Man Creek

Lost Man Creek planning watershed occupies about 12,704 acres and contains
about 37 miles of blue-line streams, including about 3 miles of Prairie Creek. The
planning watershed contains 25 blue-line tributary line segments, including, five
draining into Prairie Creek and the rest draining into tributaries to Prairie Creek,
including Larry Damm, Lost Man, and Little Lost Man Creeks.

In photo year 1984, wide channels were mapped in Lost Man and Little Lost Man
Creeks, and in photo year 2000, one wide channel was mapped along the main
channel of Prairie Creek. The total length of wide-channel reaches decreased
from 2.8 miles in 1984 (7.6% of total blue-line stream length) to 0.17 mile in 2000
(0.47 % of total blue-line stream length).

May Creek

May Creek planning watershed occupies about 11,243 acres and contains about
37 miles of blue-line streams, including about 8 miles of Prairie Creek. The
planning watershed contains 25 different segments of blue-line stream, some
draining directly into Prairie Creek and others draining into tributaries, including
Brown, Boyes, May, Girdwood, and Streelow Creeks, as well as Hope and Little
Creeks in the northern part of the planning watershed.
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Visible stream disturbance, consisting of wide channels, was sparse in this area.
Wide-channel reaches were less than 1% of the blue-line streams by length,
meaning that the total length of all stream disturbance features was less than 1%
of the total length of blue-line streams in the planning watershed. Stream
disturbance decreased slightly between photo years. In 1984 there were two
wide channel reaches in Brown Creek (0.29 mi total length), and in 2000 there
was one wide reach in observed in Prairie Creek (0.2 mi in length)

Lower Redwood Creek Subbasin

This part of the watershed is defined by the area immediately east of the
confluence of Redwood Creek with Prairie Creek extending south to Devils Creek
(Figure G17). Redwood Creek schist (KJfr) dominates the bedrock in this part of
the drainage. The incoherent unit of Coyote Creek (KJfc) and the coherent unit of
Lacks Creek (KJfl) form two relatively narrow bands of bedrock immediately east
of the Grogan fault. The coherent unit of Lacks Creek forms the steeper uplands
and the incoherent unit of Coyote Creek forms the lower, earthflow-dominated
inner gorge slopes closer to Redwood Creek. The watercourse below the Bridge
Creek confluence appears to be a depositional reach. The main channel from
Devils Creek to Bridge Creek is the area with the largest debris slides in the
entire watershed (as mapped from the 1978 aerial photographs). Some of these
inner gorge debris slides extend 500 to 1,000 feet upslope.

The lower subbasin is entirely in national park lands. The upstream portion has a
steep section called the gorge (1.4% gradient). This reach contains large
boulders at the base of a prominent earthflow. In the lower subbasin, 70% of the
redwood forest was logged by 1978. A USGS gauging station is downstream at
Orick. The main channel below the gauge is confined between levees and
influenced by tidal fluctuations.

Much of the lower part of Redwood Creek is relatively straight and closely follows
the Grogan fault zone to the mouth of Dolason Creek. Streamside landslides are
abundant along this reach within the fault zone. Below the mouth of Dolason
Creek, Redwood Creek veers westward into the Redwood Creek schist.
Redwood Creek widens below Bridge Creek, the next tributary. This lower, wider
and flatter stretch contains large stream bars and some elevated terraces,
including the terrace that is the site of the Tall Trees Grove in Redwood Park.
Downstream, the mainstem makes its final westward bend toward the ocean
through the estuary subbasin.

The abundance of debris slides along the relatively straight reach may be related
to a zone of weak, sheared rocks close to the Grogan fault zone. Another cause
may be elevated groundwater levels related to lowered evapotranspiration and
canopy interception after extensive harvest operations on either side of the
Redwood Creek channel immediately prior to this part of the watershed being
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incorporated into the Park. The higher groundwater may have combined with
flooding during the 1975 storm season to lower slope stability locally and trigger
debris slides.

The northeast-facing slope of Bridge Creek ridge above this section of channel
stands out strikingly from the rest of the basin as it is relatively uniform and has
few large landslides. The upper Bridge Creek channel may be structurally
controlled because it closely follows the Bridge Creek Lineament, an aerial
photograph lineament that extends south to Panther Creek in the middle
subbasin.

Disturbance in this subbasin also appears to have been particularly intense in the
years immediately prior to Park expansion in 1978 (see CDF Appendix report).
Timber harvesting methods tended toward clear cuts. Watercourse crossings
were often poorly constructed and typically did not have backup drainage
structures to prevent runoff diversion in case a culvert plugged. Roads were often
on marginally stable ground. Un-engineered side cast roadway fills were often
susceptible to failure during foul weather and delivered large amounts of
sediment into the system when they failed. The subbasin once contained a high
density of roads according to the files of RNSP. Now, road density in lower
Redwood Creek is much less than in upstream areas because of the Park’s
extensive program of road removal.

Previous studies have shown that over decades, the channel in the lower part of
the basin filled with storm sediment from storms in 1955, 1964, 1972 and 1975.
Channel-bed elevations increased (Madej and Ozaki, 1996) and the capacity of
the channel to convey peak flows was reduced. The channel tended to adjust its
width to accommodate flood peaks by eroding its banks (Janda and others,
1975). As the locus of deposition of sediment shifted downstream between 1974
and 1981, streambanks started eroding along the lower reach (Nolan and
Marron, 1995) and streamside redwoods were undermined.

The Tall Trees Grove, now part of Redwood National and State Parks, was
adversely affected as was the adjacent channel of Redwood Creek. Aerial and
ground photographs, channel cross sections and interviews with lumber
company workers employed during the 1940’s through the 1970’s (Milestone,
J.F, Redwood National Park, written communication, 1979) all indicate that the
channel bed near the grove aggraded about 5 feet after the 1955 flood. Though
the channel did not widen noticeably (Nolan and Marron, 1995; Madej and Ozaki,
1996), stream banks eroded enough to endanger old-growth redwood trees. In
1979, staff of Redwood National Park mapped five redwoods with roots exposed
by bank erosion and four recently fallen redwoods in the Tall Trees Grove
(Milestone, J.F, Redwood National Park, written communication, 1979).

The USGS established cross sections in Redwood Creek in the 1970’s to monitor
in-channel sediment. Geologists from RNSP continue to monitor some of these
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sections. Park data from the thirty or so cross sections in lower Redwood Creek
show changes in the channel at various times in various reaches of the
mainstem.

The channel has aggraded (the level of the channel bed has raised in elevation)
and/or degraded (lowered its bed level through scour and transport of sediment)
generally across the entire active channel width. The thalweg and adjacent low
unvegetated bars are all affected by the rise and fall of the surface of the channel
bed.

Madej and Ozaki (1996) described the channel of Redwood Creek in the lower
basin, dividing it into four reaches that showed four patterns of channel response
(degrading, transitional, aggrading and “no trend”). They described an uppermost
degrading part of the lower subbasin, which begins just below Panther Creek and
contains 14 cross sections. In this uppermost reach, bankfull widths range from
92 to 420 ft and channel gradient is typically 0.3%. Within this reach is the
beginning of the wide alluvial channel of Redwood Creek, where channel
gradient decreases abruptly from 1.4% to 0.3% and channel width increases
from 100 ft to 160 ft.. The channel aggraded more than 3 feet after the 1975 flood
and it degraded after 1980 to levels so the surface was below that of 1974.

Downstream is the next reach referred to as transitional and containing 6 cross
sections. In this reach, bankfull widths are up to 500 ft and channel gradient is
0.2%. The channel fluctuated between aggradation and degradation following the
storms in the early 1970’s. Although the reach showed net degradation, it had not
reached the levels of 1974.

Further downstream is the third reach, which includes the next ten cross
sections, where the channel aggraded during the entire period of cross section
measurement described by Madej and Ozaki (1996). Bankfull width was 200-375
ft and channel gradient was reported as 0.2%. This area aggraded from 1964 to
the early 1970’s according to air photos and cross section measurements
showed continued aggradation from 1973 to 1994.

Downstream from cross section 5 to the Orick gauge, the river has fluctuated
between aggradation and degradation due to the increase in width of the alluvial
valley, construction of levees and gravel extraction (Madej and Ozaki, 1996). As
previously noted, excessive channel width may be related to elevated sediment
and/or underlying geologic units.

NCWAP analyses indicate that streams in the lower part of Redwood Creek
basin consists of 15% response, 41% transport and 44% source reaches (Table
FT5). Source reaches dominate the tributaries.

We used relatively small-scale air photos to gravel bars, widened channels and
terraces in the lower part of the Redwood Creek waterhshed as shown in Figures
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F31-F37. The terrace at the base of Tall Trees Grove has a carbon age of 3,580
+/- 70 years BP (Madej, 2002, written communication) (Figure F33). On the
hillslope above the Tall Trees Grove, remnants of older, uplifted gravel terraces
can be observed along the trail from the parking area down to the grove.

Our fluvial mapping showed an increase in stream disturbance in McArthur Creek
planning watershed and a decrease in the rest of the lower subbasin between
1984 and 2000 (Figures F20-F22). We noted an increase in active streamside
landslides in McArthur and Bond Creeks, no change in Bridge Creek and a
decrease elsewhere in the lower subbasin (Figure F25).

Department of Fish and Game (DFG) staff measured cross sections during 2001
in tributaries and the mainstem of Redwood Creek. We compared channel
parameters with those predicted by Rosgen and Kurz (2000, written
communication) for North Coast streams. Several spots along the lower
mainstem of Redwood Creek do not fit predictions based on either the regional
curve or other data from Redwood Creek. In a couple of spots, the channel is
excessively wide with respect to its drainage area. DFG/NCWAP crews noticed
the excessive width of the channel in these places and recorded the observation
in their field notes. These locations are along the mainstem of Redwood Creek
near the confluences with Tom McDonald Creek (392 ft wide) and Bond Creek
(308 ft wide). A cross section, measured along the mainstem about a mile below
Elam Creek also showed channel dimensions that do not fit predictions from the
regional curve.

NCWAP staff created EMDS analyses for geomorphic features suggesting
elevated sediment in the lower part of Redwood Creek from air photos taken in
the year 2000 The lower part of the mainstem contained the most elevated
sediment where it passes through the planning watersheds of Bridge, Bond and
McArthur Creeks. The upper part of the mainstem that passes through Copper
Creek appeared to be in better condition and contained less elevated sediment,
scoring medium-to-good in the EMDS runs. Tributary data were run separately in
EMDS: Bridge and Bond Creeks appear to contain relatively more elevated
stored sediment than Copper and McArthur Creeks.

We compared the number of small active streamside landslides in lower
Redwood Creek, without regard to slide sizes and volumes in 1984 and 2000
(Figure F25). Bond Creek showed an increase in number of small active
landslides; Copper Creek showed a decrease, while MacArthur Creek did not
change. Bridge Creek contained the lowest density of small active landslides per
acre or per unit length of stream. If the number of active landslides were a simple
predictor of future sediment storage in the channel, then Bond Creek would
probably gain sediment in storage as a result of the landslides in 2000. Data are
from studies by CGS and RNSP. Features are scattered away from blue-line
streams because landslides occur along drainages that are not shown as blue
lines on USGS topographic maps, as well as along the larger drainages.
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Below is more detailed information about the channel conditions in individual
planning watersheds in the lower subbasin (Figure F42 and Table FT11). The
planning watershed boundaries do not necessarily coincide with natural
subdivisions of the watershed. The general trend between photo years 1984 and
2000 was for stream disturbance to decrease or disappear entirely in tributaries
and become confined to the mainstem of Redwood Creek, as well as to the main
channels of larger tributaries such as Lacks Creek.

Some planning watersheds straddle Redwood Creek, meaning that they include
tributaries that enter the mainstem from the east and the west. It is important to
discuss these areas by tributary, because a planning watershed may appear to
improve or deteriorate between photo years 1984 and 2000, due to local
circumstances in one tributary. Figure F 42 a-u shows the change in the
distribution of stream disturbance in each tributary in photo years 1984 and 2000.
Generally, stream disturbance features became more concentrated in the main
tributary channel and in the mainstem of Redwood Creek.

The following descriptions were taken from ArcView shapefiles. One of these is a
‘line” file that approximates the blue-line streams of U.S. Geological Survey
topographic maps. The stream-network data resemble what would be found on
the printed maps, but may not be identical to the blue-line streams on the
topographic maps. The length of each stream-disturbance feature was measured
individually, and these lengths were summed for each tributary and planning
watershed. All length measurements are precise due to the nature of computer
calculations, but the measurements are not necessarily accurate at this scale of
watershed assessment.

McArthur Creek

McArthur Creek planning watershed is 6,814 acres and it contains 14.4 miles of
blue-line streams, including 2.7 miles of Redwood Creek. There are eight blue-
line tributary segments, six of which drain directly into Redwood Creek, including
Hayes, and two that drain into McArthur, and Elam Creeks.

CGS found an increase in stream disturbance between photo years 1984 and
2000, from 2.2 mi to 3.9 mi in total length. Much of the increase was in the
mainstem of Redwood Creek. In 1984, the mainstem had 10 mapped lateral bars
and a mid-channel bar; in 2000 there were 18 lateral bars, multiple mid-channel
bars, and a tributary fan. Also, in 2000, a wide channel reach was mapped in
lowermost McArthur Creek, as well as in an unnamed tributary south of Hayes
Creek. These features were not observed in the earlier photo set of 1984.

Bond Creek
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Bond Creep planning watershed is 8,200 acres and contains about 18.4 miles of
blue-line streams, including 4.6 miles of Redwood Creek. There are 12 blue-line
segments of tributary, including nine that drain directly into Redwood Creek and
two that drain into other tributaries. Tributaries include Oscar Larson, Cloquet,
Bond, Miller, Forty-four, and Cole Creeks.

Mapped stream disturbance decreased from 7.7 miles to 2.7 miles in total length.
Elevated sediment was transported out of four tributaries, and what remained
became focused farther downstream in the mainstem of Redwood Creek and in
lowermost Fortyfour Creek.

In 1984, widened channels were mapped in all but two of the named tributaries
and in an unnamed tributary on the east side of the mainstem, while Redwood
Creek contained 25 mappable lateral bars. Stream disturbance was visible in
about 42% of the blue-line channel length in 1984. In 2000, stream disturbance
was confined to a widened reach in lowermost Forty-four Creek and 24 lateral
and mid-channel bars in Redwood Creek, which represented 14.5% of the blue-
line stream length in the planning watershed.

Bridge Creek

Bridge Creek planning watershed contains the Tall Trees Grove in Redwood
National and State Parks. The planning watershed consists of 15,056 acres and
contains about 45 miles of blue-line stream, including more than 3 miles of
Redwood Creek. There are 37 blue-line segments of tributary, including five
tributaries that drain directly into Redwood Creek. The others drain into other
tributaries in the large Bridge Creek watershed and into Tom McDonald and
Emerald (Harry Wier) Creeks.

Stream disturbance decreased by nearly 50% from photo year 1984 to photo
year 2000. Elevated sediment appears to have been transported out of two
tributaries, and it became focused in only Redwood Creek and Bridge Creek. In
1984, there were about 8.4 miles of stream disturbance including 26 reaches of
widened channels in Tom McDonald, Emerald and Bridge Creeks, as well as 24
lateral, mid-channel and transverse bars and an eroding bank visible on the 1984
air photos. In 2000, there were 4.4 miles of visible stream disturbance consisting
of wide channels observed in middle to lower Bridge Creek and in a tributary to
Bridge Creek, as well as 20 lateral bars in the mainstem of Redwood Creek.

Copper Creek

The Copper Creek planning watershed consists of 10,028 acres and 32.7 miles
of blue-line streams, including 6.3 miles of Redwood Creek. In this reach, the
mainstem is relatively long and straight. There are 32 tributary line segments in
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the planning watershed, including Dolason, G, Airstrip, Slide, Maneza, Copper,
Lyons and EIf Creeks. Nineteen of these blue-line stream segments are relatively
straight tributaries that drain directly into Redwood Creek. The other stream
segments drain into other tributaries such as Copper Creek, which is the largest
tributary in the planning watershed.

Stream disturbance decreased from 8.3 miles to 2.5 miles in total length between
photo years 1984 and 2000. Elevated sediment was transported out of Slide and
Maneza Creeks, and what disturbance remained was in Copper and Redwood
Creeks. In 1984, Redwood Creek contained 50 lateral and mid-channel bars and
eroding banks. The mainstem was nearly full of stream disturbance along its
entire length. In 2000, Redwood Creek mainstem contained 36 features including
lateral and mid-channel bars, eroding banks, a point bar enlarge by sediment
from a tributary, and a widened channel reach.

Devils Creek

The Devils Creek planning watershed is 4,407 acres and it contains 11.8 miles of
blue-line streams. Redwood Creek is not in this planning watershed because the
boundary is upstream from the confluence. There are eight tributary stream
segments, and all but one drain directly into Devils Creek.

Stream disturbance disappeared between photo years 1984 and 2000. In 1984
there was 0.28 mile of wide channel in the lowermost part of the tributary, and in
2000 this was not visible.

Middle Redwood Creek Subbasin

The middle subbasin is shown in Figure G18. The complexity of the bedrock
structure and mass wasting increases in this part of the watershed. Large
“earthflow amphitheaters” are common along the eastern part of the watershed
near and south of, Coyote Creek (Figure G5). Earthflow amphitheaters are
common in the incoherent unit of Coyote Creek (KJfc) and dominate the
topography of this part of the basin. They appear to have been formed over many
thousands of years by multiple generations of overlapping earthflow scars. These
features typically contain active earthflow complexes and areas of disrupted
ground.

In the middle reach of Redwood Creek, the channel widens into Redwood Valley
( Figure G20). Earthflows are dominant on the hillslopes. Along the channel, low-
lying 5-m high alluvial terraces predominate. The channel of Redwood Creek is
wide and its gradient is 0.45 %, with the exception of the meanders. The
meanders of Redwood Creek are deeply incised into Pleistocene terraces. In this
narrow valley area, the channel is rocky; it has a 0.35% gradient and a few
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terraces. Timber harvest was less severe than in the upper subbasin. However,
grazing, residential development and road construction predominate. Between
1948 and 1978, 92% of the middle subbasin was tractor and cable logged. A
gauging station upstream from Panther Creek drains 164 square miles (424 km

sq.)

The south Lacks Creek facies underlies steep terrain of the southwest facing
slopes above Lacks Creek ( Figure G4). Mass wasting appears to occur mostly
on steep debris slide slopes, although occasional rotational landslides have also
been identified in this unit.

The typical modes of mass wasting west of the Grogan fault zone are large
rotational landslides and debris slides. The rotational landslides are typically
subdued and appear to be very old (possibly thousands of years), although some
smaller active bedrock slides are present within these areas. The middle area of
the Redwood Creek schist (KJfr) near “The Meanders” in the mainstem of
Redwood Creek has several broad, shallow amphitheaters containing numerous,
small watercourses in fan shaped arrays (Figure G6). These amphitheaters may
be the eroding floors of fully evacuated ancient landslides.

The Middle portion of Redwood Creek closely follows the Grogan fault zone from
Highway 299 to Beaver Creek. The channel widens significantly within this long,
relatively straight, fault-bounded reach immediately below the mouth of Minor
Creek forming Redwood Valley (Figure G20). In the wide reach, stream bars and
terraces are more abundant and voluminous than upstream. Sediment storage
predominates here; streamside landslides are less frequent. The source of such
a large, flat-floored valley in an otherwise narrow drainage system is not fully
understood and we present two hypotheses related to its formation. The valley
may be 1) a pull-apart basin along the trace of the Grogan fault zone, or 2) an
area of ancient, ponded sediment left over from an episode of channel blockage.
The location of the blockage, if it existed, is unclear.

