
Coastal Watershed Planning and Assessment Program 
 

SF EEL RIVER BASIN ASSESSMENT REPORT   i  NORTHERN SUBBASIN 

SF	Eel	River	Northern	Subbasin	

Table	of	Contents	
Introduction ........................................................................................................................................................ 1 

Hydrology .......................................................................................................................................................... 3 

Floods .............................................................................................................................................................. 9 

Dams, Diversions, and Hydrologic Disturbances ........................................................................................... 9 

Geology ............................................................................................................................................................ 11 

Bedrock ......................................................................................................................................................... 11 

The Yager Terrane ..................................................................................................................................... 11 

Central Belt Mélange ................................................................................................................................. 14 

Central Belt Sandstone ............................................................................................................................... 14 

Wildcat Group ............................................................................................................................................ 15 

Quaternary Landslides................................................................................................................................ 15 

Alluvium .................................................................................................................................................... 15 

River Terrace Deposits ............................................................................................................................... 15 

Del Puerto Terrane ..................................................................................................................................... 16 

Coastal Terrane .......................................................................................................................................... 16 

Faults, Folds, and Shear Zones ..................................................................................................................... 16 

The Mendocino Triple Junction ................................................................................................................. 17 

Coastal Belt Thrust ..................................................................................................................................... 18 

Garberville Fault Zone ............................................................................................................................... 18 

Uplift ............................................................................................................................................................. 18 

Earthquakes ................................................................................................................................................... 18 

Landslides and Erosion ................................................................................................................................. 19 

Fluvial Geomorphology ................................................................................................................................... 20 

Sediment Transport ....................................................................................................................................... 20 



Coastal Watershed Planning and Assessment Program 
 

SF EEL RIVER BASIN ASSESSMENT REPORT   ii  NORTHERN SUBBASIN 

Bull Creek ................................................................................................................................................... 21 

Knickzones .................................................................................................................................................... 21 

Channel Type ................................................................................................................................................ 22 

Stream Channel Geometry ............................................................................................................................ 24 

Longitudinal Stream Profiles ...................................................................................................................... 24 

Soils .................................................................................................................................................................. 25 

Vegetation ........................................................................................................................................................ 30 

Fire ................................................................................................................................................................... 33 

Land and Resource Use .................................................................................................................................... 39 

Historic Land Use .......................................................................................................................................... 39 

Current Land and Resource Use .................................................................................................................... 40 

Open Space/Parks ....................................................................................................................................... 41 

Timber Production ...................................................................................................................................... 41 

Residential .................................................................................................................................................. 46 

Grazing/Timber .......................................................................................................................................... 48 

Roads ............................................................................................................................................................. 48 

Gravel Mining ............................................................................................................................................... 51 

Water Use: Diversions, Dams, and Hydrologic Disturbances ...................................................................... 51 

Diversions ................................................................................................................................................... 51 

Dams ........................................................................................................................................................... 51 

Water Drafting for Dust Abatement ........................................................................................................... 52 

Industrial Marijuana Agriculture ................................................................................................................ 53 

Fish Habitat Relationship ................................................................................................................................. 61 

Fishery Resources ......................................................................................................................................... 61 

Historical Distribution ................................................................................................................................ 61 

Current Distribution ................................................................................................................................... 67 

CDFW Spawning Ground Surveys ............................................................................................................... 69 

Index Reach Sampling ................................................................................................................................ 69 



Coastal Watershed Planning and Assessment Program 
 

SF EEL RIVER BASIN ASSESSMENT REPORT   iii  NORTHERN SUBBASIN 

California Coastal Salmonid Monitoring Program (CMP) ........................................................................ 71 

Habitat Overview ............................................................................................................................................. 74 

Historic Conditions ....................................................................................................................................... 74 

Current Conditions ........................................................................................................................................ 82 

Overall Habitat Suitability ............................................................................................................................ 84 

Canopy Density ............................................................................................................................................. 87 

Pool Depth..................................................................................................................................................... 91 

Pool Shelter ................................................................................................................................................... 93 