A series of large, faceted spur-ridges occurs on the west side of the watershed
above this section of the channel. These appear as a series of large triangular
slope faces extending approximately 3,000-4,000 feet upslope of the channel (
Figure G20). These slope faces may represent remnants of older “original”
topography (ancient canyon wall) or be largely a series of old mass wasting
features (as mapped by the authors). Correspondingly large “facets” are not
present on the east side of the channel and this may be due to the relative
weakness and erodibility of the incoherent unit of Coyote Creek underlying this
section of the drainage.

The mainstem narrows and swings sharply to the west of the Grogan fault zone
within the Redwood Creek schist downstream in “the Meanders” and near
Roaring Gulch (Figures G6 and G20). The tight meanders are not typical of this
relatively steep coastal mountain stream and may be remnants of earlier, gentler
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(antecedent) valley topography west of the fault. The meanders of Redwood
Creek are deeply incised into Pleistocene terraces (Madej, 1995). Inner gorge
debris slides are rare along this section of channel suggesting that the underlying
bedrock is relative stable and resistant. This may represent a compositional
change or a discrete, relatively intact tectonic block of unknown composition in
the Redwood Creek schist. Downstream, beyond “the Meanders,” streamside
landslides are once again abundant near the mouths of Panther and Coyote
Creeks. Here again, the mainstem veers westward into the Redwood Creek
schist and away from the Grogan fault zone.

A pair of cross-faults occurs immediately south of Minor Creek. They appear to
be younger than the Grogan fault because they are mapped as offsetting it
(Harden and others, 1982) in a right-lateral sense (objects on the opposite side of
the fault from the viewer appear to move to the right). However, the Grogan fault
zone appears to dip to the east in this part of the watershed based on its outcrop
pattern, therefore we infer the sense of throw on these faults to be down-to-the-
south.

Rocks associated with the sandstone and mélange unit of Snow Camp Mountain
(KJfs) first appear along the extreme west margin of the watershed in this area.

The middle part of the basin includes areas of timber harvest, livestock ranching
and is traversed by many miles of roads and skid trails. The east side of the
basin is partly underlain by the incoherent unit of Coyote Creek, which appears to
be more susceptible to erosion than the other neighboring geologic units.

Madej and Ozaki (1996) evaluated and described the mainstem channel in the
middle part of Redwood Creek basin. Eleven USGS/Park cross sections are in
this reach. In the upper, wider portion of the middle basin, bankfull widths are 75-
416 ft and floodplain widths are as high as 660 ft. In the downstream portion of
the middle basin, bankfull widths are significantly narrower (80—115 ft) and the
floodplain generally is less than 165 ft wide. Channel gradient at both ends of the
middle basin is a low 0.4%, with a steeper portion in between. After the 1964
flood, channel-stored sediment increased by 32% (Madej and Ozaki, 1996); 62%
of these flood deposits were eroded by 1980 (Madej, 1984a,b).

NCWAP analyses indicate that source reaches dominate the middle part of
Redwood Creek basin, comprising more than 61% of the stream reaches.
Transport reaches are 33% and response reaches only 6% of the stream
reaches (Table FT5).

CGS mapped gravel stream bars, widened channels and terraces (Figures F38-
F40). Remnants of terraces (not all shown on the geologic map, Plate 1) were
observed hundreds of feet above the channel of Redwood Creek, but these
observations from remote sensing have not been verified with a field study. (In
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the lower subbasin, remnants of gravel deposits can be readily observed along
the trail to the Tall Trees Grove, as mentioned above.)

Observations from aerial photographs of the mouth of Lacks Creek show the
area before logging, after the storm of 1964 and present conditions. In 1948, the
channel contained point bars; in 1965 the channel was filled and widened with
sediment from the 1964 storm and lacked distinct stream bars; in 2000, discrete
stream bars reappeared, though, the channel appears to be wider than it was in
1948.

Our fluvial mapping showed a decrease in stream disturbance (negative stream
features) in all the planning watersheds in the middle subbasin between 1984
and 2000 (Figures F38-F40). We noted an increase in active streamside
landslides in Upper and Lower Lacks Creek, Roaring Gulch and Panther Creek
planning watersheds, no change in Coyote Creek and a decrease in the other
planning watersheds in the middle subbasin (Figure F25).

Some channel reaches studied by DFG/NCWAP during habitat typing showed
bankfull dimensions that were significantly smaller than predictions based on
upstream drainage area (Figures F29a-c). These reaches occurred in Beaver
Creek, where it is classified as an A2 channel at a cross section measured
approximately 2,700 ft above the confluence with Redwood Creek and two
places in Panther Creek, where it is classified as an F4 channel at a cross
section measured approximately 1,500 ft above the confluence with Redwood
Creek and where it is a B4 channel approximately 4,900 ft above the confluence.

The anomalous cross section measured in Beaver Creek is in a steep reach
within the incoherent unit of Coyote Creek next to the Grogan fault zone in an
area of very high landslide potential. The vegetation is too dense to see the
stream. The section is just upstream from what appears to be a grove of old-
growth trees. Further fieldwork would be necessary to evaluate why this cross
section does not fit the regional curves or other data from Redwood Creek
channels

In Panther Creek, two of four cross sections showed channel dimensions that
plotted away from the regional curves. These were the first and third ones at
1,515 ft and at 4,900 ft from the mouth of Panther Creek. Both sections are within
the Redwood Creek schist.

The lowest DFG cross section in Panther Creek lies at and downstream from
several road-related landslides. The section appears to have been measured
directly below a road-related slide originating above the left bank; it also appears
to have been measured downstream 200 ft from multiple road-related landslides
(two on the steeper right bank and one on the left bank, using the “facing
downstream” convention). These observations were made from aerial
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photographs (W.A.C. Corp. Aerial Photograph, April 1, 2000, WAC-00-CA, 4-223,
1:24,000)

The third Panther Creek cross section, 4,900 ft from the mouth, lies below a
road-related landslide on the steep right bank originating from a road that is a
200 ft above the stream. It also lies downstream from what may be multiple
debris slides on the left bank (at least eight possible failures) originating at or
below a road. These last failures were difficult to distinguish on the aerial
photograph.

CDF’s Fire and Resource Assessment Program (FRAP) and NCWAP staff
performed EMDS runs separately for the tributaries to Redwood Creek and the
mainstem of Redwood Creek. Input data were stream disturbance (negative
stream features) from the 2000 air photos (1:24,000). The channel of Lower
Lacks Creek contained the most elevated stored sediment in its channel. The
channels in the Roaring Gulch, Panther and Devils Creek planning watersheds
were in better shape, containing relatively little elevated sediment. The mainstem
of Redwood Creek contained more elevated stored sediment near Toss Up and
Lacks Creeks; it contained the least elevated stored sediment near Panther and
Coyote Creeks.

Below, we describe stream disturbance by planning watershed (Figure F42 and
Table FT11). The planning watershed boundaries do not necessarily coincide
with natural hydrologic subdivisions of the watershed. The general trend between
photo years 1984 and 2000 was for stream disturbance to decrease or disappear
entirely in tributaries and become confined to the mainstem of Redwood Creek,
as well as to the main channels of larger tributaries such as Lacks Creek. Figure
F42a-u shows the change in the distribution of stream disturbance.

Some planning watersheds straddle Redwood Creek, meaning that they include
tributaries that enter the mainstem from the east and the west. It is important to
discuss these areas by tributary, because a planning watershed may appear to
improve or deteriorate between photo years 1984 and 2000, due to local
circumstances in one tributary.

The following descriptions were taken from ArcView shapefiles. One of these is a
‘line” file that approximates the blue-line streams of U.S. Geological Survey
topographic maps. The stream-network data resemble what would be found on
the printed maps, but may not be identical to the blue-line streams on the
topographic maps. The length of each stream-disturbance feature was measured
individually, and these lengths were summed for each tributary and planning
watershed. All length measurements precise due to the nature of computer
calculations, but the measurements are not equally accurate at this scale of
watershed assessment.
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Coyote Creek

The Coyote Creek planning watershed is 7,683 acres and contains about 21
miles of blue-line streams, including about 3.7 miles of the mainstem of Redwood
Creek. There are 17 blue-line tributary segments, four of which drain directly into
Redwood Creek and the rest of which drain into Coyote Creek or its tributaries.

Stream disturbance decreased from about 6 to 0.6 miles between photo years
1984 and 2000, focusing in Redwood and Coyote Creeks in 2000. In 1984,
Coyote Creek contained 22 visible widened reaches and eroding banks,
unnamed tributaries to Redwood Creek contained visible widened reaches, and
Redwood Creek was nearly filled along its entire length with 33 lateral bars. In
2000, Coyote Creek had 2 visible widened channel areas and eight of what
appeared to be eroding banks. Some of the latter may have been the results of
road removal, however, and Coyote Creek may be in the process of improving
more than was indicated by air photos at a scale of 1:24,000. In 2000, Redwood
Creek contained three lateral bars and appears to have flushed elevated
sediment from 1984, having lost most of its lateral bars.

Panther Creek

The Panther Creek planning watershed is 9,751 acreas and contains about 26
miles of blue-line streams, including 3.3 miles of the mainstem of Redwood
Creek. There are 25 tributary stream segments, including Panther, Garrett,
Johnson Prairie, Monroe Flat, and George Creeks. Seven tributaries drain
directly into Redwood Creek, and the others drain into other tributaries, mostly
into Panther and Garrett Creeks.

Stream disturbance decreased from 1.97 miles to 0.25 mile between photo years
1984 and 2000, and was confined to the mainstem of Redwood Creek in 2000. In
1984, widened reaches were observed in Johnson Prairie, Garrett, and Monroe
Flat Creeks, and Redwood Creek contained 1.2 miles of stream-disturbance
features, including 22 lateral bars and eroding banks. In 2000, elevated sediment
was not observed in any tributaries in this planning watershed, and Redwood
Creek contained only six visible lateral bars having a total length of 0.25 mile.

Roaring Gulch

The Roaring Gulch planning watershed is 8,911 acres and contains about 30
miles of blue-line stream segments, including 7 miles of Redwood Creek. The
meanders occur within this planning watershed, so the length of Redwood Creek
is longer than in other planning watersheds. There are 24 tributary segments of
blue-line stream including Stover, Dolly Varden, Lee, Roaring Gulch, Garcia,
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Cashmere, and Beaver Creeks. Eleven tributaries drain directly into Redwood
Creek while the rest drain into the larger tributaries.

Stream disturbance decreased from 3.6 to 1.7 miles in total length between
photo years 1984 and 2000, and was confined to the mainstem of Redwood
Creek in photo year 2000. In 1984, Beaver Creek contained about two miles of
widened channel, and Redwood Creek contained about 1.56 miles of stream
disturbance in 21 features. These features were mostly lateral bars plus a few
mid-channel bars and eroding banks. In photo year 2000, Redwood Creek
contained more stream disturbance than in 1984: 1.71 miles of 26 lateral bars.
Beaver Creek seems to have improved by 2000 and showed no stream
disturbance at the scale studied.

Lower Lacks Creek

Lower Lacks Creek planning watershed consists of 5,939 acres and contains
about 21 miles of blue-line stream segments, including about four miles of Lacks
Creek and none of Redwood Creek. There are 19 tributary line segments.
Stream disturbance decreased considerably between photo years 1984 and
2000, from 3.5 miles to 1.4 miles of features, and shifted from the steep
tributaries to the main channel of lower Lacks Creek. In 1984, the tributaries to
lower Lacks Creek contained 12 widened reaches and two eroding banks; 9 of
the widened reaches were in tributaries to lower Lacks Creek, predominantly on
the southwest side of the drainage. In 2000, there was one long reach of
widened channel in the middle part of the lower part of Lacks Creek.

Upper Lacks Creek

Upper Lacks Creek planning watershed is 5,079 acres and contains 16 miles of
blue-line streams, including about 4 miles of the main channel of Lacks Creek.
There are 15 tributary line segments. Stream disturbance decreased in length
from 1.7miles to 0.6 mile between photo years 1984 and 2000. In 1984, there
were seven widened reaches mapped in very steep parts of the planning
waterhsed, and in 2000, there was a widened reach and an eroding bank.

Toss-up Creek

The Toss-up Creek planning watershed is 8,739 acres and contains 25 miles of
blue-line stream segments, including 3.3 miles of Redwood Creek. There are 20
tributary line segments, including those representing Pilchuck, Mill, Molasses,
Toss-up, June, Moon, and Wiregrass Creeks. Seven tributaries drain directly into
the mainstem of Redwood Creek.
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Stream disturbance decreased greatly in this planning watershed between photo
years 1984 and 2000, from 17 miles to 6.75 miles of stream-disturbance related
features, because the tributaries on the east side of the planning watershed
improved. However, the mainstem of Redwood Creek gained lateral bars, having
about 10 in 1984 and 18 lateral bars in photo year 2000.

In 1984, stream disturbance appeared in seven tributaries, almost entirely on the
east side of Redwood Creek, and in the mainstem of Redwood Creek. Widened
channel reaches were mapped in Mill, Molasses, June, Moon, and Wiregrass
Creeks and in an unnamed tributary on the east side of Redwood Creek.
Molasses Creek was disturbed for a long distance in its main channel, all the way
down to the confluence with Redwood Creek. Moon Creek had a long widened
reach as well. The mainstem of Redwood Creek contained 10 lateral bars and
eroding banks.

In 2000, stream-disturbance was mapped in two tributaries on the west side of
Redwood Creek, in the Redwood Creek schist. Toss-up Creek contained two
widened reaches in its main channel and Pilchuck Creek contained a long
widened area in a tributary. Stream disturbance was entirely gone from
tributaries on the east side of the planning watershed.

Minor Creek

Minor Creek has 9,965 acres and contains 25 miles of blue-line tributary,
including Minor Creek and its tributaries plus Lion or Loin Creek, and 1.7 mile of
Redwood Creek. There are 15 blue-line tributaries to Minor Creek, which enters
Redwood Creek from the east. The other tributary to Redwood Creek enters from
the west side.

Stream disturbance disappeared from Minor Creek between photo years 1984
and 2000, and decreased in the mainstem of Redwood Creek. In 1984, the
tributary of Minor Creek, on the east side of Redwood Creek, contained 70
different mapped features indicating stream disturbance. These were mostly
widened reaches, but a few were lateral bars and an eroding bank or two. The
mainstem of Redwood Creek contained seven mappable lateral bars and three
eroding banks. In photo year 2000, the mainstem of Redwood Creek contained
six lateral bars.

Lupton Creek

Lupton Creek planning watershed contains 8,055 acreas and 18.5 miles of blue-
line stream segments. The blue-line stream network includes about 2.8 miles of
Redwood Creek. The 13 tributary line segments include Santa Fe, Greenpoint,
Sweathouse, Captain, and Lupton Creeks.
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Stream disturbance decreased mostly in the tributaries, between photo years
1984 and 2000, from 6.9 miles to 1 mile. In 1984, three of the tributaries to
Redwood Creek contained widened reaches, Sweathouse, Captain, and Lupton
Creeks. Captain Creek was nearly entirely a widened reach along its length,
almost to its confluence. Sweathouse Creek also was almost all widened
reaches, but the area above the confluence was not widened. Perhaps these
creeks contained debris jams at the lower ends of the widened reaches. These
were not observed on the photos. The mainstem of Redwood Creek contained
15 mappable stream-disturbance features, mostly lateral bars, but a few eroding
banks. In photo year 2000, Redwood Creek contained only six lateral bars, and
had greatly improved in the number of features indicating elevated sediment.
Pilchuck Creek contained only two short widened reaches in photo year 2000,
whereas it contained seven reaches of widened channel in photo year 1984.

Upper Redwood Creek Subbasin

The upper subbasin begins immediately south of Captain Creek (Figure G19).
The channel of Captain Creek closely follows a mapped cross-fault on the east
side of the drainage. Grogan fault zone (KJfg), south Lacks Creek facies (KJfl)
and incoherent unit of Coyote Creek (KJfc) rocks are offset along this fault. The
cross fault continues southwest into the Redwood Creek schist, but is not
mapped as offsetting the Redwood Creek schist’s western contact with the
sandstone and meélange of Snow Camp Mountain (KJfsc) (Plate 1, Sheet 3).

The upper subbasin exposes rocks of the Eastern Belt of the Franciscan
Complex including the Redwood Creek schist on the west side of the watershed
and the incoherent unit of Coyote Creek as well as the coherent unit of Lacks
Creek and the South Fork Mountain Schist on the east side of the watershed.
Metamorphosed sandstone and mudstone of the Grogan fault zone crop out
along the mainstem of Redwood Creek along the center of the watershed from
south-southeast to north-northwest. Exposures of the sandstone and mélange
unit of Snow Camp Mountain (Central Belt of the Franciscan Complex) occur in
the uppermost part of the watershed. The Snow Camp Mountain unit is the only
official Central Belt Franciscan terrane in Redwood Creek.

The sandstone and mélange unit of Snow Camp Mountain consists of bodies of
intact sandstone intermixed with a pervasively sheared shale-rich mélange
containing blocks of metagraywacke, metachert, volcanic breccia, metabasalt,
metatuff, metavolcanic rocks, greenstone and glaucophane-lawsonite blueschist.
Based on CGS aerial photograph interpretation and mapping, this material
appears to behave in a similar manner mechanically as the incoherent unit of
Coyote Creek. Active earthflows are the main modes of mass wasting. Well-
developed gully networks are common within the more active earthflow areas
and are considered significant sediment sources because they are directly
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connected to the drainage system. The geomorphology is varied with steep
slopes forming in areas underlain by relatively competent sandstone and more
subdued hummocky terrain in areas underlain by mélange. Earthflows are the
dominant mode of mass wasting. A large earthflow complex in this unit
dominates the headwaters of Redwood Creek and appears to have deflected the
channel eastward several hundred feet.

The South Fork Mountain Schist is dark gray to green quartz-albite-muscovite-
chlorite schist. The surface expression is geomorphically variable. It has a well-
developed foliation (platy texture), is fine-grained and typically has quartz veins
oriented parallel to the foliation based on our field examination of hand
specimens and outcrop exposures. The dominant modes of mass wasting in this
unit appear to be large, dormant landslide complexes, active earthflows and large
rotational landslides. Most of these large features appear to be dormant at this
time. Other modes of mass wasting in this unit account for less than 1% of the
total within the unit.

The upper reach of Redwood Creek is relatively steep and bouldery. The valley
is narrow with evidence of past streamside landslides. The upper subbasin
contains the remains of extensive gravel berms from the 1964 flood. Many debris
jams blocked the upper channel in the 1980’s, during Madej’s study. The forest
on surrounding slopes is predominantly Douglas fir. About 80% of this subbasin
was tractor logged between 1948 and 1978. The downstream end of Madej's
upper basin was at a USGS stream gauge near Highway 299. Drainage area
was measured at 68 square miles (175 km sq.).

The upper mainstem of Redwood Creek lies within a narrow channel that follows
the trace of the Grogan fault zone. Abundant streamside landslides flank the
narrow mainstem channel and inner gorge. This portion of the watershed has
been noted for its high level of landslide activity after the major storms and
extensive land-use in the 1960’s and 1970’s (Harden and others, 1995).
Streamside timber harvesting was most intense during the late 1950’s to mid
1960’s and precipitation was also the greatest here during the 1964 storm
(Harden and others, 1995). Our aerial photograph evaluation of this part of the
watershed shows a continued high level of landslide activity.

The storms of the winters of 1995-1996 and 1996-1997 were intense locally and
reportedly exceeded 1964 levels (P. Cafferata, personal communication, 1997).
Several storms in the winter of 1996 involved rain-on-snow events with
associated high runoff in the higher portions of the watershed. Many pre-existing
(prior to 1993) inner gorge debris slides and earthflows appeared to have
reactivated during this period and shed large amounts of sediment directly into
the watercourses below. Numerous tributaries to Mad River 15 to 20 miles south-
southeast of the map area were heavily affected by similar high flows during the
same events (J.N. Falls, field observations). In the Lamb Creek drainage
northeast of the Mad River Ranger Station, for example, boulders 4 to 6 ft in
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diameter were moved through the system and deposited in the lower reaches of
the creek near its confluence with Mad River.

The Grogan fault zone is nearly % of a mile wide near Highway 299 where it
appears to be cut and offset approximately (2 mile to the west by a cross-fault.
The cross-fault also appears to control the orientation of Captain Creek east of
the fault ( Plate 1, Sheet 3). The Redwood Creek channel exhibits a series of
northwest and southwest oriented zigzag bends that may be structurally
controlled by bedrock joints and fracture sets from this point south approximately
47> miles.

Murphy Meadow is a large, gently east-sloping ridge-top basin straddling the
western boundary of the drainage. A fault separating the sandstone and mélange
unit of Snow Camp Mountain (KJfs) from the Redwood Creek schist (KJfr)
bounds the basin on the northwest and the Snow Camp Mountain lineaments (a
parallel pair of prominent aerial photograph lineaments) bound the southwest and
northeast sides of the basin (Plate 1, Sheet 3).

Given the right-lateral sense of movement on a majority of the faults along this
part of North America and the associated seismicity, this feature could be a fault-
bounded pull-apart basin or sackung-related (Figures G9a-b). Prior field
reconnaissance by CGS personnel during timber harvest plan evaluations and
focused sub-watershed mapping exercises in the area identified numerous ridge-
top depressions and marshy areas along this part of Snow Camp Ridge. Many of
these features appear to be associated with the Snow Camp Mountain
lineaments. Local ranchers have modified many of these features for use as
stock ponds. No research appears to have been done regarding the origin of
these features. Their exact cause is unknown at this time.

The cross-faulting and aerial photograph lineaments appear to continue south to
the head of Redwood Creek where they culminate in the north-northwest
trending Snow Camp Creek fault zone (which truncates and offsets the Redwood
Creek schist (KJfr) against the sandstone and mélange unit of Snow Camp
Mountain (KJfs) to the south). The Grogan fault zone does not appear to be
offset by the Snow Camp fault zone and is mapped by Harden and others (1982)
as continuing southeastward, partially obscured by the toe of a ¥4 mile wide, 2-
mile long old earthflow complex. The source of this earthflow appears to be what
is now a deeply eroded, broad amphitheater immediately uphill to the southwest
between Twin Lakes Creek and the Redwood Creek mainstem (Figure G21 and
Plate 1, Sheet 3). The major modes of mass wasting in the upper subbasin are
typically earthflows and near-channel debris slides.

Madej and Ozaki (1996) described the channel of Redwood Creek in the upper

part of the basin, where 13 USGS/NPS cross sections are located. Bankfull
widths range from 40 to 275 ft wide and stream gradients 12 to 0.6%.
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NCWAP analyses show that the upper part of the basin contains nearly equal
proportions of source (47%) and transport reaches (48%), whereas response
reaches are less than 5% (Table FT5). We mapped stream bars and widened
channels in the upper subbasin (Figure F37).

Our fluvial mapping showed an increase in stream disturbance (negative stream
features) in Twin Lakes, Noisy Creek and High Prairie Creek planning
watersheds between 1984 and 2000 (Figures F25 and F41). We noticed a
decrease in stream disturbance in the rest of the upper subbasin. We noted an
increase in active streamside landslides in all planning watersheds, except Windy
Creek (Figure F25). This corresponds with the time in the early to middle 1990’s
when the upper subbasin began to contribute more suspended sediment, as
measured at the O’Kane gauging station near Highway 299.

This reach was the most affected in the watershed by the 1964 flood. The 1964
flood introduced large volumes of sediment into the upper part of Redwood
Creek (Janda and others, 1975). Cut logs were washed into the mainstem
channel (Kelsey and others, 1981) and formed extensive jams that trapped
sediment to depths of about 30 feet locally. In-channel sediment increased by
90% after the flood (Madej and Ozaki, 1996). More than 600 streamside
landslides delivered sediment directly into Redwood Creek (Kelsey and others,
1981). Channel-bed elevations increased (Madej and Ozaki, 1996), the capacity
of the channel to convey peak flows was reduced and the channel adjusted its
width to accommodate flood peaks by eroding its banks (Janda and others,
1975). The mainstem channel doubled its width between 1947 and 1974 (Nolan
and Marron, 1995) in the middle and upper parts of Redwood Creek.

We reviewed aerial photographs from 1965, 1984 and 2000 for the uppermost
part of the basin. RNSP staff mapped the channel in great detail in 1980 (Kelsey
and others, 1981). By 1984, 20 years after the large flood and a decade after the
floods of 1972 and 1975, half of the 1964 deposits had been washed out of the
mainstem channel. The channel bed has degraded since 1974; bedrock is now
locally exposed in the channel and the 1964 flood deposits have been eroded so
riparian zone trees killed in the flood have been exhumed (Madej and Ozaki,
1996). A few active bars and several larger vegetated bars were apparent in the
uppermost parts of the basin. The large vegetated bars may be remnants from
the waning stages of the flood of 1964.

North of Roddiscroft Road, the channel seems to have returned to normal
proportions after 1980 and conditions were generally similar between 1984 and
2000 (Figure F41). However, as discussed above, between 1984 and 2000,
Snow Camp and Twin Lakes Creeks appear to have become less stable; both
tributary basins showed increases in streamside landslides (Figure F25) and
elevated sediment in channels. Between 1984 and 2000, Redwood Creek south
of Roddiscroft Road appears to have stabilized; fewer active streamside
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landslides were found in the same area. Snow cover in the April 2000 photos
probably obscured some erosional features.

A sequence of aerial photographs at the power line crossing (Figure G19) in the
upper basin shows changes in the mainstem channel. In 1948, the area was un-
entered and roadless. In 1965, the east side of the basin had been heavily
harvested; a large number of logging roads was present on the steep lower east
side-slopes. The mainstem channel of 1965 was filled with active sediment so
that discrete stream bars were not visible. New streamside landslides were
visible that had not existed in 1948. By 1984, clear stream bars had formed. By
2000, revegetation hid some of the road scars. The 2000 channel appears to be
wider, gravel bars appear bigger and canopy is greatly reduced compared to that
in the 1948 photos.

Twin Lakes Creek, High Prairie Creek and Noisy Creek in the upper basin
showed a relative abundance of elevated stored sediment; Lake Prairie Creek
contained relatively less stored sediment in its channels. The mainstem
contained a relatively abundant amount of stored sediment in the area of Twin
Lakes Creek and much less stored sediment downstream in the areas of
Bradford and High Prairie Creeks. Downstream, stored sediment appeared to
have increased along the mainstem of Redwood Creek near Noisy Creek.

Small active debris slides were mapped from the 1984 and 2000 air photos and
their density was coarsely analyzed per acre, total stream length and drainage
density as a function of area in this report (Figure F25). The volumes of these
slides were neither measured nor considered in this preliminary analysis, though
volume of landslides is important as shown by previous studies. Results show
numerous small landslides in Twin Lakes Creek in both 1984 and 2000, but the
number increased in 2000. The same is true of Bradford Creek, though the
overall density of small landslides is less than in Twin Lakes Creek. If the density
of small landslides close to the channels were considered a predictor of future
sediment storage, then elevated sediment might increase in Twin Lakes Creek
(beyond its already high relative amount). Figure F24 shows small active
landslides mapped in the upper part of Redwood Creek at various times.

Below is a description of stream disturbance by planning watershed, where we
present more detailed information about the channel conditions, but at the coarse
scale of assessment (Figure F42 and Table FT11). . The planning watershed
boundaries do not necessarily coincide with natural hydrologic subdivisions of the
watershed. The general trend between photo years 1984 and 2000 was for
stream disturbance to decrease or disappear entirely in tributaries and become
confined to the mainstem of Redwood Creek, as well as to the main channels of
larger tributaries such as Lacks Creek.

Some planning watersheds include tributaries that enter the mainstem from the
east and the west. It is important to discuss these areas by tributary, because a
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planning watershed may appear to improve or deteriorate between photo years
1984 and 2000, due to local circumstances in only one of its tributaries. This was
the case with the Noisy Creek planning watershed in the upper subbasin, which
gained stream disturbance features between photo years 1984 and 2000. The
gain was due solely to conditions on Noisy Creek, on the west side of the
planning watershed. The tributaries on the east side improved, and the mainstem
of Redwood Creek remained about the same.

The following descriptions were taken from ArcView shapefiles. One of these is a
“‘line” file that approximates the blue-line streams of U.S. Geological Survey
topographic maps. The stream-network data resemble what would be found on
the printed maps, but may not be identical to the blue-line streams on the
topographic maps. The length of each stream-disturbance feature was measured
individually, and these lengths were summed for each tributary and planning
watershed. All length measurements are precise due to the nature of computer
calculations, but the measurements are not equally accurate at this scale of
watershed assessment.

Windy Creek

The Windy Creek planning watershed is 4,835 acres and contains 12.8 miles of
blue-line streams, including 3.7 miles of Redwood Creek. There are ten blue-line
tributary segments, eight of which directly enter Redwood Creek and include
Fern Prairie, Negro Joe, Christmas Prairie, Windy and Chicago Creeks.

Stream disturbance decreased from 3 miles to 0.5 miles between photo years
1984 and 2000. In 1984, stream disturbance was distributed in tributaries and in
the mainstem of Redwood Creek. Widened channel reaches were mapped in
Negro Joe, Fern Prairie, Windy and Chicago Creeks. Redwood Creek contained
18 lateral bars and eroding banks within the Windy Creek planning watershed. In
2000, stream disturbance consisted of 12 mappable lateral bars and 3 eroding
left banks, all within the mainstem of Redwood Creek. As in other planning
watersheds, stream disturbance became confined to the mainstem of Redwood
Creek in photo year 2000.

Noisy Creek

The Noisy Creek planning watershed straddles Redwood Creek, has an area of
6,815 acres, and contains 14 miles of blue-line streams, including 3.2 miles of
Redwood Creek. Three tributaries drain directly into Redwood Creek , including
Noisy Creek to the west and Emmy Lou Creek to the east. There are a total of
nine blue-line tributary stream segments in the planning watershed.
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Total stream disturbance for the planning watershed increased between photo
years 1984 and 2000 from 1.3 miles to 3.4 miles. This was due to an increase in
elevated sediment in one tributary, Noisy Creek. In 1984, a small, unnamed,
north-side tributary to Noisy Creek contained a widened reach a mile long. In
photo year 2000, Noisy Creek contained 12 widened reaches that were a total of
more than three miles long in the main channel and some tributaries of Noisy
Creek.

Emmy Lou Creek improved, though it is in a planning watershed that deteriorated
with respect to total length of stream disturbance features. In 1984, Emmy Lou
Creek had a widened reach in the lowermost part near its confluence with
Redwood Creek, and in 2000 that was gone.

Redwood Creek remained about the same with respect to stream disturbance
between photo years, though in a planning watershed that gained in total stream
disturbance. It contained about a quarter mile of stream disturbance, consisting
of 3 lateral bars in 1984 and the same length of stream disturbance, consisting of
2 lateral bars and an eroding bank in photo year 2000.

Cloney Gulch

The Cloney Gulch planning watershed is 5,123 acres and contains 14.2 miles of
blue-line stream, including 3.2 miles of Redwood Creek. Five tributaries enter
Redwood Creek, including Cut-Off Meander, Cold Spring, Six Rivers, and Ayres
Creeks. The total of eight tributary line segments in the planning watershed
include several that drain into larger tributaries.

Stream disturbance decreased from 4.2 miles to 0.63 miles between photo years
1984 and 2000, and the distribution of stream disturbance as tributaries improved
and the mainstem contained the only stream disturbance in photo year 2000. In
1984, there were five widened reaches in Cut-Off Meander Creek, and in two
unnamed tributaries to Redwood Creek. The mainstem contained 24 features,
consisting of lateral bars and eroding banks. In 2000, the only stream
disturbance was found in the form of 12 lateral bars and eroding banks in
Redwood Creek, where stream disturbance remained but only half as much as in
1984.

High Prairie Creek

High Prairie Creek planning watershed is 10,405 acres and it contains nearly 28
miles of blue-line streams including nearly 2 miles of Redwood Creek and four
named tributaries. High Prairie and Lake Prairie Creeks are to the west and
Minon and Simon Creeks to the east of Redwood Creek. There are 12 tributary
line segments, including the named tributaries.
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Total stream disturbance decreased only slightly between photo years 1984 and
2000, from 2.5 to 2.2 miles in total length. However, the change in total stream
disturbance is misleading because it masks worsening of two tributaries. The
stream disturbance in photo year 2000 was due to widened reaches in the lower
parts of High Prairie and Minon Creeks.

In 1984, there were widened reaches in High Prairie, Simon, and Lake Prairie
Creeks. The mainstem of Redwood Creek contained seven eroding banks and
two lateral bars, one bar with an associated streamside landslide. In photo year
2000, stream disturbance was significantly decreased along the mainstem of
Redwood Creek, which contained only two lateral bars. The eroding banks were
vegetated. The tributaries of High Prairie and Minon Creeks, on either side of
Redwood Creek, contained mappable widened channels in the middle to lower
reaches. These tributaries gained sediment between 1984 and 2000, perhaps
during the storm of 1996/1997.

Bradford Creek

The Bradford Creek planning watershed is 7,032 acres and contains nearly 21
miles of blue-line streams, including 1.8 miles of Redwood Creek. There are 13
tributary segments in the planning watershed including Upper Panther, Bradford
and Pardee Creeks. Upper Panther Creek is a tributary to Bradford Creek, on the
east side of Redwood Creek. Pardee Creek is to the west.

Total stream disturbance decreased a great deal between photo years 1984 and
2000 from 4.9 to 0.9 miles, due largely to improvement in Bradford Creek and
also to disappearance of stream disturbance from Redwood Creek.

In 1984, Bradford Creek, on the east side of the mainstem channel, contained six
reaches of widened channel, a total of 2.7 miles long, in the uppermost and
lowermost parts of the tributary. In photo year 2000, there were 8 widened
reaches in the lowermost part of Bradford Creek having a total length of only half
a mile. Upper Panther Creek, the named tributary to Bradford Creek, lost a mile
of stream disturbance between the two photo years.

Pardee Creek, on the west side of the mainstem, remained nearly the same. The
widened reach in the lowermost part of the tributary decreased from 0.46 to 0.38
mile.

Redwood Creek lost 0.73 mile of stream disturbance. In 1984 it contained lateral

bars, eroding banks and a widened reach 0.4 mile long; in photo year 2000 no
stream disturbance was observed in the mainstem of Redwood Creek.
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Twin Lakes Creek

The Twin Lakes Creek planning watershed contains 9,162 acres and nearly 30
miles of blue-line streams, including 7.4 miles of Redwood Creek. The stream
network includes 19 blue-line stream segments, including Debris Torrent, Last
Gasp, Marquette, Timbo, Powerline, Snow Camp, Smokehouse, Twin Lakes, and
Lineament Creeks as well as unnamed tributaries to Redwood Creek. Twelve of
the tributaries enter Redwood Creek directly; Twin Lakes Creek joins Snowcamp
Creek above the confluence with the mainstem.

Total stream disturbance increased between photo years 1984 and 2000, from
7.8 miles to 8.3 miles, and consisted mostly of widened reaches in this planning
watershed. In both photo years, the mainstem of Redwood Creek appeared to be
widened along most of its length. In photo year 2000, Snow Camp and Twin
Lakes Creeks had deteriorated in terms of elevated sediment in the channels.
So, the increase in stream disturbance in the planning watershed was mostly due
to deterioration in Snow Camp, Twin Lakes, and a little in Timbo Creeks. Stream
disturbance in Snow Camp Creek increased from 0.5 mile to 1.7 miles and Twin
Lakes Creek increased from 1.2 mile to 1.64 miles between photo years 1984
and 2000. Timbo Creek gained a widened reach of 0.14 mile in the lowermost
part of the tributary by photo year 2000. Stream disturbance in the mainstem of
Redwood Creek decreased slightly from 5.09 miles in photo year 1984 to 4.72
miles in photo year 2000.

Conclusions

We evaluated mass wasting in all modes of movement as a function of geologic
unit and slope inclination within slides (Figure G10) when the final maps were
completed. It is important to note that the analysis was performed to show only
the typical slope within mapped landslides in most of the units within the
watershed because of time constraints (Figure G10). Geologic units appearing to
have similar characteristics based on aerial photograph interpretation were
grouped together to simplify analysis. The data sets consisted of the mapped
landslides, bedrock geology and the DEM for the watershed. The result was that,
regardless of failure mode, slopes of approximately 19 to 22 degrees (34 to 40%)
are the typical range within mapped landslides (Figure G10). Susceptibility
appears to drop as a function of increasing slope, indicating that slide deposits
became increasingly rare on slopes steeper than about 40%. This phenomenon
most probably occurred because earth materials available for mass wasting had
already slid long ago and/or the old landslide were so modified by erosion that
they were unrecognizable. Slopes beyond 35% in most of the bedrock units were
treated as having the highest probability for failure.
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Slope Stability

The rocks throughout Redwood Creek are relatively weak (Figure G10). Active
landslides are concentrated in the geologic units on the east side of the Grogan
fault. Rocks within the Grogan fault zone appear to be extremely susceptible to
mass wasting (Figure G13). Seventy-eight percent of the recent 2000-vintage
shallow active streamside landslides mapped by our fluvial staff occur within 100
m of larger active or dormant mass-wasting features; 71% of the 1984 landslides
occur within 100 m of the larger features. However, active streamside landslides
do not appear to directly correlate with the larger mass wasting features. In 2000,
only about 50% of the active streamside landslides occur within or immediately
adjacent to the active or dormant hillslope features of mass wasting. In 1984,
only 43% of the active streamside landslides occur completely within the mapped
hillslope features. This suggests that other factors are creating instability of
stream banks. RNSP staff has indicated that additional factors including roads on
lower hillslopes and aggradation of the streambed appear to contribute to the
instability of the stream banks and this hypothesis appears to be reasonable
based on our observations.

The relationship between recent shallow small (represented as points on the
maps) landslides and the surrounding deep seated, dormant landslides has not
been studied in sufficient detail to resolve the amount of instability that is the
result of recent land uses versus the amount that is due to underlying long-term
geologically driven effects.

Roads and Mass Wasting

Roads have been long been identified as major sources of sediment in
watersheds through a combination of surface erosion and mass wasting (Packer
and Christiansen, 1977; Weaver and Hagans, 1994; Best and others, 1995;
Weaver and Popenoe, 1995; USEPA, 1998; Gucinski and others, 2000). We
evaluated the incidence of point landslides (slides too small to map at 1:24,000,
assumed to be less than 150 feet in diameter) relative to their distance from
mapped roads (Figure G22). Point landslides occur within approximately 75 ft of
roads approximately 57% more often than beyond 150 ft. (Figure G22). This is
similar to the results of qualitative road/landslide interaction studies by CGS’s
representatives during timber harvest reviews and quantitative findings by RNSP
and USEPA researchers. The incidence of point landslides is relatively linear
between 75 ft and 300 ft away from mapped roads and may represent the natural
or “background” rate. Further statistical analysis is needed to evaluate this
hypothesis.