Substrate Embeddedness ............................................................................................................................... 95 

LWD ............................................................................................................................................................. 98 

Pool-Riffle Ratio ........................................................................................................................................... 99 

Water Quality ................................................................................................................................................... 99 

Water Temperature ....................................................................................................................................... 99 

Flow ............................................................................................................................................................ 104 

Water Diversion and Voluntary Conservation ......................................................................................... 106 

Water Chemistry ......................................................................................................................................... 107 

Sediment ................................................................................................................................................... 107 

Nutrients ................................................................................................................................................... 109 

Aquatic Invertebrates ............................................................................................................................... 109 

Blue-Green Algae Blooms ....................................................................................................................... 110 

Fish Passage Barriers .................................................................................................................................. 111 

Habitat Conclusions ....................................................................................................................................... 115 

Overall Suitability ....................................................................................................................................... 115 

Restoration Projects .................................................................................................................................... 117 

Integrated Analysis ........................................................................................................................................ 119 

Analysis of Tributary Recommendations .................................................................................................... 119 

Refugia Areas .............................................................................................................................................. 123 

Key Subbasin Issues ...................................................................................................................................... 125 



Coastal Watershed Planning and Assessment Program 
 

SF EEL RIVER BASIN ASSESSMENT REPORT   iv  NORTHERN SUBBASIN 

Responses to Assessment Questions .............................................................................................................. 125 

Subbasin Conclusions .................................................................................................................................... 131 

 

Table	of	Figures	

FIGURE 1.  CANOE CREEK, FLOWING THROUGH MIXED CONIFER AND HARDWOOD FOREST IN HUMBOLDT REDWOODS 

STATE PARK, LOCATED IN THE SF EEL RIVER NORTHERN SUBBASIN. ................................................................................. 1 
FIGURE 2.  SOUTH FORK EEL RIVER AND NORTHERN, EASTERN, AND WESTERN SUBBASINS. ............................................. 2 
FIGURE 3.  CALWATER PLANNING WATERSHEDS IN THE SF EEL RIVER NORTHERN SUBBASIN. ........................................... 4 
FIGURE 4.  SF EEL RIVER NORTHERN SUBBASIN STREAMS. ................................................................................................. 5 
FIGURE 5.  AVERAGE ANNUAL DISCHARGE AT THE MIRANDA (TOP) AND BULL CREEK (BOTTOM) GAUGES, LOCATED IN 

THE SF EEL RIVER NORTHERN SUBBASIN. ........................................................................................................................... 8 
FIGURE 6.  GEOLOGIC MAP OF THE NORTHERN SUBBASIN. ................................................................................................. 12 
FIGURE 7.  PSEUDO-AERIAL-OBLIQUE OF SALMON CREEK EARTHFLOW 2011. ................................................................... 20 
FIGURE 8.  SALMON CREEK EARTHFLOW 2011.  VIEW IS FROM THE EARTHFLOW LOOKING WEST, ACROSS THE STREAM TO 

THE YAGER TERRANE. ....................................................................................................................................................... 20 
FIGURE 9.  ILLUSTRATION OF CHANNEL TYPES A-G (ROSGEN 1996, COURTESY OF WILDLAND HYDROLOGY). ................. 22 
FIGURE 10.  BASIC CHANNEL PROFILE SHAPES. .................................................................................................................. 24 
FIGURE 11.  LONGITUDINAL STREAM PROFILES OF SF EEL RIVER NORTHERN SUBBASIN STREAMS. .................................. 25 
FIGURE 12.  SOILS MAP OF THE NORTHERN SUBBASIN. ...................................................................................................... 27 
FIGURE 13.  VEGETATION MAP OF THE NORTHERN SUBBASIN ........................................................................................... 31 
FIGURE 14.  SF EEL RIVER NORTHERN SUBBASIN FIRE HISTORY, WITH TOTAL SQUARE MILEAGE BURNED WITHIN EACH 

TIME PERIOD. ...................................................................................................................................................................... 34 
FIGURE 15 A, B.  CHILDREN’S FOREST BRIDGE IN OLD GROWTH AREA OF HUMBOLDT REDWOODS STATE PARK BEFORE 