Disturbance and Recovery Trends

Temporal trends in sedimentation vary across the watershed. Comparison of
aerial photos taken in 1984 with those taken in 2000 show a significant decrease
in the overall length of fluvial features that indicate elevated sediment
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accumulations in most reaches. Sediment accumulation in transport reaches
decreased by 35% overall in the watershed; the basin-wide rate of transport far
exceeded that of re-supply of sediment. Most of the elevated sediment was in the
lower part of the basin by the year 2000.

Of the “blue-line” streams in the Redwood Creek, 25% are response reaches and
36% are transport reaches. However, numerous landslides affect the transport
and response reaches in the middle and upper parts of the basin. In 1984, 75%
of the excess sediment was mapped in these reaches. In 2000, 95% of the
excess accumulations of in-stream sediment were mapped in transport and
response reaches based on gradient derived from a 10-meter DEM. It appears
that sediment moved downstream from steeper to shallower gradient channel
reaches between 1984 and 2000.

In the upper subbasin of Redwood Creek, there was a new influx of excess
sediment in a few drainages by 2000. Between 1984 and 2000, sediment actually
appeared to have increased in transport reaches and decreased only 14% in
source reaches. The re-supply of sediment in the upper basin exceeded
transport, while in response reaches sediment influx was reduced by 50%. One
might expect the response reaches in the upper basin to experience increased
sediment input in the future as the new influx of sediment moves downstream
from transport reaches.

The trends in distribution of channel sediment described above indicate that
future channel disturbance will likely be most intense near areas of unstable
slopes. It will immediately affect source and transport reaches, which will likely
recover quickly in much of the watershed. The upper part of the basin appears to
be relatively unstable — it shows a great deal of sediment input in combination
with transport out from response reaches.

These spatial correlations between long-term geologically unstable lands (both
shallow and deep seated landslides) and reaches showing geomorphic
characteristics that imply elevated sediment deposition and erosion, suggest that
present day stream disturbances and sedimentation are influenced at least in
part by the adjacent geology and geomorphology and by the lands directly
upstream. The finding that more than 68% of the mapped excess sediment
features in channels are adjacent to deep-seated landslides or debris slide
slopes (within 100 m) suggests that these features may be a significant source of
today’s channel sediment. The fact that only 47% of the active streamside
landslides are actually within these areas is due in part to downstream transport
of sediment, however, it may suggest there are causes in addition to geologically
unstable ground. Human causes of sediment have been extensively discussed
by RNSP in their Watershed Analysis for Redwood Creek (RNSP, 1999).
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Recommendations

These are recommendations only. These are not regulatory, have no force of law
and do not set standards of practice. To be enforceable, these suggestions
would have to be adopted as regulations.

1- Road runoff should drain evenly onto adjacent hillsides, particularly on areas
underlain by erodible earth materials prone to gully development. Drainage
structures should be designed to be resistant to degradation by livestock and
vehicular traffic.

2- All crossings should be evaluated so as to find ways to eliminate stream
diversion potential. It is best to keep storm water in the watercourse it originated
in. It is important to protect crossing fills from erosion when the associated
culverts plug.

3 - The potential for channel disturbance, slope instability and relative recovery
rates should be considered in land-use planning and management. Slopes of 19
to 22° appear to be particularly susceptible to mass wasting depending on the
unit (Figure G10).

4 — We concur with Keller and others (1995). They recommended case-by-case
limited removal of debris jams generated by timber harvest. They recommended
leaving large woody debris in streams in areas of old-growth forest. They pointed
out that it is the distribution rather than the quantity of large organic debris that
determines quality of habitat in a stream.

5 - Culverts should be appropriately sized and regularly maintained (especially
during and immediately after storms).

6 - Larger gullies should be evaluated and mitigated by technically qualified
personnel.

7 - Further field investigations are needed to supplement those conducted by
Redwood National Park in 1980 and should aim to distinguish between impacts
caused by land uses and those due to natural or background sedimentation.
They should establish what portion of sedimentation in the channel comes from
land uses and what percentage from natural sources. The data should be made
widely available.

8 - New studies are needed to determine the range of natural variation in channel
sediment composition that should be expected when derived from various
sources. Redwood National Park addressed such questions in their 1980
sediment budget. They estimated that during large storms, about 42% of the
sediment yield to Redwood Creek came directly from the erosion of roads and
landings. Another 44% of the sediment yield came from mass movement, both
natural and road-induced. About 14% of the sediment yield to Redwood Creek
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came from streambank erosion. Some of this streambank erosion was a
cumulative effect of land use.

8 - A new sediment budget study should be done to update the 1980 sediment
budget. A new study should use 1) output information (Orick gauge with
measured suspended sediment load and extrapolated bedload) since 1980, 2)
mapping from air photos taken after 1980 (CGS has a series of photos already
mapped showing mass wasting and stored sediment), 3) field study to verify
mapped features with spot checks, 4) field study to measure depths and
thickness so as to develop volume data from number 2 above and 5) more
recent, post-1980 data from THP’s, road maps, etc.

9 - Selected cross sections should be measured periodically every 3 years or
after the next major flood event (one having a recurrence interval of 10 years or
more) to assess general trends in the channel. Access in both the upper, mid and
lower basin is getting more difficult due to poor road conditions. Also, less
frequent monitoring will require considerably more time to locate end points and
to clear cross sections of vegetation.

10 - Field based monitoring can help establish transport rates of in-stream
sediment. However, landslides are common throughout the watershed and the
influence of local landslides on sample locations must be considered when
planning, monitoring and interpreting monitoring discharge, sediment and
channel parameters.

11 - Sediment monitoring in the areas of increased landsliding and increased
instream sediment would be useful, especially in the upper basin.

12 - Caution is warranted when selecting in stream sampling locations if the
purpose of the sampling is to measure an “average” watershed condition. A
sampling site in proximity to active landslides may be biased by the influx of local
sediment. A local source of sediment needs a sufficient distance of transport to
allow mixing with the upstream sediments so as to create a watershed average.

13 - Continue to inventory roads in the upper and middle parts of Redwood
Creek basin. Prioritize and implement the treatment of road problems discovered
during the inventory.

14 - Restoration must be focused toward re-establishing natural drainage
patterns that more evenly distribute runoff into natural channels with minimal
gully formation.

15 - Explore amendment of current forest practice rules to require long-term

maintenance of roads and crossings. The presently prescribed maintenance
period is 1 year with incremental annual extensions to a maximum of 3 years
(California Forest Practice Rules, 1999, “Road Maintenance”).
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Geologic and Geomorphic Mapping Methodology

We created maps of the geology and geomorphology related to landsliding for all
USGS 1:24,000-scale topographic quadrangle maps in the Redwood Creek
watershed. Landslides were observed and mapped with a Sokkia MS27 mirror
stereoscope equipped with standard 1.5X magnifying optics and additional 3X
and 8x oculars. All aerial photos were standard format 9-inch by 9-inch, black-
and-white or color, high-gloss and matte finish paper images. At the beginning of
the watershed mapping, Geologists mapped directly on acetate photo pockets
using multicolored, permanent, ultra-fine markers to color-code types of mass
wasting and manually tabulated data using Excel spreadsheets. Interpretations
were compiled on Mylar overlays for later scanning and digital conversion.

Three-quarters of the way through the watershed, data were digitized directly on-
screen and attributed as the mapping progressed once a GIS-based data entry
tool had been developed and tested. Our GIS staff developed the data entry tool
specifically for use by the geologists as a means of speeding up the attribution
process and minimizing the potential for errors during the database entry phase.
Up to 60 factors were available to choose from during the attribution, depending
on the type of feature. Data entry concentrated on landslide type, mode of
movement and various association factors.

Fluvial Geomorphic Mapping Methodology

We created maps of the fluvial geomorphology for all streams in the Redwood
Creek watershed designated by blue lines on published USGS 1:24,000-scale
topographic quadrangle maps. Some additional watercourses were also mapped
if they could be observed at the photo scale. Time-series fluvial geomorphic
mapping conducted for the project provides data to allow for evaluation of
changes in channel geomorphology over the 16-year period of study between
1984 and 2000. Fluvial parameters we mapped at this reconnaissance scale
include channel gradient calculated from a 10-meter Digital Elevation Model
(DEM) and channel type according to the Rosgen classification system (Rosgen,
1996). Channel type is available in the digital database.

A 10-meter DEM was use to evaluate general stream geomorphic characteristics
throughout the entire watershed drainage network. We assumed a minimum
drainage area for a zero-order basin of 10 hectare (about 25 acres) to produce
the DEM-based stream network. Comparison of the DEM stream network with
the USGS topographic and digital orthophoto maps showed that the 10-hectare
(25-acre) minimum area produced the most reasonable representation of the
drainages in Redwood Creek.
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Channel features were observed and mapped with a Sokkia MS27 mirror
stereoscope equipped with standard 1.5X magnification optics and additional 3X
and 8X oculars. The 1984 and 2000 aerial photos (WAC-84C series and WAC-
00-CA series) were standard 9-inch by 9-inch, black-and-white or color, high-
gloss paper images. Mapping with the 1984 and 2000 photos was done on
acetate pocket overlays using multicolored, ultra-fine, permanent markers.
Interpretations were compiled on Mylar overlays. The Mylar was overlain on
transparent composites of the USGS 7-1/2 minute, black-and-white, digital
orthophoto quadrangles (DOQ) geotiff images at 1-meter (3.3 ft) resolution.
These DOQ’s contained 1:24,000 topography contours, hydrography (surface
water map), watershed and hydrologic sub-unit boundaries. Blue-line stream
hydrography was color coded for stream gradient based on percent values
calculated by ArcInfo 8.1 software from a 10-meter (33-foot) resolution digital
elevation model (DEM) provided by CDF’s FRAP program. Six stream slope
categories were plotted to match stream class breaks of the Rosgen
classification system (Rosgen, 1998). Table FT3 lists the Rosgen classes
associated with each of the ranges of channel gradient.

Every fluvial Mylar layer for each quadrangle and interpretation year was digitally
scanned at a resolution of 400 dpi (dots-per-inch) or finer following compilation.
Scanned mylars were then geo-referenced to the UTM-Zone 10, NAD 83
projection so that they could be digitized on the computer screen. Geo-
referenced images were converted to ArcView grid files to allow for the
background to be made transparent. On-screen digitizing was done by each
project geologist or GIS specialists using ArcView 3.2 or Arcinfo 8.1 software.
Digitized features were attributed (the database table, called a *.dbf file) was
filled with information) by the project geologist using ArcView 3.2 software and an
ArcView Avenue extension created by CGS GIS staff specifically for NCWAP
fluvial and landslide data entry. Final digital map products were produced both as
ArcView shape files and ArcInfo coverages.

The design of the databases attached to the stream features layers were
identical except that the planimetric unit field types differed by feature type
(polygon, line or point). The geologist could enter a primary channel
characteristic attribute and as many as three additional secondary attributes for
each mapped stream feature. Stream characteristic attributes were selected from
a checklist of 32 channel features shown in Table FT2. Some of these features
are indicative of channel instability (e.g., eroding banks), sediment storage (e.g.,
mid-channel bars) and other general channel attributes such as presence of
pools or riffles. Channel characteristics were entered in order of importance. The
primary characteristic field was used by the NCWAP Watershed EMDS to identify
whether the feature represented channel instability or elevated sediment storage.
This EMDS operational requirement resulted in the need for an exception to the
rule of placing the most dominant feature in the primary characteristic field
whenever the project geologist felt that the mapped feature should or should not
be counted in EMDS as a stream feature that was detrimental to anadromous
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salmonid habitat. For example, when a large point bar had a small active
landslide feeding it, the landslide was entered in the primary field if it appeared to
still provide sediment to the channel system. A fluvial mapping summary provides
a fluvial photo mapping dictionary description of each mapped stream
characteristic and one or more example images of feature.

Following development of the ArcView shape files, the alluvial layer was used
along with the geology and landslide layers to make maps the maps as follows:
Plate 1, Sheets 1-3, Watershed Mapping Series, Map of Redwood Creek
Watershed, Humboldt County, Geologic and Geomorphic Features Related to
Landsliding and Plate 2, Sheets 1-3, Watershed Mapping Series, Map of
Redwood Creek Watershed, Humboldt County, Relative Landslide Potential with
Geologic and Geomorphic Features. The fluvial layers were analyzed in ArcView
GIS with geology layers to evaluate relationships between landslides and
negative stream characteristics and to estimate changes in channel
characteristics between 1984 and the present. The alluvial contacts overlay was
utilized in both the geology map and the landslide potential map, replacing
previous alluvial contacts taken from the literature. The alluvial contact was
mapped with input from Redwood National and State Parks (RNSP). However,
alluvial contacts were terminated in channels where the alluvial valley width was
less than 100 ft because of map scale constraints.

We mapped fluvial features from 1:31,680-scale aerial photographs taken during
1984 and 1:24,000-scale photos taken during 2000. The 1984 photos provided a
view of the watershed after a particularly wet water year, while the 2000 photos
provided “existing” conditions. In 1983, annual runoff at Orick was 1,191,000 acre
feet and annual runoff at Highway 299 — O’Kane (Blue Lake) was 284,900 acre
feet, both of which were exceptionally high rates (See Appendix G, Department
of Water Resources Report, this report). The air photos taken in 2000 were the
most recent photos available.

Mylar compilations of fluvial features at 1:24,000 were scanned and digitized into
a database for spatial analysis in Arclnfo and ArcView. We then investigated the
spatial and temporal patterns of stream bars, sediment-widened channels, active
streamside landslides and gullies in 1984 and 2000 to note changes in stream
channels.

We developed criteria to distinguish channel-disturbance features from natural
sediment channel storage for reconnaissance study using small-scale aerial
photographs. Features indicating channel disturbance include lateral, mid-
channel, transverse and junction bars, wide and braided channels, aggrading
and degrading reaches, tributary fans and eroding banks and exclude more
stable features such as point bars and vegetated bars.

While mapping fluvial features from 1984 and 2000 aerial photographs, our fluvial
staff mapped streamside landslides. We compiled these into a spatial database
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as points, without regard to the size and analyzed the number of small active
landslides per acre and pre stream length. Results were compared between
planning watersheds as described below.

We carried out a broad-level description of major stream types based on the
Rosgen method of stream classification (Rosgen, 1996). This method provides a
general physical characterization of stream channels for coarse assessment of
the watershed. Stream gradients were generated from USGS topographic data.
We assigned Rosgen channel types based on stream gradient and study of
aerial photographs.

NCWAP analyzed stream disturbance features as mapped in channels by our
staff using the EMDS model. EMDS was run so as to obtain separate scores for
the mainstem channel and tributary channels. The relative amounts of elevated
sediment in the mainstem and tributaries were compared between the various
planning watersheds. The EMDS tool was used to highlight areas of existing
relative sediment load.

DFG field crews trained in Rosgen techniques, measured cross sections in
Redwood Creek and some of its tributaries in 2001 for habitat typing surveys
(Figures F28-F29). The field crews identified channel type and measured
channel cross sections at appropriate locations in the channel. They measured
bankfull width by stretching a level tape from one bank to the other,
perpendicular to the stream. Bankfull level was identified from changes in
substrate composition, bank slope and perennial vegetation - all caused by
frequent scouring events. The crews measured cross sections along a taut
horizontal tapeline, starting at an assumed bankfull point and recording bankfull
depth from the surface of the substrate to the level of the tape at 10 equally
spaced stations to the bankfull point on the opposite bank. DFG field crews
measured channel gradients along steeper sections where channels appeared to
be Rosgen types A or A+.

Geologic and Fluvial Geomorphic Mapping Limitations

The spatial and temporal associations we developed from comparisons of
geologic, landslide and stream channel geomorphic characteristics mapping do
not imply or otherwise demonstrate the physical causes of the mapped features,
their importance to site specific projects or studies, or the biological response or
effects of the mapped features. This work cannot and should not be used to
demonstrate the underlying physical causes of the mapped slope and channel
features. This reconnaissance mapping was done to guide in the selection of
sites for further investigation, to help inform landowners of historic changes in
geomorphology and to aid in the selection of types and sites for future
monitoring. Detailed site-specific studies should be performed to develop more
precise landslide boundaries and accurate estimates of the biological response
to mapped stream and landslide features.
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It should be noted that limited aerial photo coverage for fluvial and geologic
evaluation does not bracket temporal distribution of important watershed events,
which may not be evident in photos taken years after the fact.

A 10-hectare (25-acre) minimum was used for the DEM-based stream network,
rather than a 1-hectare (2.5-acre) minimum, and as a consequence, the smaller
drainages were missed. This was necessary because the USGS topography for
Redwood Creek was in 80-foot contours (rather than more detailed 40-foot
contours) for most of the watershed. The 10-hectare (25-acre) minimum
produced a drainage network similar to the USGS 1:24,000 topographic map’s
blue-line streams.

The fluvial evaluation consisted of a reconnaissance level review of two sets of
aerial photographs taken in 1984 and 2000. Mapping was conducted at a scale
of 1:24,000 and covers the entire watershed. At this scale, the detection of
features smaller than 100 ft in greatest dimension is poor. We performed only
limited fluvial mapping using 1965 photos (1:24,000), though the water year 1965
ranked number one for peak discharge at the Orick gauge station and air photos
throughout the watershed show that the flood of 1964 had a great impact on
fluvial geomorphology and on the estuary.

Channel characteristics are under-represented because of masking by forest
cover and submergence by surface flows. This is similar to the way that landslide
mapping from 1:24,000 scale aerial photos typically under-represents the
abundance of small landslides due to masking by forest cover and the lack of
resolution. Gullies are also under-represented because they are only observed if
they are in grasslands or sparsely vegetated areas and they must be deep
enough to cast a shadow.

Analyses presented in this report were done using ArcView, which provided
slightly less stable, less reliable results than Arcinfo.

We did limited (less than 1 week) field checking of aerial photograph
reconnaissance mapping of stream bars and streamside mass wasting features
due to time and budget constraints. We did not field check assignments of
Rosgen channel type, nor did we field check identifications of channel
disturbance features. We consider that to be a potentially significant source of
error in our assessment summary.

Distinctions between indicators of channel disturbance and natural sediment
storage were made in a simplified manner and some channel-disturbance
features might actually be natural, for example some of the lateral bars. Parts of
point bars might actually represent channel disturbance. The situation was
unavoidable at the coarse scale of the assessment and lacking field verification.

100





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

However, the method leads to inaccuracy with both natural and disturbance
features, so the inaccuracies may or may not cancel each other out.

The analyses of in-channel stream disturbance features were based on line
lengths measured in GIS and not on thickness or volume measurements.

Snow covered the higher elevations of Redwood Creek in the upper part of the
watershed on the 2000 air photos. The snow may have obscured small
streamside landslides and channel features indicating disturbance and
contributed to the conclusion that the watershed improved south of Roddiscroft
Road between 1984 and 2000.

In the comparison of channel-dimension data versus drainage area between the
different data sources, bankfull parameters were determined differently between
the studies by Madej and NCWAP. Madej's channel parameters were based on
discharge measurements, whereas the parameters from this study were based
on field observations of bankfull cross section area and the data sets from
Redwood Creek cluster in different areas of the graphs of channel dimensions
versus drainage area when compared to the Rosgen and Kurz data. Also, most
of NCWAP’s cross sections were measured in tributary channels in drainages
that are, for the most part, much smaller than those studied by Rosgen and Kurz
(2000, written communication).
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Stream Characteristics Photo Mapping Dictionary

This stream characteristics aerial photo mapping dictionary documents the
general appearance of stream-channel features and features influencing the
channel that were mapped by the California Geological Survey’s NCWAP staff
for the fluvial geomorphic component of watershed assessment. These images
are only examples of each characteristic, but are generally representative. Most
of the images in this document were taken from USGS digital orthorphoto
quadrangles (DOQ’s). Some copyrighted images are used with permission and
taken from aerial photos provided by WAC Corporation (www.waccorp.com). The
channel characteristics are generally only visible when the channel canopy cover
is sufficiently open to allow observation. Thus, fluvial geomorphic features were
mapped on a reconnaissance scale. Information observed on the aerial photos
was used to attribute the GIS database. Attributes and the association of
attributes are considered only as spatially associated geomorphic observations.
Spatial association of mapped geomorphic features should not be interpreted as
evidence of cause-and-effect. Other geologic information that cannot be
observed or interpreted from aerial photos may be relevant or causal to the
mapped stream channel characteristic. Determination of cause-and-effect of
these features mapped by aerial photo interpretation requires that site-specific
investigations be done to confirm or modify remotely sensed interpretations.
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Wide channel (wc)- this characteristic is mapped where the width of a channel sediment is
anomalous when compared with surrounding channels of similar order. Thus, this mapped
characteristic varies across the watershed based on local geologic and geomorphic conditions
and vegetation density and types. Typically, additional attributes are included to describe channel
characteristics associated with the increase in channel width. The wc attribute is also used
whenever the resolution of the image prevented clear identification of ground features, but the
anomalous lack or disturbance of channel riparian vegetation suggests a potential for greater
than optimum sediment deposition. The wc condition is often found within or near the same reach
in photos of different years and is commonly observed to be adjacent to a landslide. This
characteristic is considered detrimental to optimum habitat for anadromous salmonids.
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Braided channel (br) — characteristic is mapped when channel is a multi-threaded, interlaced
stream within the active channel. A braided channel is commonly associated with an aggraded
reach. This characteristic is considered detrimental to optimum habitat for anadromous salmonids
because of excess sediment.

Falls (fl) — characteristic is generally not visible on reconnaissance aerial photos and therefore
seldom mapped from photos at a scale of 1:12,000 or smaller. This characteristic is generally a
point feature and would be mapped in a site-specific field study. This characteristic is considered
detrimental to optimum habitat for anadromous salmonids because of the restriction on fish
passage.

Riffle (rf) — this characteristic was generally not mapped at the 1:24,000 reconnaissance scale of
this project because of small size and great number. This attribute is included in the database for
completeness to facilitate mapping at a larger scale and for mapping specific reaches. This
feature is mapped between pools with no distinction made for runs or glides. This characteristic is
best mapped as a point feature. This characteristic is not considered detrimental to optimum
habitat for anadromous salmonids.

Pool (po) — characteristic is generally not mapped at the 1:24,000 reconnaissance scale because
of small size and great number. This attribute is included in the database for completeness to
facilitate mapping at a larger scale and for mapping specific reaches. This feature is mapped at
the outside of meanders or channel bends. This characteristic is best mapped as a point feature.
This characteristic is not considered detrimental to optimum habitat for anadromous salmonids.

Uniform flow (uf) — characteristic is generally not mapped at the 1:24,000 reconnaissance scale
since most channel flow appears calm at that scale. This characteristic is used for reach specific
studies and provided for completeness as a contrast to the turbulent flow characteristic that may
be mapped at a reconnaissance scale, if extensive. This characteristic is not considered
detrimental to optimum habitat for anadromous salmonids.
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Turbulent flow (tf) — characteristic is mapped whenever the channel water shows signs of
excessive whitewater, suggesting that large obstacles occur within the active channel. This
feature usually is a secondary attribute. This characteristic may or may not be detrimental to
optimum habitat for anadromous salmonids.

turbulent
flow

Backwater (bw) — characteristic is mapped where sediment deposits are built up. This can be at
the mouth of a tributary channel where it joins with a larger river, or at a channel constriction or
blockage caused by something such as a delivering landslide. Deposition generally is caused by
a slowing and blocking of storm flows as they try to merge. Deposits often cause low flows to go
partially or completely subsurface, thus adversely affecting connectivity for fish. This
characteristic may or may not be detrimental to optimum habitat for anadromous salmonids
because of the impacts on fish passage at low flows.

Flow backwaters (bw) as channel is
constricted by toe of active landslide
(la) causing sediments to deposit
upstream of constriction.

ragd

Phb‘@ wsed with' permission of WAC  Inc.
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Point bar (pb)— characteristic is mapped at the inside of a channel meander. This feature is
distinguished from the lateral bar by its crescent plan form and location. For the purposes of
CGS’s NCWAP project, the point bar is not considered detrimental to optimum habitat for
anadromous salmonids.

Lateral bars (Ib) — characteristic mapped when sediment deposits are aligned sub-parallel with
the channel boundary and not on sharp-radius meanders. Groups of lateral bars may alternate
back and forth from across the active channel forming large radius meanders. Lateral bars are
often found where banks are eroding at the toes of landslides that deliver sediment to the stream.
For the purposes of CGS’'s NCWAP project, this characteristic is generally considered detrimental
to optimum habitat for anadromous salmonids because its presence is often due to deposition of
excess sediment and it often changes location or becomes a different feature, i.e., a mid-channel
bar.

lateral bars

Mid-channel (mb) — characteristic is mapped when elongated bars are found in the center of the
channel and water is flowing on both sides. This feature differs from transverse bars in its
general shape. This characteristic is considered detrimental to optimum habitat for anadromous
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salmonids because these bars generally indicate excess sediment and can cause excess
downstream bank erosion.

mid-channel bar

Bar at junction of channels (jb) — characteristic is mapped when a bar develops at the mouth of
tributary stream. This bar may be within main or tributary channel. This characteristic is
considered detrimental to optimum habitat for anadromous salmonids because these bars
generally indicate excess sediment and they can block fish passage at low flows.

Transverse bars (tb) — characteristic is mapped when a series of bars develop across channel at
an angle diagonal to the active channel. This characteristic is considered detrimental to optimum
habitat for anadromous salmonids because these bars generally indicate excess sediment.
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Vegetated bar (vb) — characteristic is mapped when an active channel bar is well vegetated,
generally greater than 75% of visible bar area. This characteristic is not considered detrimental to
optimum habitat for anadromous salmonids because these bars generally indicate stable

sediment and provide cover.

Partially vegetated bar (vp) — characteristic is mapped when a bar is vegetated at less than 75%.
This characteristic is not considered detrimental to optimum habitat for anadromous salmonids
because these bars generally indicate a more stable sediment deposit and can provide partial
cover.
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Aggrading (ag) — characteristic is mapped when channel deposits appear excessively wide and
deep, often indicated by channel flow going subsurface in an aggraded reach or an anomalous
widening of active channel sediment. This characteristic is considered detrimental to optimum
habitat for anadromous salmonids because aggradation generally indicates excess sediment and
can impact fish passage.

aggraded

Degrading (dg) - characteristic is generally not visible on reconnaissance aerial photos and
therefore difficult to recognize from photos at a scale of 1:24,000 without a photo time series and
field inspection. This characteristic is distinguish from incised channels in its lateral extent and
shows a much greater change in channel width. This characteristic may or may not be
detrimental to optimum habitat for anadromous salmonids.
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Upper photo shows channel in 1942
meandering north into toe of landslide. Lower
shows channel in 2000 with vegetation
established on bars south of bridge and along
toe of landslide. Field observations show
channel downcut several feet isolating
vegetated bars.

€43
active channel
degraded since
1942

vegetated bar

12000

Photo us‘ed with permissic")n of WAC,-Inc rq',,L__ "f:
Incised (in) — characteristic is mapped when one or both banks of a channel have eroded
vertically such that the active channel is entrenched. Because of the reconnaissance scale of
aerial photos, height of the vertical bank must be sufficient and the sun angle appropriate to cast

an observable shadow. This characteristic may or may not be detrimental to optimum habitat for
anadromous salmonids.
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| incised channel

Oxbow meander (ox) — characteristic is mapped when the channel meander is cut off across the
narrow piece of land that separates the two sections of the bend and the abandoned channel
partially fills in leaving an isolated channel or pond. This feature is generally found in flatter
gradient reaches. This characteristic may or may not be detrimental to optimum habitat for

anadromous salmonids.

oxbow meander

Abandoned channel (ab) — characteristic is mapped when a major channel is abandoned.
Typically vegetated marks old channel. This characteristic may or may not be detrimental to
optimum habitat for anadromous salmonids.
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abandoned
channels

Abandoned meander (am) — characteristic is mapped when a meander has been cut-off or
isolated from the active channel. Abandoned meanders are less circular than oxbow meanders.
Abandoned channel typically supports vegetation whose density is an indication of longevity.
This characteristic may or may not be detrimental to optimum habitat for anadromous salmonids.

abandoned
meander

Ph_é’tg used'with permission/of /i

el

Cutoff chute (cc) — characteristic is mapped when the channel cuts across a meander bend and
establishes a new channel. Cutoff channel may only flow during higher stages, but cutoff channel
indicates instability of meander. This characteristic may or may not be detrimental to optimum
habitat for anadromous salmonids.
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Tributary fan (tr) — characteristic is mapped when a tributary channel creates a sediment fan as it
joins a larger channel. Tributary fan is distinguished from junction bar by greater volume of
material deposited, common incision of active channel and isolation of parts of the fan from
normal flows. This characteristic may or may not be detrimental to optimum habitat for
anadromous salmonids.

\-'_‘-::"" tributary fan [

Log jam (lj) — characteristic is mapped when logs and vegetation are observed blocking the active
channel. Typically found at base of landslides that deliver sediment to the channel from wooded
terrain. This characteristic may or may not be detrimental to optimum habitat for anadromous
salmonids.

114





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

’,‘\-.f"."

.

3 'Y
Photo'usedgwith permission of WAC;Inc.

Inner gorge (ig) — characteristic is mapped where steep slopes rise from the channel and then
flatten along a near linear break in slope. Shallow landslides are often found in the inner gorge
slope. This feature is taken from the landslide mapping and transferred to the fluvial layers. This
characteristic is considered detrimental to optimum habitat for anadromous salmonids because
oversteepened slopes typically have a high rate of sediment delivery to the active channel.

Eroding right bank (er) — characteristic is mapped when right bank of channel, when viewed
facing downstream, is actively eroding. Bank erosion is commonly found at toe of delivering
landslide and outside bank of a meander. This characteristic is considered detrimental to
optimum habitat for anadromous salmonids.
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Eroding left bank (el) — characteristic is mapped when left bank of channel, when viewed facing
downstream, is actively eroding. Bank erosion commonly found at toe of delivering landslide (Is)
and outside bank of a meander. This characteristic is considered detrimental to optimum habitat
for anadromous salmonids.

o ""‘“

- -

.

Active landslide deposit (la) — characteristic mapped is typically a small, poorly vegetated, shallow
landslide that appears to deliver sediment to the channel. These features are mapped and
provided to the landslide mapping staff for their review and entry into the landslide mapping
layers. Fluvial geomorphologists map these slides because their closer scrutiny of near channel
slopes aids in finding the smaller “point” landslides and provides a quality control check to the
delivering shallow landslide database. This characteristic is considered detrimental to optimum
habitat for anadromous salmonids.
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active landslide
delivering to
stream

Older landslide deposit (lo) — characteristic mapped is typically a small, moderately- to well-
vegetated, shallow landslide that appears to have delivered sediment to the channel. These
features are mapped and provided to the landslide mapping staff for their review and entry into
the landslide mapping layers. Fluvial staff map these slides because their closer scrutiny of near
channel slopes aids in finding the smaller “point” landslides and provides a quality control check
to the delivering shallow landslide database. This characteristic is considered detrimental to
optimum habitat for anadromous salmonids.

Older landslide
delivered to
channel

Displaced riparian (dr) — characteristic is mapped when sediment, typically from a landslide,
disrupts or displaces channel riparian. Typically this attribute is noted with other channel
characteristics, such as active landslide deposit, blocked channel or wide channel. This
characteristic is considered detrimental to optimum habitat for anadromous salmonids.
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# displaced
{ riparian

; '
b i

Blocked channel (bc) — characteristic is mapped when landslide delivers sufficient sediment to the

channel to back up or significantly divert the flow of water. Channel flow typically disappears or

becomes significantly reduced over the blocked reach. Channels often incise to re-establish an
active channel. This characteristic is considered detrimental to optimum habitat for anadromous

salmonids because it blocks fish passage and directs delivery of dimgnt to the channel.

R

blocked

i channel

Photo used with permissicn of WAC, Jnc.

Man-made structure (ms) — characteristic is mapped when a man-made structure is influencing
stream flows and/or stream sedimentation. Typically this feature is identified when sediment
deposits are noticed near a bridge, culvert or road crossing suggesting that the structure
influences channel hydraulics.
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Gully — characteristic must be seen on aerial photos and therefore can only mapped in partially
vegetated or grassland areas. Feature is sufficiently long and deep that it casts a discernable
shadow. A gully commonly is found in proximity to a shallow landslide or road. Feature is
mapped as a line and placed in a layer that is separate from other fluvial characteristics, because
it is outside of the 1:24,000 blue line drainage network. A gully would be attributed as entrenched
if it were part of the 1:24,000 stream network.
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Figure G 1 — Map showing the location of the Redwood Creek Watershed in northwest California.
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Figure G 2 — Map showing regional tectonic framework for the Redwood Creek region.
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Figure G 3. — Generalized geologic map for the Redwood Creek Watershed showing distribution
of major bedrock units.
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Figure G 4. — Hillshade DEM showing dramatic contrast in topography between the “north Lacks
Creek facies” and “south Lacks Creek facies”
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Figure G 5. — Annotated hillshade DEM showing morphology of proposed “earthflow
amphitheaters” underlain by incoherent unit of Coyote Creek (ef = earthflow, dg = disrupted
ground)
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Figure G 6. — Hillshade DEM showing “watercourse fans” and broad flat-floored amphitheaters
underlain by Redwood Creek schist.
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Figure G 7. Schematic subduction and accretion diagram showing general relationship of tectonic
plates in the Redwood Creek region (modified from Harden, 1998)

141





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED
ASSESSMENT

Figure G 8. — Hillshade DEM showing currently mapped and proposed extension of Bridge Creek
Lineament (white dots show ends of respective air photo lineaments, thick blue lines are
watershed boundaries)
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Figure G 9. — Schematic a) sackung and b) pull-apart basin diagrams (not to scale)
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Slope of Landslide Deposits (all types) by Geologic Unit
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Figure G 10. — Graph showing relationship of slope within mapped landslides as a function of
major bedrock group (results from selected bedrock units having similar characteristics were
combined for clarity, arrows and vertical lines identify break points on the curves)
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Distribution of active slides by geologic unit
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Figure G 11. - Histogram showing relative distribution of active landslides as a function of bedrock
type.
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Distribution of dormant slides by geologic unit
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Figure G 12. — Histogram showing relative distribution of dormant landslides (earthflows and
bedrock slides) as a function of bedrock type.
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Figure G 13. — Histogram showing relative distribution of small, active “point slides” as a function
of bedrock type.
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Figure G 14. — Location map showing the five subbas
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Figure G 15. — Map showing major roads and watercourses in the Estuary Subbasin.
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Figure G 16. — Map showing major roads and watercourses in the Prairie Creek Subbasin.
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Figure G 17. — Map showing major roads and watercourses in the Lower Subbasin.
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Figure G 18. — Map showing major roads and watercourses in the Middle Subbasin.
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Figure G 19. — Map showing major roads and watercourses in the Upper Subbasin.
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Figure G 20. — Hillshade DEM showing “faceted spur ridges” west of Redwood Valley.
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Figure G 21. —Hillshade DEM showing large earthflow complex in the Upper Subbasin.
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Number of "Point Slides" Relative to Roads Shown in GIS Coverage
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Figure G 22. — Data plot showing incidence of mapped “point slides” as a function of distance
from roads. There appears to be a 57% increase in “point slides” associated with proximity to
mapped roads. (Note: full roads GIS coverage provided by RNSP was used and buffered at 10,
25, 50 and 100 meter increments. Some roads have been removed by RNSP and no longer exist,
but show on the coverage. “Point slide” aerial photograph data covers time period over which
these roads existed.)
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Figure F 1 a Bar graph showing annual precipitation in inches at Orick, O’Kane and Little Lost
Man Creek (LLM) from 1954 to 2000. Water year 1983 was the wettest, with more than 100
inches falling at Orick. After a relatively dry period, 1995-1997 were wetter years and included a
12-year storm during the winter of 1996-1997.
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Rain vs Discharge for period of record 1971-2000
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Figure F 1 b. — Graph showing precipitation and streamflow (discharge) at the O'Kane and
Orick gaging stations, 1971 to 2000. All amounts were normalized by dividing by their
respective means for the time interval considered.
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Figure F 1 c. — Graph showing streamflow (discharge) and suspended sediment at O’Kane
and Orick, 1971 to 2000. All amounts were normalized by dividing by their respective means for
the time interval considered.
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Figure F 2 - Bar graph showing peak flows in cubic feet per second (cfs) by water year as
measured at Orick. In 1996/1997, peak flow was relatively small compared with other water years
such as 1956 (storm of 1955), 1965 (storm of 1964), 1973 and 1975.
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Figure F 3 - Bar graph showing suspended-sediment load per area from 1973 to 2000 at
Orick and O’Kane (a gage just north of Highway 299). Water year 1973 showed a relatively
high load due to the storms of 1972. Suspended sediment consists of sand, silt and clay
particles distributed throughout the water column. Fine sediment carried in suspension is
of concern primarily because of its effects on aquatic habitat.
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Figure F 4 - Bar graph showing suspended-sediment load per area from 1974 to 2000 at Orick
and O’Kane (a gage just north of Highway 299).

Water years 1974 and 1975 show relatively high loads when they are not dwarfed by water year
1973, which was deleted from the graph for illustration. Suspended sediment consists of sand, silt
and clay particles distributed throughout the water column. Fine sediment carried in suspension is
of concern primarily because of its effects on aquatic habitat.
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Figure F 5 - Graph showing the ratio between suspended sediment load at O'Kane (Highway
299) and Orick, 1973-1998.

The proportion of sediment from the upper part of Redwood Creek generally increased between
1987 and 1997, when elevated bedload mapped by CGS was moving from the upper to middle
and lower subbasins. In the early 1990’s, O’Kane began to record more suspended sediment per
acre than Orick.
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Figure F 6 - Map showing the locations of cross sections monitored by USGS and RNSP on the
mainstem channel of Redwood Creek.
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Dramatic changes observed at this cross section was due to
erosion of a large flood terrace.

Figure F 7 - Longitudinal trend in changes in stream bed elevation at cross sections along
Redwood Creek, 1973 — 1997 (RNSP, 1999). Cross section 25 changed dramatically due to the
erosion of a large flood terrace. (100 km = 62 mi).
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Figure F 8 - Map showing RNSP cross sections in lower Redwood Creek.
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Figure F 9 - Map showing the locations of RNSP cross sections for the lower and part of the
middle subbasins of Redwood Creek.
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Figure F 10 - Map showing the locations of cross sections in the middle subbasin of Redwood
Creek.
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Figure F 11 - Map showing the locations of RNSP cross sections in the middle subbasin of

Redwood Creek.
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Figure F 12 - Map showing the locations of RNSP cross sections in the upper subbasin of
Redwood Creek.
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Figure F 13 - Map showing the locations of RNSP cross sections in the upper subbasin of
Redwood Creek.
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Figure F 14 - Selected cross sections along the mainstem of Redwood Creek from RNSP.
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F 14a. —Cross section number 6 showed aggradation 1973-1986 and degradation 1986-2000.
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F 14b. —Cross section number 10 showed aggradation 1973-1986 and both degradation and
aggradation between 1986 and 1999.
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F 14c. —Cross section number 11 showed aggradation between 1973 and 1999. This reach did
not return to its former level and it remained aggraded in 1999.