(LEFT (A)) AND AFTER (RIGHT (B)) THE CANOE FIRE IN 2003 (PHOTOS COURTESY OF DAVE STOCKTON, CA STATE 

PARKS). .............................................................................................................................................................................. 35 
FIGURE 16.  SF EEL RIVER NORTHERN SUBBASIN FIRE THREAT, WITH PERCENTAGE OF TOTAL BASIN AREA IN EACH 

THREAT CATEGORY. ........................................................................................................................................................... 37 
FIGURE 17.  CONFIRMED (RED) AND REPORTED (YELLOW) CASES OF SUDDEN OAK DEATH (SOD) IN THE SF EEL RIVER 

BASIN, FROM OAK MAPPER WEBSITE (ACCESSED 2/27/2014).  CONFIRMED LOCATIONS IN THE NORTHERN CLUSTER OF 

DOTS ARE LOCATED WITHIN NORTHERN SUBBASIN BOUNDARIES. ..................................................................................... 38 
FIGURE 18.  EARLY TANBARK HARVEST (PHOTO COURTESY OF HUMBOLDT STATE UNIVERSITY)...................................... 39 
FIGURE 19.  BEE CREEK MILL IN BULL CREEK DRAINAGE (PHOTO COURTESY OF HUMBOLDT REDWOODS STATE PARK). 40 
FIGURE 20.  SQUAW CREEK, A TRIBUTARY TO BULL CREEK, LOCATED IN HUMBOLDT REDWOODS STATE PARK. ............. 41 
FIGURE 21.  LAND USE IN THE NORTHERN SUBBASIN OF THE SF EEL RIVER BASIN ........................................................... 42 
FIGURE 22.  TIMBER HARVEST (NTOS AND THPS) BETWEEN 1995 AND 2012 IN THE SF EEL RIVER WESTERN SUBBASIN.
 ........................................................................................................................................................................................... 44 
FIGURE 23.  TIMBER HARVEST ACTIVITY BY SILVICULTURAL METHOD IN THE SF EEL RIVER NORTHERN SUBBASIN. ....... 45 
FIGURE 24.  ROADS IN THE SF EEL RIVER NORTHERN SUBBASIN. ..................................................................................... 50 
FIGURE 25.  MARIJUANA CULTIVATION OPERATIONS FROM SATELLITE IMAGES, WITH ESTIMATED TOTAL WATER USE BY 

CULTIVATION TYPE IN SALMON CREEK BASIN, SF EEL RIVER (COURTESY OF SCOTT BAUER, CDFW 2013). .................... 55 
FIGURE 26.  MARIJUANA CULTIVATION OPERATIONS FROM SATELLITE IMAGES, WITH ESTIMATED TOTAL WATER USE BY 

CULTIVATION TYPE IN REDWOOD CREEK BASIN, SF EEL RIVER (COURTESY OF SCOTT BAUER, CDFW 2013). ................. 56 
FIGURE 27.  USGS GAUGING STATION NEAR MIRANDA SHOWING 2011 THROUGH 2014 DAILY MEAN DISCHARGE (IN CFS) 

AND THE MEAN DAILY STATISTIC (73-YEAR AVERAGE IN CFS). .......................................................................................... 57 
FIGURE 28.  USGS GAUGING STATION NEAR LEGETT SHOWING 2011 THROUGH 2014 DAILY MEAN DISCHARGE (IN CFS) 

AND THE MEAN DAILY STATISTIC (40-YEAR AVERAGE IN CFS). .......................................................................................... 58 
FIGURE 29.  USGS GAUGING STATION AT BULL CREEK SHOWING 2011 THROUGH 2014 DAILY MEAN DISCHARGE (IN CFS) 

AND THE MEAN DAILY STATISTIC (52-YEAR AVERAGE IN CFS). .......................................................................................... 58 
FIGURE 30.  COUNTS OF MIGRATING CHINOOK SALMON, COHO SALMON, AND STEELHEAD AT THE BENBOW DAM FISH 