Redwood Ck X/S 12

34 —
£ 1973
5 - — — — - 1985
® O |y rTT e 1999
>
K
W

Distance (m)

F 14d.- Cross section number 12 showed aggradation after 1973. This reach did not return to its
former level and it remained aggraded in 1999.
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F 14e. — Cross section number 13 showed aggradation 1973-1985 and minor degradation with
local aggradation 1985-1991. This reach did not return to its former level and it remained
aggraded in 1991, when the last cross section was measured by RNSP.
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F 14f. — Cross section number 14 showed aggradation from 1973 to 1985 and degradation from
1985 to 1999. This reach did not return to its formal level and it remained aggraded in 1999.
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F 14g. — Cross section 15 aggraded on the left bank and the thalweg moved left.
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F 14h. — Cross section 16 showed both aggradation and scour. By 2000, this reach was scoured

below its 1973 level. This indicates that the ‘sediment wave’ of Madej and Ozaki
passed downstream.
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F 14i. — Cross section 17 showed both aggradation and scour between 1973 and 2000. The right
bank was scoured below its 1973 level by the summer of 2000.
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F 14j. — Cross section 18a scoured below its 1982 level by 2000.
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F 14k. — Cross section 19 aggraded and scoured between 1973 and 1998.
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F 14l. — Cross section 20 scoured and degraded below its 1973 level.
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F 14m. - Cross section 32 scoured and degraded below its 1973 level.
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F 14n. - Cross section 40 scoured and degraded below its 1973 level.
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Total Channel Width
L w
\\\\}, S i
\\ AT

m Scour NS

,/

Cross section profile at time of initial survey
———————— Cross section profile at time of resurvey
W Bankfull Channel Width
AT Change in thalweg elevation
AAg  Net change in streambed area is the sum of scour (—)
and fill (+) at a cross section. (not shown)
A Eg Change in mean streambed elevation

AEc=AAg/W (not shown)

The thalweg (T) of the is defined as the lowest point in the streambed in a cross
sectional profile.

Active channel width is the channel width occupied by the effective discharge
and is identified by high-water marks, vegetation breaks and breaks-in-slope.
Nolan and others (1987) defined the effective discharge as the discharge that
transports the majority of sediment due to its high frequency of occurrence (Rl =
1.8 years on Redwood Creek of 15,000 ft*/s or 425 m*/s). The effective discharge
is approximately the bankfull discharge used by NCWAP.

The net change in streambed area (A A,) is the difference between the area of fill
and area of scour across the streambed. Mean change in streambed elevation
(A E.) is a normalized value that compares the relative importance of changes at
cross sections of different widths and is derived by dividing the net change in
streambed area ( A A;) by the active channel width (W): Change in Mean
Streambed Elevation: AE; = AAyW. By this method of analysis, a lowering of
the mean streambed elevation by 0.5 foot, or 0.15 m (AE; = -0.15), produces the
same percent change in a 32-foot (10-m) wide cross section as it does in a 328-
foot (100-m) wide cross section, even though more material has moved through
the wider cross section. A change in mean streambed elevation of 2 inches (0.05
m) or less is not within the survey measurement error and cross section changes
within this range are considered to show no change.

For each survey year, the cumulative change in mean streambed elevation is
calculated and plotted to show trends at individual cross sections over time. This
helps to illustrate general trends in infilling, scouring, or stability at the cross
section.

Figure F 15 - Definitions of Cross Sections Terminology from Varnum and Ozaki (1986)
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Figure F 16 - Pie charts illustrating the proportions of the RNSP sediment budget.

RNSP Sediment Budget

O Sediment Output Plus Addition to Storage
@ Estimated Erosion
OUnaccounted Sediment Output

F16a. Proportions of Sediment Flux, Redwood Creek Watershed,
1954-1980, from RNSP data. “Output and storage” represents the total
outgoing sediment measured at Orick and the total change in storage
in the mainstem and tributary channels. The amount of erosion should
ideally equal the amount of output and storage. “Estimated erosion”
shows the erosion actually estimated from the sources listed in the
1980 sediment budget (RNSP, 1999). Park staff took a conservative
approach in their estimates of erosion. “Unaccounted Sediment
Output” represents the ‘extra’ sediment that left the basin at Orick,
above the amount that would be predicted from field and air-photo
studies of erosion and additions to sediment storage. CGS mapping
showed more active and dormant, deep-seated earthflows and
rockslides than earlier maps and these may account for some
unaccount sediment.
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Human versus Natural Sediment Production (total tons/year)

O Human caused

69%
> B Natural

F16b. Proportions of Natural and Human-Caused Sediment, Redwood
Creek Watershed, 1954-1980 (RNSP 1999 and USEPA 1998). More
than 50% of the sediment production is human caused according to
RNSP and USEPA. CGS landslide mapping may be a basis for
changing these proportions.

Sources of Redwood Creek Sediment, 1954-1980, Estimated by RNSP (1999)

ORoads B Gullies O Streambank OMass Movement

F16c. Sources of Sediment Production in Redwood Creek Based on
the 1980 Sediment Budget (RNSP, 1999). Most of the sediment
production is from mass movement, some of which has been human
caused. CGS mapped additional large, deep-seated landslides not
considered in this earlier sediment budget. Roads and gullies are
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and grazing-related erosion.

Human-Caused Erosion (RNSP, 1999 and USEPA, 1998)

ORoads B Gullies 0O Streambank 0O Mass Movement

F16d. Pie chart showing the sources of Human-Caused Sediment
Production in Redwood Creek (RNSP, 1999) and USEPA (1998).
Roads and gullies make up more than 50% of these sediment sources.

Sources of Natural Sediment Production, Redwood Creek (RNSP, 1999 and USEPA, 1998)

OGullies B Streambank OMass Movement

F16e. Sources of Natural Sediment Production in Redwood Creek
based on the 1980 Sediment Budget (RNSP, 1999) and USEPA
(1998). Natural sediment sources are mostly mass movements with
some gullying and streambank erosion.
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Figure F 17 - Map of Redwood Creek watershed showing channel-reach categories by
channel gradient. Source reaches are >20% (purple), transport reaches are 4-20% (gold)
and response reaches are 1-4% (green) and 0-.99% (blue). Channel gradients were
calculated from USGS 10-meter-grid DEM’s. Green grid lines are boundaries of USGS 7.5-
minute topographic maps; gray lines are boundaries of CalWater 2.2 planning watersheds.
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Figure F 18 - Bar graphs showing the distribution of stream gradients in the mainstem, tributaries
above Prairie Creek and Prairie Creek, in the Redwood Creek watershed. The tributaries are
dominated by steeper gradients, unlike the mainstem channel of Redwood Creek.
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Figure F 19 a. - Map showing wider gravel bars as polygons and narrow gravel bars as lines near
Forty-Four Creek, lower subbasin. The polygons were replaced with lines to analyze of stream-
disturbance features by length.
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Figure F19 b. - CGS replaced the gravel-bar polygons with lines to analyze the distribution of
stream disturbance features by length.
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Figure F 20 - a Map of 1984 Redwood Creek watershed showing stream-disturbance
features (red) overlain on channel-reach categories. Source reaches are >20% (purple),
transport reaches are 4-20% (gold) and response reaches are 1-4% (green) and 0-.99%
(blue). Channel gradients were calculated from USGS 10-meter-grid DEM’s. Green grid
lines are boundaries of USGS 7.5-minute topographic maps; gray lines are boundaries
of CalWater 2.2 planning watersheds.
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Figure F20b. - Map of Redwood Creek watershed in 2000, showing stream-disturbance features
(red) overlain on channel-reach categories. Source reaches are >20% (purple), transport reaches
are 4-20% (gold) and response reaches are 1-4% (green) and 0-.99% (blue). Channel gradients
were calculated from USGS 10-meter-grid DEM’s. Green grid lines are boundaries of USGS 7.5-
minute topographic maps; gray lines are boundaries of CalWater 2.2 planning watersheds.
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Figure F 21. — Bar graph showing the lengths of negative stream features normalized by
the area of each planning watershed in 1984 and 2000. Noticeable increases in Noisy
Creek, McArthur Creek, and Skunk Cabbage Creek (estuary) were due to increases in
stream disturbance in particular areas of those planning watersheds as described in the
text and Figure F42.
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Figure F 22a. -Map of lower Redwood Creek watershed, including Prairie Creek, showing
reaches with delivery and deposition of elevated sediment in 1984 (brown) and 2000 (gold). Blue
lines are streams; green grid represents boundaries of USGS 7.5-minute topographic maps; gray
lines are boundaries of CalWater 2.2 planning watersheds. Lowermost Redwood Creek gained
elevated sediment between 1984 and 2000 and the area of the Tall Trees Grove meander
contains elevated sediment in both years
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Figure F22b. - Map of middle Redwood Creek watershed, including Prairie Creek, showing
reaches with delivery and deposition of elevated sediment in 1984 (brown) and 2000 (gold). Blue
lines are streams; green grid represents boundaries of USGS 7.5-minute topographic maps; gray
lines are boundaries of CalWater 2.2 planning watersheds. Negative stream features disappeared
from Minor Creek between 1984 and 2000.
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Figure F22c. - Map of upper Redwood Creek watershed showing reaches with delivery and
deposition of elevated sediment in 1984 (brown) and 2000 (gold). Blue lines are streams; green
grid represents boundaries of USGS 7.5-minute topographic maps; gray lines are boundaries of
CalWater 2.2 planning watersheds. Parts of the upper subbasin gained negative stream features
by the year 2000, particularly Twin Lakes Creek, which is the highest planning watershed.
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Figure F 23. - Map of Redwood Creek watershed (1984) showing the 444 of 661 (67%) areas of

stream disturbance (negative stream features) in red that are within 100 m of active (darker gray)
and dormant (lighter gray) mass-wasting features including earthflows, rock slides, debris slides,
debris flows, disrupted ground and debris slide slopes. Green grid represents boundaries of

USGS 7.5-minute topographic quadrangles.
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Figure 23b. - Map of Redwood Creek watershed (2000) showing the 202 of 309 (65%) areas of
stream disturbance (negative stream features) in red that are within 100 m of active (darker gray)
and dormant (lighter gray) mass-wasting features including earthflows, rock slides, debris slides,
debris flows, disrupted ground and debris slide slopes. Green grid represents boundaries of
USGS 7.5-minute topographic quadrangles. The upper subbasin continued to yield sediment from
unstable areas into the year 2000.
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Percentage of Stream Disturbance by Length
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Figure F23 C. - Graph showing the decrease in stream disturbance near deep-seated hillslope
landslides in Redwood Creek watershed. Elevated sediment moved away from unstable
hillslopes between photo years 1984 and 2000.
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Figure F23 D. - Graph showing the decrease in stream disturbance near areas of higher landslide
potentials 4 and 5 in Redwood Creek watershed. Elevated sediment moved away from unstable
hillslopes between photo years 1984 and 2000.
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Figure F 24. - Map showing streamside slides in the upper subbasin, Redwood Creek watershed.
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Figure F 25. - Bar graph showing the number of active streamside landslides in 1984 and in 2000,
normalized by (divided by) area of each planning watershed to create an index of 0-6 along the
horizontal axis. Note the increase in active streamside landslides in Lacks Creek. Lacks and Twin
Lakes Creeks had the highest density of active streamside landslides in 2000.
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Figure F 26. - Bar graph showing the change in the proximity between active streamside
landslides and negative stream features between 1984 and 2000. In 2000, negative stream
features were farther away from streamside landslides than in 1984. The 2000 streamside
landslides show the same proximity distribution to the blue-line stream network seen in 1984.
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Gullies
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Figure F 27. - Map of gullies in Redwood Creek watershed. Mapping was biased toward
grasslands and areas lacking forest cover.
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Figure F 28. - Map showing the locations of cross sectioncross sections from DFG/NCWAP
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Figure F 29a. - Graph showing the width of Redwood Creek mainstem channel from
RNSP/USGS cross sections with channel-width data from the other sources displayed on a
log-log scale with power-function trendlines. The tributary sections show slightly narrower

bankfull widths per drainage area, whereas mainstem sections show scatter around the

trend of Rosgen and Kurz (2000).

Bankfull Width (ft)

Figure 29b. - Graph showing the width of Redwood Creek mainstem channel without the data
from RNSP cross sections. The trend of NCWAP data is similar to that from Rosgen and Kurz
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(2000). NCWAP crews identified bankfull widths in a manner similar to Rosgen and Kurz (2000),

which was the intention of the program.
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Figure 29c. - Graph showing mean bankfull depth versus drainage area. Data are plotted on a
log-log scale with power-function trendlines. NCWAP data, from tributaries and the mainstem
channel, show shallower streams per drainage area. NCWAP crews identified bankfull widths in a
manner similar to Rosgen and Kurz (2000), so the difference in trend is not due to differences in

methods.
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Figure 29d. - Graph showing bankfull cross sectional area versus drainage area. Data are plotted
on a log-log scale with power-function trendlines. NCWAP data show smaller cross sectional
areas per drainage area than those from Rosgen and Kurz (2000), corresponding to the

shallower depths.
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Figure F30a. - Oblique view north toward the Redwood Creek estuary
in 1905. Note the size of water-filled area in the estuary embayment
and the conifers to the east. Photo courtesy of Redwood National Park,
D. Anderson, 2002.

Figure F 30. - Air photo views of the Redwood Creek estuary from 1905 to 2000.
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Figure F30b. - Oblique 1915 photo with the Redwood Creek estuary
the distance. Redwood trees are east of the estuary in the lowlands.
Photo courtesy of Redwood National Park, D. Anderson, 2002.
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Figure F30c. - Redwood Creek estuary in 1936, north is toward the top of the photo. Note the size
of the area covered by water and the continuity of the water in the estuary embayment and the
tributaries/tidal inlets to northeast. The mouth is shifted southward and the beach area west of the
embayment appears to be vegetated. The southward shift in the mouth indicates an imbalance
between the sediment discharged from Redwood Creek and nearshore reworking and transport.
The latter was the dominant process. Little enough sediment was being discharged from the
mouth of the creek such that the mouth could migrate to the south. Also note the vegetated
stream bars in the lower part of the mainstem channel. Aerial photography was provided by
Redwood National Park. The photograph was originally from the U.S. Forest Service and used by
park staff to prepare for purchase of park land referred to as the Northern Redwood Purchase
Unit, 1:24,000 (S. Veirs, Redwood National Park, written communication, 1984).

4

27.78% | Doc: 1480 /14EM P Zoom out

Figure F30d. - Redwood Creek estuary in 1948, north is toward the top of the photograph. Source
of aerial photographs is U.S. Forest Service, flight CDF2, 1:26,400. The stream bars are bar and
not covered with vegetation as in 1936. The mouth of the creek is directly west of the
embayment. Enough sediment is being discharged from Redwood Creek to prevent the mouth
from moving to the south.
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Figure F30e. - Redwood Creek estuary in January, 1965, a few weeks after the flood of 1964
when much of the area was under water. During the storm, the mouth extended far to the north
and out into the surf zone, due to the high volume of sediment that was discharged from the
mouth of Redwood Creek. Nearshore marine processes could not compete with the
overwhelming fluvial processes that delivered sediment to the surf zone. Source of aerial
photograph was RNSP.
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Figure F30f. - Redwood Creek estuary in 1965, after the flood of 1964. The mouth retreated
inland back to its normal position, leaving a shallowed, submerged sand bar where the water is
white and the surf zone extends farther out into the ocean. During the storm, the mouth extended
out to sea in that shoal area. In this photo, there is a great deal of water in Redwood Creek and in
the estuary. The water is so high that many stream bars are submerged and not visible and those
that are visible are bar and expose sediment. After the flood, the mouth and estuary did not
change permanently. There is little change in the general shapes of the land forms including the
estuary, its tributaries and tidal inlets and the lower meanders of Redwood Creek . Source of
aerial photographs is U.S. Department of Agriculture, Soil Conservation Service, flight CVL,
1:20,000.
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Figure F30g. — Oblique photograph of the Redwood Creek estuary in 1988, from the KRIS
Redwood CD. Construction of levees confined lower Redwood Creek to a smaller channel. In this
photo, taken 20 years after levee construction, the areal extent of the estuary/lagoon embayment
was greatly diminished. The stream bars are bare of vegetation.
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Figure F30h. — Aerial photograph of the Redwood Creek estuary in 1988, used with permission
from W.A.C. Corp., Eugene OR. A great deal of bare exposed sediment is apparent on stream
bars and at the beach and a relatively high amount of sediment is being discharged from the
mouth into the surf zone, keeping the mouth in a northward location until the discharge of
sediment slows enough that nearshore marine processes can rework and transport it..
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Figure 30i. - The mouth of Redwood Creek in the year 2000. The area of the former estuary is
filled with beach sand. The tidal inlets forming the North Slough are nearly dry. The south
meander of the creek is a backwater slough. The estuary is a constriction of Redwood Creek at
its mouth. The stream bars in Redwood Creek are bare and expose sediment. There is enough
sediment discharge to maintain the mouth in a northerly direction. Levee construction did more
damage to the estuary than the storm of 1964, because the size of the estuary has been reduced
dramatically. Aerial photography, 1:24,000, was used with permission from W.A.C. Corp.,
Eugene, OR.
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Figure F 31. - Map of gravel bars and widened channels in lower Redwood Creek. Brown

represents sediment in storage in 2000 and green represents 1984
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Figure F 32. - Map of gravel bars and widened channels in lower Redwood Creek from 1984

photo year.
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Figure F 33. - Map of gravel bars and widened channels in lower Redwood Creek from 2000

photo year.
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Figure F 34. - Map of Redwood Creek, showing wide channels and gravel bars mapped from
1984 photos in green and terraces in gray. Widened sediment-laden channels are represented by
the lines in tributary channels.
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Figure F 35. - Map of Redwood Creek, showing wide channels and gravel bars mapped
from 2000 photos in brown and terraces in gray. Widened sediment-laden channels are
represented by the lines in tributary channels.
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Figure F 36. - Map of Redwood Creek, showing wide channels and gravel bars mapped from
2000 (brown) and 1984 (green) photos. Widened sediment-laden channels are represented by
the lines in tributary channels.
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Figure F 37. - Map showing terraces observed in air photos near the Tall Trees Grove, in the
lower subbasin, and a carbon age for the terrace. Green represents 1984 sediment and brown
represents 2000 sediment.
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) Redwood Valley |

Figure F 38. - Map showing gravel bars and terraces (gray) in Redwood Valley and Minor Creek.
Brown is 2000 and green is 1984. Note the extent of stream disturbance in photo year 1984.
Elevated sediment moved downstream to response reaches between 1984 and 2000.
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Figure F 39. - Map of Redwood Creek and the confluence with Lacks Creek, showing gravel bars
mapped by CGS. Gray is terraces, brown features are 2000 sediment and green features are
1984 sediment. Note the extent of stream disturbance in photo year 1984. Elevated sediment
from steeper reaches moved downstream to response reaches between 1984 and 2000. Brown
line in lower Lacks Creek represents a widened channel of elevated sediment observed in 2000
air photos.
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Figure F 40. — The middle subbasin contains fluvial terraces above the channel thalweg. Terraces
are gray, 1984 sediment is green and 2000 sediment is brown. Note the extent of stream
disturbance in photo year 1984. Where this represents sediment, elevated sediment from steeper
reaches moved downstream to response reaches between photo years 1984 and 2000.
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Figure F 41. - Map showing widened channels mapped in upper Redwood Creek subbasin.
Brown is 2000 and green is 1984.
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Figure F 42 a-u. — Bar graphs showing stream disturbance by tributary in photo years 1984 and
2000, Redwood Creek watershed.
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F. % Stream Disturbance in the Bridge Creek planning watershed, by stream
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U. % Stream Disturbance in the Twin Lakes Creek planning watershed, by stream
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ediment Budget (RNSP, 1999)