LADDER BETWEEN 1938 AND 1976.  REGRESSION LINES FOR ALL THREE SPECIES SHOW DECLINES OVER TIME. ................. 67 



Coastal Watershed Planning and Assessment Program 
 

SF EEL RIVER BASIN ASSESSMENT REPORT   v  NORTHERN SUBBASIN 

FIGURE 31. DISTRIBUTION OF CHINOOK SALMON, COHO SALMON, AND STEELHEAD TROUT IN SF EEL RIVER NORTHERN 

SUBBASIN STREAMS. ......................................................................................................................................................... 70 
FIGURE 32.  LOCATION OF 2010-2014 CMP SPAWNING REACHES IN THE SF EEL RIVER BASIN. ....................................... 72 
FIGURE 33.  OVERALL HABITAT SUITABILITY IN SF EEL RIVER NORTHERN SUBBASIN STREAMS, AS DETERMINED BY THE 

EMDS-BASED ANALYSIS USING DATA FROM TWO SAMPLING PERIODS: 1990-1999 AND 2000-2010. ................................ 86 
FIGURE 34A, B. CANOPY DENSITY IN THE NORTHERN SUBBASIN USING DATA COLLECTED FROM 1990-1999 (A) AND 

2000-2010 (B); N = NUMBER OF STREAMS SURVEYED. ...................................................................................................... 87 
FIGURE 35. CANOPY DENSITY SUITABILITY FOR NORTHERN SUBBASIN STREAMS, AS DETERMINED BY THE EMDS-BASED 

ANALYSIS USING DATA FROM TWO SAMPLING DECADES: 1990-1999 AND 2000-2010. ...................................................... 89 
FIGURE 36.  PERCENT OF SURVEYED HABITAT IN PRIMARY POOLS IN THE NORTHERN SUBBASIN, USING DATA COLLECTED 

FROM 1990-1999 AND 2000-2010 (N = NUMBER OF STREAM REACHES). ........................................................................... 91 
FIGURE 37.  POOL DEPTH SUITABILITY IN SF EEL RIVER NORTHERN SUBBASIN STREAMS, AS DETERMINED BY THE EMDS-
BASED ANALYSIS USING DATA COLLECTED BETWEEN 1990 AND 1999, AND 2000 AND 2010. ............................................ 92 
FIGURE 38. POOL SHELTER SUITABILITY FOR NORTHERN SUBBASIN STREAMS, AS DETERMINED BY THE EMDS-BASED 

ANALYSIS USING DATA COLLECTED BETWEEN 1990 AND 1999, AND 2000 AND 2010. ....................................................... 94 
FIGURE 39.  COBBLE EMBEDDEDNESS IN THE NORTHERN SUBBASIN, USING DATA COLLECTED FROM 1990-1999 AND 

2000-2010. ........................................................................................................................................................................ 95 
FIGURE 40.  EMBEDDEDNESS SUITABILITY IN NORTHERN SUBBASIN STREAMS, AS DETERMINED BY THE EMDS-BASED 

ANALYSIS USING DATA COLLECTED DURING BETWEEN 1990 AND 1999, AND 2000 AND 2010. .......................................... 97 
FIGURE 41.  LOCATIONS OF TEMPERATURE MONITORING SITES IN THE SF EEL RIVER NORTHERN SUBBASIN 

(FRIEDRICHSEN 2003). .................................................................................................................................................... 100 
FIGURE 42.  NUMBER OF SITES IN EACH SUITABILITY RATING CATEGORY FOR MWATS COLLECTED FROM 1999-2003 

(N=31; 30 TRIBUTARY AND 1 MIANSTEM SITES) IN SF EEL RIVER NORTHERN SUBBASIN STREAMS (DATA FROM 

FRIEDRICHSEN 2003). ...................................................................................................................................................... 102 
FIGURE 43.  DAILY AVERAGE TEMPERATURES (DEGREES F) FROM JULY 3 THROUGH SEPTEMBER 24, 2013, RECORDED AT 7 

SAMPLING LOCATIONS IN THE EEL RIVER BASIN.  DATA AND GRAPH PROVIDED BY KEITH BOUMA-GREGSON (UC 

BERKELEY, 2014).  ANG = ANGELO RESERVE; FB = FERNBRIDGE; MS = MAINSTEM OUTLET CREEK; PV = 

PHILLIPSVILLE; RG = RICHARDSON GROVE; SH = STANDISH-HICKEY SRA; VAND = VAN DUZEN RIVER. ................... 103 
FIGURE 44.  DAILY MEAN DISCHARGE (IN CFS) AND MEAN DAILY DISCHARGE (73-YEAR AVERAGE IN CFS) FOR USGS 

GAUGING STATION AT SF EEL RIVER NEAR MIRANDA, SHOWING 2011-2014 DATA. ....................................................... 104 
FIGURE 45.  DAILY MEAN DISCHARGE (IN CFS) AND MEAN DAILY DISCHARGE (52 YEAR AVERAGE IN CFS) FOR USGS 

GAUGING STATION AT BULL CREEK, SHOWING 2011-2014 DATA. ................................................................................... 105 
FIGURE 46 A, B.  VIEW OF SALMON CREEK FROM MAPLE HILLS ROAD BRIDGE (RM 0.15) ON 8/27/2013 (LEFT (A)) AND 

ON 9/19/2013 (RIGHT (B)).  WHILE FLOW WAS DIMINISHED, THE STREAM CHANNEL WAS CONNECTED IN AUGUST; 
HOWEVER, WHEN FIELD CREWS RETURNED THREE WEEKS LATER ONLY ONE ISOLATED POOL WAS PRESENT BELOW THE 

BRIDGE. ........................................................................................................................................................................... 106 
FIGURE 47.  CLADOPHORA IN ELDER CREEK, JUNE 2013 (PHOTO COURTESY OF ERRP). ................................................ 110 
FIGURE 48.  EXAMPLE OF TOTAL CULVERT BARRIER IN FEESE CREEK. ............................................................................ 112 
FIGURE 49.  FISH PASSAGE BARRIERS IN THE SF EEL RIVER NORTHERN SUBBASIN. ....................................................... 113 
FIGURE 50 A, B.  THIRTY FOOT BEDROCK WATERFALL BARRIER ON UPPER SALMON CREEK (LEFT (A)) AND HOUSE SIZED 

BOULDER CREATING A 20’ WATERFALL BARRIER (RIGHT (B)) TO FISH PASSAGE ON OHMAN CREEK, 450 METERS 

UPSTREAM OF THE CONFLUENCE WITH THE SOUTH FORK EEL RIVER. ............................................................................. 114 
FIGURE 51. RESTORATION PROJECTS COMPLETED BETWEEN 1982 AND 2013 IN THE NORTHERN SUBBASIN. .................. 118 
FIGURE 52.  RECOMMENDATION TARGET ISSUES BY STREAM MILES FOR THE NORTHERN SUBBASIN. ............................. 123 
FIGURE 53.  REFUGIA CATEGORIES IN SF EEL RIVER NORTHERN SUBBASIN STREAMS. ................................................... 124 

List	of	Tables	

TABLE 1.  ATTRIBUTES OF THE SF EEL RIVER NORTHERN SUBBASIN. ................................................................................ 1 
TABLE 2.  NORTHERN SUBBASIN TRIBUTARIES AND STATISTICS (INT. = INTERMITTENT STREAM). ...................................... 6 
TABLE 3.  FLOOD DATES AND DISCHARGES AT USGS MIRANDA GAUGE. ............................................................................ 9 
TABLE 4.  GEOLOGIC FORMATIONS AND UNIT DESCRIPTIONS IN THE SF EEL RIVER NORTHERN SUBBASIN (MA = MILLIONS 

OF YEARS BEFORE THE PRESENT). ...................................................................................................................................... 13 