738= Basin Area, square kilometers

285= Basin Area, square miles

Sediment Source

ROADS Total Tons |Years*Tons/Year% Man- Man-Made Natural
Made Tons/Year /Sq. Mi [Tons/Year
Sq. Mi
Cut Bank Erosion 336,000 10 33,600 100 117.9 0
Surface Erosion Unpaved Roads 1,265,000 27 46,852 100 164.4 0
Skid Trails 2,400,000 | 27 88,889 100 311.9 0
Erosion from Inboard Ditches 410,000 25 16,400 100 57.5 0
Erosion from Haul Road Stream Crossings 1,166,000 | 27 43,185 100 151.5 0
Skid Trails Crossings 521,000 27 19,296 100 67.7 0
Surface Erosion From Disturbed Ground 3,499,000 | 30 | 116,633 100 409.2 0
SUM ROAD SEDIMENT: 9,597,000 364,856 1280.2 0
GULLIES
Prairie Gullies 440,000 25 17,600 60 37.1 24.7
Redwood National Park 2,100,000 | 27 77,778 100 272.9 0.0
Upstream of Park and Lost Man Basin 5,967,000 27 | 221,000 60 465.3 310.2
SUM GULLY SEDIMENT: 8,507,000 316,378 775.2 334.9
STREAMBANK EROSION
Tributary Streambank Erosion 3,130,000 | 27 | 115,926 60 2441 162.7
Mainstem Bank Erosion 2,070,000 27 76,667 60 161.4 107.6
SUM STREAMBANK SEDIMENT: 5,200,000 192,593 405.5 270.3
MASS MOVEMENT
Streamside Landslides Along Mainstem 7,100,000 | 27 | 262,963 60 553.6 369.1
Streamside Landslides in Tributary Basins 4,600,000 | 27 170,370 60 358.7 239.1
Earthflows 1,350,000 | 27 50,000 0 0.0 175.4
Forested Block Landslides 260,000 27 9,630 0 0.0 33.8
Debris Torrents 900,000 26 34,615 0.0 121.5
SUM MASS MOVEMENT SEDIMENT: 14,210,000 527,578 912.3 938.9
EROSION SUM: 37,514,000 1,401,404 3373.2 15441
CHANNEL-STORED SEDIMENT
Change in Sediment Storage in Tributaries (440,000) | 27 | (16,296) 69 (39) (18)
Change in Sediment Storage in Redwood Creek (10,400,000) 34 |(305,882) 69 (741) (333)
CHANGE IN STORAGE SUM: (10,840,000), (322,179) (780) (350)
PREDICTED OUTPUT: INPUT - STORAGE = 26,674,000 1,079,226 2593.1 1193.6
MEASURED SEDIMENT OUTPUT @ ORICK 45,000,000 | 27 |1,666,667 1,079,226
MEASURED - PREDICTED = 18,326,000 (587,441) (587,441)
MEASURED PERCENT DIFFERENCE = 40.7 (15,860,908)

* 27 year study period assumed unless other is stated

Table FT 1 a. — Table showing the 1980 sediment budget for the Redwood Creek
watershed. Data from RNSP, tabulated by CGS.
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High

Low (Tons/sq|(Tons/sq mi) | Redwood Low Redwood

mi) Ann Sed |Ann Sed Estimate High Estimate
Type Sqg Miles* |% Area** |Load** Load** (Tons/Yr) (Tons/Yr)
Active 15.1 54
Earthflows 12.0 4.2 10526.8 31932.7 126,038 382,331
Rock Slides 3.2 1.1 2208.7 8315.0 6,988 26,307
Dormant 60.9 21.6 _ _
Earthflows 33.5 11.9 568.4 1867.6 19,034 62,541
Rockslides 27.4 9.7 270.7 928.0 7,419 25,438
OTHER 206.3 73.1 284 32.3 5,853 6,660
SUMS of Columns 13603.0 43075.6 165.332 503.276
Per Square Mile 282.3 100 586 1,783

*Used in calculations
**|nformational only
***Gualala values

Table FT 1b. — Table showing CGS calculations of natural sediment yield for Redwood

Creek Watershed, using load calculations from the Gualala River watershed assessment.
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Table FT 2. - Example of Database Dictionary for GIS Mapped Fluvial Features.

STREAM FEATURES, LINES (<quad>_sfl99a) — by quad and photo
year

LINE LAYER

ITEM NAME WIDTH OUTPUT TYPE N.DEC

fnode# 4 5 b - FROM node

tnode# 4 5 b - TO node

Ipoly# 4 5 b - left poly

rpoly# 4 5 b - right poly

length 8 18 f 5 length of line (meters)
<name># 5 b - Arcinfo ID- do not change

4
<name>-id 4

5 b - Arcinfo ID- do not change
2 12 c

feature_id 1
sed_typel
sed_type2
sed_type3
sed_type4d
length_fld
sed_width
sed_thick
source
source_yr
staff
remarks 40 40
date 8 10 d - assigned byArcView

WANPPPROWWW
O ~—TO0O OO0 W

O WPHANOOWOOOOWWWW

feature_id — identification code for feature (optional)
sed_typel - primary channel characteristic
sed_type2,3,4 - secondary channel characteristic (if noted)

wc - wide channel ag — aggrading

br — braided channel dg — degrading

RF — RIFFLE IN — INCISED

po — pool 0ox — oxbow meander

FL — FALLS AB — ABANDONED CHANNEL

UF — UNIFORM FLOW AM — ABANDONED MEANDER
TF — TURBULENT FLOW CC — CUTOFF CHUTE

bw — backwater tf — tributary fan

pb - point bar lj - log jam

LB - LATERAL BAR IG - INNER GORGE

mb — mid-channel bar el - eroding left bank (facing downstream)
jb - bar at junction of channels er - eroding right bank (facing downstream)
tb - transverse bar la - active landslide deposit

vb - vegetated bar lo - older landslide deposit

vp - partially vegetated bar

length_fld - length of channel as measured in the field (meters)
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sed_width - width of channel covered by feature (meters); usually estimated by geologist,
but may be average value from field investigation

sed_thick - thickness of sediment (meters); assigned based on sed_type1,
but may be overwritten based on field visit

source - source of data
p - areal photo interpretation
fd - field mapped by DMG staff
fo - field mapped by non DMG staff
r - published or unpublished report
source_yr - year of source data (4-digit)
staff - initials of DMG staff making identification
remarks - field notes, etc.
date - date information was entered into database (supplied by ArcView)

CGS Map Color Stream Gradient Ranges Rosgen Classes
Dark blue 0-0.1% Gc, F, Bc, E, Cc-, Dc-, DA
Light blue 0.1-1% Gc, F,Bc, C, E, DA

Green 1-2% Gce,F,Bc,E,C,D
Yellow 2-4% G, Fb, B, Eb, Cb, Db
Golden 4 -10% A, Ba

Red >10% A+

Table FT 3. - Chart showing Rosgen Classes, stream gradients and map color (referring to

internal CGS maps).
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Hsaname Spwshame Pwsname Subbasin Acres |Perimeter m| Upslope Total Max. [Width-| Ave. | X- |Discharge-
Area, km2 Area km2 | Stream | Stream | BF" ft |Depth-| Sec.| BF*cfs
length, [Length, BF? ft |Area-
km km BF®,
fth2
Orick Prairie Creek Skunk Cabbage Cr 19.640 4,855 20,721 728.197 1,435 113.2 [130.5| 6.74 |{1209| 21,198
Orick Prairie Creek May Creek 45.470 11,243 43,672 38.350 78 144 | 476 | 2.32 | 121 1,610
Orick Redwood National Pk |Lost Man Creek 51.382 12,704 36,895 102.750 192 21.4 66.7 | 3.32 | 262 3,573
Orick Redwood National Pk [McArthur Creek 27.560 6,814 26,587 614.491 1,218 107.6 [123.1| 6.34 [1058| 18,334
Orick Redwood National Pk [Bond Creek 33.167 8,200 26,315 586.753 1,168 102.0 |121.2| 6.23 |1021| 17,666
Orick Redwood National Pk |Bridge Creek 60.892 15,056 41,484 554.185 1,108 93.8 (1189 6.10 | 976 | 16,861
Orick Redwood National Pk [Copper Creek 40.558 10,028 28,101 492.199 993 88.1 114.1 | 5.85 | 890 15,302
Beaver Hooker Mountain Devil's Creek 17.824 4,407 18,451 17.868 30 8.0 36.7 | 1.76 | 67 691
Beaver Hooker Mountain Coyote Creek 31.071 7,683 23,886 434.000 886 77.0 [109.3| 5.59 | 807 | 13,833
Beaver Hooker Mountain Panther Creek 39.430 9,751 30,037 401.147 828 716 |106.4| 5.43 | 758 13,034
Beaver Beaver Flat Roaring Gulch 36.040 8,911 24,965 318.950 664 64.8 | 984 | 5.00 | 634 | 10,716
Beaver Lacks Creek Lower Lacks Cr 24.018 5,939 22,385 44 355 91 14.5 50.1 | 245 | 136 1,845
Beaver Lacks Creek Upper Lacks Cr 20.540 5,079 20,614 20.695 38 7.8 386 | 1.86 | 75 852
Beaver Beaver Flat 'Toss-Up Creek 35.344 8,739 26,301 282.929 587 52.2 94.4 | 478 | 577 9,608
Beaver Nixon Ridge Minor Creek 40.302 9,965 31,205 248.330 519 46.3 | 90.3 | 4.56 | 521 4,487
Beaver Nixen Ridge Lupton Creek 32.577 8,055 27,634 207.664 438 43.0 849 | 4.28 | 453 3,830
Lake Prairie |Christmas Prairie \Windy Creek 19.552 4,835 17,773 174.900 376 37.3 | 80.1 | 4.02 | 396 3,290
Lake Prairie |Christmas Prairie Noisy Creek 27.560 6,815 33,862 155.527 337 30.6 76.9 | 3.85 | 362 2,965
Lake Prairie |Christmas Prairie Cloney Gulch 20.716 5,123 21,517 127.380 280 28.8 | 71.8 | 3.58 | 309 2,485
Lake Prairie [Upper Redwood Cr High Prairie Cr 42.078 10,405 33,877 106.850 235 21.8 | 67.6 | 3.36 | 270 2,127
Lake Prairie |Upper Redwood Cr Bradford Creek 28.439 7,032 28,406 65.410 141 17.5 572 | 2.81 | 184 1,377
Lake Prairie {Upper Redwood Cr Twin Lakes Cr 37.055 9,162 29,793 45.150 98 14.2 50.4 | 2.46 | 138 992

Bankfull geometry based on Redwood Creek NCWAP field data and north coast regional curves developed by Rosgen and Kurz (2000).

Bankfull discharge based on north coast regional curves developed by Rosgen and Kurz (2000).
1. Bankfull width = 18.928*(Areasym)">**
2. Bankfull mean depth = 0.8737*(Areasym)”**%

3. Bankfull cross sectional area = 14.74*(Areasq.mi)
4. Bankfull discharge = 79.013*(Areasqm)” %

0.9024

Table FT 4. - Table showing characteristics of Calwater planning watersheds in Redwood Creek. Data include general geomorphic
characteristics such as size and perimeter and cumulative watershed characteristics such as upslope area and predicted channel
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dimensions and discharge at the downstream boundary of each planning watershed. Predicted channel characteristics were determined
from equations based on regional data from Rosgen and Kurz (2000) and measurements from DFG-NCWAP.
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Gradient in % Entire Subbasins
watershed Upper Middle Lower Prairie Cr Estuary

0-0.99%

Response 22.4 0.8 0.8 3.8 114 6.8
% of stream length 5.0 0.7 0.5 3.8 15.3 69.1
1-3.99%

Response 43.2 3.8 8.5 10.9 19.1 0.9
% of stream length 9.6 3.7 5.3 10.7 25.6 8.7
4-9.99% Transport 84.0 17.3 23.7 20.5 21.6 1.0
% of stream length 18.7 16.7 14.7 20.2 29.0 9.7
10-20% Transport 94.4 32.5 29.3 21.4 10.4 0.7
% of stream length 21.0 31.4 18.1 21.2 14.0 6.8
>20% Source 205.7 49.2 99.2 44.6 12.0 0.6
% of stream length 45.7 47.5 61.4 44 1 16.1 5.6
Total Length

(Miles) 449.7 103.7 161.6 101.3 74.5 9.8
% of watershed 100.0 23.1 35.9 22.5 16.6 2.2

Table FT 5. - Table showing the length (miles) and percent of stream reaches in source, transport and response categories in Redwood
Creek watershed. Data are from NCWAP analyses in ArcView GIS.
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Redwood Creek Gradients Miles Percent
<1% 51.05 75.75%
1to 4% 10.53 15.62%
4 to 20% 5.71 8.47%
>20% 0.00 0.17%
Total 67.40 100.00%

Tributary Gradients

<1% 10.94 2.92%
1to 4% 23.93 6.39%
4 to 20% 145.88 38.97%
>20% 193.56 51.71%
Total 374.31 100.00%

Prairie Creek Gradients

<1% 4.39 47.99%
1to 4% 4.50 49.15%
4 to 20% 0.26 2.86%
>20% 0.00 0.00%
Total 9.16 100.00%

Table FT 6. - Table showing the distribution of gradients along the main channels of Redwood and Prairie Creeks and other tributaries
to Redwood Creek. The other tributaries above Prairie Creek are dominated by steeper gradients.

241





JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG 6/20/03
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED ASSESSMENT

Planning Watershed 1984 (mi) 2000 (mi) CGS % Change
Name (Pwsname) Negative Stream Negative Stream Negative Stream
Features Features Features

Twin Lakes Cr 8.85 8.34 -5.7
Bradford Creek 5.18 0.94 -81.9
High Prairie Cr 2.56 2.29 -10.6
Cloney Gulch 6.63 0.73 -89.0
Noisy Creek 1.34 3.5 160.7
Windy Creek 3.88 1.01 -74.0
Lupton Creek 6.99 1.02 -85.4
Minor Creek 12.04 0.61 -94.9
Toss-Up Creek 6.59 3.15 -52.2
Upper Lacks Cr 1.74 0.64 -63.3
Lower Lacks Cr 3.58 1.46 -59.2
Roaring Gulch 3.58 1.71 -52.2
Panther Creek 2.29 0.25 -89.1
Coyote Creek 6.15 0.61 -90.1
Devil's Creek 0.28 0 -100.0
Copper Creek 8.56 2.53 -70.4
Bridge Creek 8.75 4.49 -48.7
Bond Creek 7.66 2.71 -64.6
McArthur Creek 2.50 5.96 138.8
Lost Man Creek 2.84 0.17 -94.0
May Creek 0.29 0.2 -31.5
Skunk Cabbage Cr 1.82 3.56 95.2

Table FT 7.- Table showing the length of negative stream features mapped by CGS from 1984 and2000 aerial photographs and the
percent of change in length for each planning watershed in Redwood Creek. Increases in stream disturbance occurred in Noisy,
McArthur, and Skunk Cabbage Creek planning watersheds; decreases occurred in the others.
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Streamside Landslides* Active Dormant |Total Near| Total Pt
(Point Slides) Landslides| Landslides | Deep Ls | Slides
Number of 1984 Pt. Slides 190 382 572 1138
Number of 2000 Pt. Slides 216 430 646 1091
% of Total 1984 Pt. Slides 16.7 33.6 50.3
% of Total 2000 Pt. Slides 19.8 394 59.2

*Including those within 100 m of streams below blue-line category
Table FT 8 a. — Table showing streamside landslides at selected distances from deep-seated, larger hillslope landslides.

Redwood Creek | Negative Sediment (m) at | % Negative Sediment (m) at Total
Subbasin Selected Distances from Selected Distances from Negative
Landslides Landslides Features by
Length
1984 | 1984 | 2000 | 2000 | 1984 | 1984 | 2000 | 2000
32ft [ 164 ft | 32ft | 164 ft| 32ft | 164 ft| 32ft | 164 ft | 1984 | 2000
PRAIRIECREEK | 1.36 | 1.36 | 0.17 | 0.17 | 43.5 | 43.5 | 46.3 | 46.3 | 3.13 | 0.37
ESTUARY 0.00 | 0.00 | 0.00 | 0.00 [ 0.0 0.0 0.0 0.0 1.82 | 3.56
LOWER 159911928 | 223 | 341 | 589 | 71.0 | 33.7 | 515 | 2717 | 6.62
SUBBASIN
MIDDLE 757 | 898 | 083 | 1.79 | 62.1 | 73.7 | 323 | 69.7 | 1218 | 2.57
SUBBASIN
UPPER 286 | 3.25 | 0.26 | 0.67 | 782 | 888 | 254 | 66.7 | 3.66 | 1.01
SUBBASIN

Table FT 8 b. - Table showing negative stream features such as lateral stream bars at selected distances from landslides. Between 1984 and
2000 the percentage of negative stream features that were near landslides decreased; the distance increased between elevated sediment and
landslides.
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Distance between Stream Disturbance and

Photo Year Active and Dormant Landslides Totals
33 ft 100 ft 164 ft 328 ft
1984, % features
by number 43.27 56.88 63.46 75.38 100
1984, % features
by length 54.63 64.59 68.11 77.83 100
2000, % features
by number 28.24 39.41 49.71 63.53 100
2000, % features
by length 47.14 55.04 60.57 68.41 100

Table FT 8 c. - -Table showing negative stream features such as lateral bars near areas of highest landslide potential. Between 1984 and 2000,
the percentage of negative stream features that were near landslides decreased.

Distance between Stream Disturbance and

Photo Year Landslide Potential 4 and 5 Totals
33 ft 100 ft 164 ft 328 ft
1984, % features
by number 82.26 94.34 96.94 98.47 100
1984, % features
by length 88.06 95.02 96.80 98.12 100
2000, % features
by number 50.88 75.00 83.24 90.00 100
2000, % features
by length 61.73 7717 83.43 88.74 100

Table FT 8 d. - Table showing negative stream features such as lateral stream bars near areas of highest landslide potential. Between
1984 and 2000 the percentage of negative stream features that were near landslides decreased.
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Table FT 9. - Table showing the number and density of active streamside landslides in each planning watershed (pws) in 1984 and 2000.

1984 # of 2000 # of
Active* Active*
Slides 1984 Slides
Redwood Creek Cal Area in Along Slide Along 2000 Slide

Watershed Name Acres Streams | Index** Streams Index**
Boat Creek 7,045 25 35 1 1
Bond Creek 8,200 44 54 72 88
Bradford Creek 7,032 42 60 45 64
Bridge Creek 15,056 55 37 53 35
Cloney Gulch 5,123 24 47 34 66
Copper Creek 10,028 107 107 63 63
Coyote Creek 7,683 74 96 74 96
Devil's Creek 4,407 0 0 18 41
High Prairie Creek 10,405 28 27 69 66
Lost Man Creek 12,704 86 68 12 9
Lower Lacks Creek 5,939 39 66 125 210
Lupton Creek 8,055 27 34 12 15
May Creek 11,243 6 5 5 4
McArthur Creek 6,814 43 63 54 79
Minor Creek 9,965 65 65 6 6
Noisy Creek 6,815 0 0 24 35
Panther Creek 9,751 31 32 52 53
Roaring Gulch 8,911 31 35 46 52
Skunk Cabbage Creek 4,855 26 54 13 27
Toss-up Creek 8,739 33 38 30 34
Twin Lakes Creek 9,162 155 169 175 191
Upper Lacks Creek 5,079 76 150 97 191
Windy Creek 4,835 25 52 18 37

* Active slides were reflective areas of bare unvegetated steep

ground identified during study of air photos at a scale of 1:24,000.
They have not been field checked.
** Slide index is an artificial way to compare slide density in
the Calwatersheds. It is (# slides/acres in calwatershed) X 10,000.
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Table FT 10. - List of channel cross section dimensions and drainage areas. Regional data from Rosgen and Kurz (2000, written
communication). Redwood Creek data from Madej (1999) and DFG/NCWAP.