Coastal Watershed Planning and Assessment Program 
 

SF EEL RIVER BASIN ASSESSMENT REPORT   vi  NORTHERN SUBBASIN 

TABLE 5.  NORTHERN SUBBASIN FAULT DESCRIPTIONS (M = MAGNITUDE; R. INT. = RECURRENCE INTERVAL). ................ 17 
TABLE 6.  SIGNIFICANT EARTHQUAKES NEAR THE SF EEL RIVER. ..................................................................................... 19 
TABLE 7.  SURVEYED CHANNEL TYPES BY PERCENT OF SUBBASIN ..................................................................................... 22 
TABLE 8. SURVEYED CHANNEL TYPES OF THE NORTHERN SUBBASIN BY STREAM REACH. ................................................ 23 
TABLE 9. NORTHERN SUBBASIN SOIL DESCRIPTIONS. ......................................................................................................... 28 
TABLE 10. VEGETATION OF THE NORTHERN SUBBASIN (USFS CALVEG). ...................................................................... 32 
TABLE 11  FOUR PRINCIPAL LAND USES IN THE NORTHERN SUBBASIN. .............................................................................. 40 
TABLE 12.  TIMBER HARVEST BY PLAN TYPE (THP OR NTO) FOR SOUTH FORK EEL NORTHERN SUBBASIN (DATA FROM 

CALFIRE 2012). ................................................................................................................................................................. 43 
TABLE 13.  WATER AND WASTEWATER SERVICE PROVIDERS IN THE SF EEL RIVER NORTHERN SUBBASIN (FROM 

HUMBOLDT COUNTY GENERAL PLAN UPDATE DRAFT EIR 2012). .................................................................................... 47 
TABLE 14.  WATER RIGHTS IN THE NORTHERN SUBBASIN OF THE SF EEL RIVER BASIN (WRIMS 2012). ......................... 52 
TABLE 15.  POLLUTANTS ASSOCIATED WITH MARIJUANA GROWS AND THEIR EFFECTS ON FISH AND WILDLIFE (ADAPTED 

FROM GREACEN 2012). ...................................................................................................................................................... 60 
TABLE 16. DOCUMENTED FISH PRESENCE IN SURVEYS FROM 1938 TO 2001 IN THE NORTHERN SUBBASIN. ....................... 61 
TABLE 17.  NUMBER OF TRIBUTARY STREAMS AND APPROXIMATE NUMBER OF STREAM MILES CURRENTLY OCCUPIED BY 

ANADROMOUS SALMONIDS IN SF EEL RIVER BASIN AND SUBBASINS. ................................................................................ 68 
TABLE 18.  INDEX REACH SAMPLING STREAMS AND SURVEY INFORMATION FOR NORTHERN SUBBASIN STREAMS SAMPLED 

BETWEEN 2002AND 2012. .................................................................................................................................................. 69 
TABLE 19.  SUMMARY OF CMP REGIONAL SPAWNING GROUND SURVEYS AND ESTIMATES OF TOTAL SALMONID REDD 

CONSTRUCTION IN THE SF EEL RIVER (DATA FROM RICKER ET AL. 2014A - 2014D).  UI = UNIDENTIFIED SALMONIDS. ..... 71 
TABLE 20. HABITAT OBSERVATIONS MADE IN THE SF EEL RIVER NORTHERN SUBBASIN FROM 1938-1990 (ND = SITE 

VISIT BUT NO DATA RECORDED). ........................................................................................................................................ 75 
TABLE 21.  SUMMARY OF CDFW HABITAT INVENTORY DATA USED IN ANALYSIS FOR STREAMS IN THE SF EEL RIVER 

NORTHERN SUBBASIN, AND ASSOCIATED TARGET VALUES.  AVERAGES ARE WEIGHTED BY STREAM LENGTH SURVEYED. 83 
TABLE 22. OVERALL SUITABILITY SCORES AND SUITABILITY SCORES BY FACTOR IN SF EEL RIVER NORTHERN SUBBASIN 

STREAMS DURING TWO SAMPLING PERIODS: 1990-1999 AND 2000-2010. .......................................................................... 84 
TABLE 23.  THE RELATIVE PERCENTAGE OF CONIFEROUS, DECIDUOUS, AND OPEN CANOPY COVERING SURVEYED STREAMS 