Cross section Width | Mean Depth | X-sec Area | Drainage
Location Area Sq
Miles
Eel @ Scotia 565.0 18.5 10427 3113.00
Bull Creek 62.0 2.6 161 28.10
South Fork Eel 260.0 12.3 3200 537.00
Van Duzen 198.0 8.0 1580 222.00
Little 108.0 5.1 550 40.50
Mad 210.0 10.2 2150 485.00
Redwood 102.0 4.3 441 67.70
Redwood 60.0 2.2 132 201.93
Redwood 70.0 2.0 140 225.87
Redwood 110.0 1.9 209 233.59
Upper Bridge Cr 23.0 1.0 23 9.65
Bridge Creek Canyon 12.0 1.3 15.6 10.42
Lower Bridge Cr 15.0 1.2 18 11.58
Lost Man Cr 14.0 1.2 16.8 7.72
Beaver Creek 13.9 0.6 8 0.86
Beaver Creek 9.6 0.4 4 0.56
Boyes Creek 12.5 1.6 21 0.75
Bridge Creek 61.2 1.1 130 11.29
Brown Creek 15.9 1.4 45 1.41
Captain Creek 30.8 1.2 38 2.07]
Coyote Cr 464 34.1 1.4 47 7.86
Coyote Cr 1,583’ 44.0 1.0 44 7.86
Coyote Cr 10,409 32.3 2.9 94 3.99
Coyote Cr 3,990 36.6 4.0 146 6.14
Coyote Cr 5,021' 38.0 2.5 97 5.71
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Cross section Width | Mean Depth | X-sec Area | Drainage
Location Area Sq
Miles
Coyote Cr 6,387 58.0 3.1 182 5.71
Coyote Cr 8,714 44 .5 2.3 103 5.25
Dolly Varden Creek 21.2 0.7 15 3.36
Dolly Varden Creek 24.7 1.5 37 1.50
Elam Creek 15.8 1.1 18 2.51
Forty Four Creek 21.3 1.2 26 3.08
Garret Creek 37.3 1.7 62 3.89
Lacks Cr 1,002’ 43.0 24 106 17.12
Lacks Creek 11,697" 46.7 2.0 94 13.51
Lacks Creek 13,246’ 35.7 1.9 70 13.40
Lacks Creek 16,125' 371 3.1 116 11.31
Lacks Creek 23,169’ 40.0 3.7 147 7.99
Lacks Creek 4,022 49.3 3.6 180 16.51
Lacks Creek 7,263’ 46.7 3.9 196 14.70
Lacks Creek 9,219' 47 4 1.3 63 14.46
Lostman Creek 45.6 1.1 48 12.09
Lostman Creek 31.3 0.8 23 2.56
Lostman Creek 48.0 2.1 100 9.79
Lupton Creek 32.2 1.9 60 5.14
May Creek 12.0 0.6 7 1.78
Mill Creek 171 0.7 12 1.35
Mill Creek 134 0.7 10 1.35
Minon Creek 39.0 2.0 78 4.23
Minon Creek 27.0 1.0 27| 4.23
Minon Creek 22.5 14 32 2.90
Minor Creek 53.2 2.1 110 12.87
Minor Creek 47.8 2.7 130 12.50
Minor Creek 38.0 2.2 82 12.07
Minor Creek 30.2 2.0 62 8.51
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Cross section Width | Mean Depth | X-sec Area | Drainage
Location Area Sq
Miles

Molasses Creek 18.2 0.8 15 1.70
Panther Cr 1,515 241 04 8 5.95
Panther Cr 10,409' 19.5 0.9 18 2.15
Panther Cr 2,885' 32.5 2.6 84 5.59
Panther Cr 4,885 18.0 1.1 19 5.39
Pilchuck Creek 26.0 1.5 38 1.73
Prairie Creek 34.0 1.0 71 39.67
Prairie Creek 18.0 0.5 8 3.16
Redwood Creek 105.1 4.1 433 141.98
Redwood Creek 95.6 3.0 291 65.47
Redwood Creek 105.0 3.9 407 184.94
Redwood Creek 78.3 0.8 60 233.99
Redwood Creek 308.00 No Data No Data 220.08
Redwood Creek 392.00 No Data No Data 205.79
Sweathouse Creek 28.0 1.5 43 1.47
Toss-Up Creek 29.2 1.2 34 2.83
Toss-Up Creek 21.6 0.8 18 2.83
Toss-Up Creek 29.1 1.4 42 2.83
Wiregrass Creek 24.9 0.6 16 1.78
Lost Man Cr Trib 19.2 1.9 36 2.12

Cross section Width | Mean Depth | X-sec Area | Drainage

Location Area Sq
Miles

Data from NCWAP DFG field crews, unless in italics or underscored.
Data in italics from Rosgen and Kurz (2000)
Underscored data from Madej
(1999)
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Table FT 11.-List of the total length of stream disturbance features, by tributary, in each planning watershed in photo years 1984 and
2000.

Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Estuary Estuary |Johnson Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Skunk Cabbage Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Sand Cache Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
North Slough 174.730 0 573.3 0.0 0.11 0.00 0.8 0.0
39
Strawberry Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek 2239.29| 4748.760 7920.0| 16420.0 1.50 3.1 10.8 23.0
075 59
Total 2414.02| 4748.760 8493.3| 16420.0 1.61 3.11 11.7 23.0
114 59
Prairie Creek| May Creek |Brown Creek 469.582 0 1540.6 0.0 0.29 0.00 0.8 0.0
88
Boyes Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
May Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Girdwood Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Streelow Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Prairie Creek 0| 323.7294 0.0 1062.1 0.00 0.20 0.0 0.5
4
Total 469.582| 323.7294 1540.6| 1062.1 0.29 0.20 0.8 0.5
88 4
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Lost Man |Larry Damm Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Creek
Lost Man Creek 2188.98 0 7181.7 0.0 1.36 0.00 0.0 0.0
157
Little Lost Man Creek | 2375.70 0 7794.3 0.0 1.48 0.00 0.0 0.0
939
Unnamed trib to PC, 0| 279.2039 0.0 916.0 0.00 0.17 0.0 0.0
west side 1
Pairie Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Total 4564.69| 279.2039| 14976.0 916.0 2.84 0.17 0.0 0.0
096 1
Lower McArthur [Hayes Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek
Creek
unnamed trib, east 0| 580.0039 0.0 1902.9 0.00 0.36 0.0 2.5
side, south of Hayes
Cr
McArthur Creek 357.226| 374.6058 1172.0] 1229.0 0.22 0.23 1.5 1.6
4 4
Elam Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek 3159.58| 5282.133| 10370.0| 28450.0 1.96 5.39 13.6 22.8
06 89
Total 3516.80| 6236.743| 11542.0| 31581.9 2.19 5.98 15.1 26.9
7 63
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Bond Creek |Oscar Larson Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
East side trib 427.355 0 1402.1 0.0 0.27 0.00 1.4 0.0
unnamed, no blue line 58
Cloquet Creek 1514.47 0 4968.7 0.0 0.94 0.00 5.1 0.0
425
Bond Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Miller Creek 2764.79 0 9070.9 0.0 1.72 0.00 9.3 0.0
7
Forty-four Creek 2305.99| 360.2798 7565.6| 1182.0 1.43 0.22 7.8 1.2
542 8
Cole Creek 1013.18 3324 .1 0.0 0.63 0.00 3.4 0.0
331
Redwood Creek 4298.62| 3944.309| 14103.1| 12940.6 2.67 2.45 14.5 13.3
233 25
Total 12324.4| 4304.589| 40434.5| 14122.7 7.66 2.67 41.6 14.5
279 13
Bridge Creek |Tom McDonald Creek | 3782.37 0] 12409.4 0.0 2.35 0.00 5.3 0.0
614
Harry Wier/Emerald 1560.56 0 5120.0 0.0 0.97 0.00 2.2 0.0
Cr. 875
Bridge Creek 4357.29| 4587.483| 14295.6| 15050.8 2.71 2.85 6.1 6.4
885 76
Redwood Creek 3817.63| 2504.897| 12525.0/ 8218.2 2.37 1.56 53 3.5
121 3
Total 13517.8| 7092.381| 44350.0 23269.0 8.40 4.41 18.8 9.9
75 06
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Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Copper Creek|Dolason Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
G Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Airstrip Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Slide Creek 1562.14 0 5125.1 0.0 0.97 0.00 3.0 0.0
136
Maneza Creek 1236.05 0 4055.3 0.0 0.77 0.00 2.4 0.0
804
Copper Creek 1719.20| 1030.522 5640.4| 3381.0 1.07 0.64 3.3 2.0
139 74
Lyons Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Elf Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek 8786.10| 2953.018| 28825.8| 9688.4 5.46 1.83 16.7 5.6
686 36
Total 13303.5| 3983.541| 43646.7| 13069.4 8.27 2.48 25.3 7.6
077 1
Devils Creek |Devils Creek 452.726 0 1485.3 0.0 0.28 0.00 2.4 0.0
79
Total 452.726 0 1485.3 0.0 0.28 0.00 2.4 0.0
79
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Middle Coyote Creek [Unnamed east side trib| 242.266 0 794.8 0.0 0.15 0.00 0.7 0.0
Redwood 9
Creek
Coyote Creek 5637.44| 823.2012| 18495.5| 2700.8 3.50 0.51 16.9 25
251 1
Joplin Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Unnamed west side no| 167.313 0 548.9 0.0 0.10 0.00 0.5 0.0
blue line 85
Redwood Creek 3543.29| 164.3388| 11625.0 539.2 2.20 0.10 10.6 0.5
714 5
Total 9590.32| 987.5400| 31464.3| 3240.0 5.96 0.61 28.8 3.0
04 6
Panther |Panther Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Creek
Johnson Prairie Creek | 337.225 0 1106.4 0.0 0.21 0.00 0.8 0.0
03
Garrett Creek 143.785 0 471.7 0.0 0.09 0.00 0.3 0.0
73
Monroe Flat Creek 744.929 0 24440 0.0 0.46 0.00 1.8 0.0
77
George Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek 1944.68| 401.7708 6380.2| 1318.1 1.21 0.25 4.6 1.0
644 9
Total 3170.62| 401.7708| 10402.3| 1318.1 1.97 0.25 7.5 1.0
697 9
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Middle Roaring  |Stover Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Guich
Creek, cont.
Dolly Varden 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Lee Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Roaring Gulch 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Garcia Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Cashmere Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Beaver Creek 3241.61 0| 10635.2 0.0 2.01 0.00 6.7 0.0
194
Redwood Creek 2513.79| 2749.453 8247.4| 9020.5 1.56 1.71 5.2 5.7
708 45
Total 5755.40| 2749.453| 18882.6/ 9020.5 3.58 1.71 11.9 5.7
902 45
Lower Lacks |Lower Lacks Creek 5654.97| 2267.657| 18553.1| 7439.8 3.51 1.41 16.6 6.6
Creek 542 84
Total 5654.97| 2267.657| 18553.1| 7439.8 3.51 141 16.6 6.6
542 84
Upper Lacks |Upper Lacks Creek 2803.84| 1037.250 9199.0| 3403.1 1.74 0.64 10.8 4.0
Creek 718 39
Total 2803.84| 1037.250 9199.0| 3403.1 1.74 0.64 10.8 4.0
718 39
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Middle Toss-Up  |Pilchuck Creek 0| 526.6926 0.0 1728.0 0.00 0.33 0.0 1.3
Redwood Creek 8
Creek, cont.
Mill Creek 1425.24 0 4676.0 0.0 0.89 0.00 3.5 0.0
071
Molasses Creek 1906.42 0 6254.7 0.0 1.18 0.00 4.7 0.0
592
Unnamed east side trib| 778.152 0 2553.0 0.0 0.48 0.00 1.9 0.0
- no blue line 36
Toss-up Creek 0| 282.7451 0.0 927.6 0.00 0.18 0.0 0.7
6
June Creek 635.995 0 2086.6 0.0 0.40 0.00 1.6 0.0
04
Moon Creek 1612.84 0 5291.5 0.0 1.00 0.00 4.0 0.0
695
Unnamed east side trib| 1126.84 0 3697.0 0.0 0.70 0.00 2.8 0.0
- no blue line 584
Wiregrass Creek 220.366 0 723.0 0.0 0.14 0.00 0.5 0.0
23
Redwood Creek 2678.88| 3437.023 8789.0| 11276.3 1.66 2.14 6.7 8.5
972 04
Total 27302.4| 10856.27| 89574.8| 35617.7 16.96 6.75 67.8 27.0
08 734

255






JAMES FALLS, CEG, DAWN MCGUIRE, CEG, DALE DELL'OSSO, CEG
GEOLOGY AND GEOMORPHOLOGY FOR THE REDWOOD CREEK WATERSHED ASSESSMENT

6/20/03

Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Middle Minor Creek  [Minor Creek 18008.5 0| 59083.2 0.0 11.19 0.00 44.6 0.0
Redwood 704
Creek, cont.
Lion Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek 1362.98| 706.8880 4471.7 2319.2 0.85 0.44 3.4 1.8
738 8
Total 19371.5| 706.8880| 63555.0 2319.2 12.04 0.44 48.0 1.8
578 8
Lupton Creek |Santa Fe Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Greenpoint Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Sweathouse Creek 4331.23 0| 14210.1 0.0 2.69 0.00 14.5 0.0
769
Captain Creek 2953.38 0 9689.6 0.0 1.84 0.00 9.9 0.0
43
Lupton Creek 1992.70| 490.7193 6537.8| 1610.0 1.24 0.30 6.7 1.6
768 1
Redwood Creek 1829.29| 1150.043 6001.6| 3773.1 1.14 0.71 6.1 3.9
155 83
Total 11106.6| 1640.763| 36439.0| 5383.1 6.90 1.02 37.2 5.5
212 14
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Upper Windy Creek |Negro Joe Creek 1079.49 0 3541.7 0.0 0.67 0.00 5.3 0.0
Redwood 533
Creek
Fern Prairie Creek 478.570 0 1570.1 0.0 0.30 0.00 2.3 0.0
76
Christmas Prairie 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Creek
Windy Creek 1476.70 0 4844.8 0.0 0.92 0.00 7.2 0.0
73
Chicago Creek 165.409 0 542.7 0.0 0.10 0.00 0.8 0.0
84
Redwood Creek 1861.59| 794.5528 6107.6| 2606.8 1.16 0.49 9.1 3.9
273 5
Total 5061.77| 794.5528| 16606.9| 2606.8 3.15 0.49 24.7 3.9
596 5
Noisy Creek [Noisy Creek 1638.80| 5014.558 5376.7| 16452.0 1.02 3.12 5.6 17.0
483 17
Emmy Lou Creek 90.7464 0 297.7 0.0 0.06 0.00 0.3 0.0
6
Redwood Creek 431.469| 420.6351 1415.6| 1380.0 0.27 0.26 1.5 1.4
18 1
Total 2161.02| 5435.193 7090.0| 17832.0 1.34 3.38 7.3 18.4
047 28
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Upper Cloney Gulch |Cut-Off Meander 1690.55 0 5546.4 0.0 1.05 0.00 7.4 0.0
Redwood Creek 215
Creek, cont.
Unnamed west side no | 473.618 0 1553.9 0.0 0.29 0.00 21 0.0
blue line 78
Cold Spring Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Six Rivers 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Unnamed east side trib| 1671.86 0 5485.1 0.0 1.04 0.00 7.3 0.0
138
Ayres Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Redwood Creek 2935.15| 1015.410 9629.8| 33314 1.82 0.63 12.9 4.5
045 93
Total 6771.18| 1015.410{ 22215.2| 3331.4 4.21 0.63 29.7 4.5
276 93
High Prairie [Simon Creek 996.559 0 3269.6 0.0 0.62 0.00 2.2 0.0
Creek 84
High-Prairie Creek 1340.51| 1926.584 4398.0 6320.8 0.83 1.20 3.0 4.3
645 8
Minon Creek 0| 1512.830 0.0 49634 0.00 0.94 0.0 3.4
69
Lake Prairie Creek 730.354 0 2396.2 0.0 0.45 0.00 1.6 0.0
88
Redwood Creek 937.541| 80.19155 3075.9 263.1 0.58 0.05 2.1 0.2
74
Total 4004.97| 3519.607| 13139.7| 11547.3 2.49 2.19 9.0 7.9
291 04
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Upper Bradford |Upper Panther Creek | 1706.84 0 5599.9 0.0 1.06 0.00 51 0.0
Redwood Creek 923
Creek, cont.
Bradford Creek 4277.03| 846.3695| 14032.3| 2776.8 2.66 0.53 12.8 25
379 6
Pardee Creek 733.839| 612.8061 2407.6| 2010.5 0.46 0.38 2.2 1.8
4 6
Redwood Creek 1171.67 0 3844.1 0.0 0.73 0.00 3.5 0.0
325
Total 7889.39| 1459.175| 25883.8| 4787.3 4.90 0.91 23.5 4.4
567 72
Twin Lakes |Debris Torrent Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Creek
Last Gasp Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Marquette Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Timbo Creek 0| 217.3472 0.0 713.1 0.00 0.14 0.0 0.5
5
Powerline Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Snow Camp Creek 724.066| 2707.213 2375.5| 8881.9 0.45 1.68 1.5 5.7
58 93
Smokehouse Creek 0 0 0.0 0.0 0.00 0.00 0.0 0.0
Twin Lakes Creek 1850.25| 2644.706 6070.4| 8676.9 1.15 1.64 3.9 5.6
427 66
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Subbasin Planning Creek Name Stream Stream Stream Disturbance Stream
Watershed Disturbance (m) Disturbance (ft) (mi) Disturbance (%)
1984 2000 1984 2000 1984 2000 1984 2000
Upper Twin Lakes |Trib south of TLC 744.766 0 2443.5 0.0 0.46 0.00 1.6 0.0
Redwood | Creek, cont. 55
Creek, cont.
Trib two south of TLC | 770.465 0 2527.8 0.0 0.48 0.00 1.6 0.0
41
Lineament Creek 0| 264.9731 0.0 869.3 0.00 0.16 0.0 0.6
5
Unnamed, no blue line | 308.239 0 1011.3 0.0 0.19 0.00 0.6 0.0
2
Redwood Creek 8183.73| 7592.735| 26849.5| 24910.5 5.09 4.72 17.2 15.9
032 14
Total 12581.5| 13426.97| 41278.0 44051.8 7.82 8.34 26.4 28.2
223 613
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This document was developed and completed by Stephanie O'Meara (Colorado State University) for
the NPS Geologic Resources Division (GRD) Geologic Resources Inventory (GRI) Program. Quality
control of this document by Ron Karpilo (Colorado State University). The initial version of this
document was produced by Greg Mack (NPS Pacific West Region) and Stephanie O'Meara.

The information in this document was compiled from GRI source maps, and is intended to accompany
the digital geologic-GIS maps and other digital data for Redwood National Park, California (REDW)
developed by Greg Mack and Stephanie O'Meara (see the GRI Digital Maps and Source Map Citations
section of this document for all sources used by the GRI in the completion of this document and
related GRI digital geologic-GIS maps).

GRI finalization by Stephanie O'Meara.

GRI program coordination and scoping provided by Bruce Heise, Jason Kenworthy and Tim Connors
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