IN THE NORTHERN SUBBASIN. ............................................................................................................................................ 90 
TABLE 24.  DOMINANT POOL SHELTER TYPE BY NUMBER OF REACHES SURVEYED IN NORTHERN SUBBASIN STREAMS. ..... 98 
TABLE 25.  TOTAL LENGTH OF POOL HABITAT AND AVERAGE PERCENT SHELTER FROM LWD IN NORTHERN SUBBASIN 

STREAMS USING DATA COLLECTED DURING TWO TIME PERIODS: 1990-1999 AND 2000-2010. ........................................... 98 
TABLE 26.  PERCENT POOL AND RIFFLE HABITAT, AND POOL RIFFLE RATIOS FOR NORTHERN SUBBASIN STREAMS (FROM 

HABITAT TYPING DATA COLLECTED BETWEEN 1990 AND 1999, AND 2000 AND 2010). ...................................................... 99 
TABLE 27.  CWPAP-DEFINED SALMONID HABITAT QUALITY RATINGS FOR MWATS. ..................................................... 101 
TABLE 28.  MAXIMUM WEEKLY AVERAGE TEMPERATURES (MWATS) AND RANGES COLLECTED IN SF EEL RIVER 

NORTHERN SUBBASIN TRIBUTARIES FROM 1999-2003 (DATA FROM FRIEDRICHSEN 2003). ............................................. 101 
TABLE 29.  USEPA SEDIMENT INDICATORS AND TARGETS FOR THE SF EEL RIVER BASIN (USEPA 1999). ..................... 108 
TABLE 30.  USEPA BASINWIDE ESTIMATES OF SEDIMENT SOURCES FOR THE SF EEL RIVER WATERSHED FROM 1981-1996 

(USEPA 1999). ................................................................................................................................................................ 108 
TABLE 31.  EMDS-BASED ANADROMOUS REACH CONDITION MODEL SUITABILITY RESULTS FOR FACTORS IN NORTHERN 

SUBBASIN STREAMS (ND = NO DATA AVAILABLE). .......................................................................................................... 116 
TABLE 32.  NORTHERN SUBBASIN RESTORATION PROJECT TYPE AND FUNDING (1982 TO 2013). ..................................... 117 
TABLE 33.  OCCURRENCE OF STREAM HABITAT INVENTORY RECOMMENDATIONS FOR STREAMS OF THE NORTHERN 

SUBBASIN......................................................................................................................................................................... 120 
TABLE 34.  TOP FIVE RANKING RECOMMENDATION CATEGORIES BY NUMBER OF TRIBUTARIES IN THE NORTHERN 

SUBBASIN......................................................................................................................................................................... 122 



Coastal Watershed Planning and Assessment Program 

SF EEL RIVER BASIN ASSESSMENT REPORT     1     NORTHERN SUBBASIN 

Northern	Subbasin	

Introduction	

The Northern Subbasin of the South Fork (SF) Eel 
River Basin is the smallest of the three subbasins, 
covering an area of 149 square miles, or 22% of the 
total basin area (Table 1).  This subbasin includes 
the drainage area south of the South Fork Eel River 
from its confluence with the Eel River (RM 0) to the 
confluence with Ohman Creek (RM 22.9) and is 
located entirely in Humboldt County.  The subbasin 
includes 23 miles of the SF Eel River mainstem and 
190 miles of tributary stream (116 miles of perennial 
or blue line stream, and 74 miles of intermittent 
stream).  The largest towns in the subbasin, located 
along the mainstem SF Eel River, are Weott, Myer’s 
Flat, Miranda, and Phillipsville.  

Most of the land in the northern part of the subbasin 
is owned by the CA State Parks, and in the southern 
and eastern parts of the subbasin, the primary land 
uses are residential and timber production.  The 
dominant vegetation type is mixed conifer and 
hardwood forest (Figure 1). 

This Subbasin is characterized by a forested 
landscape of rugged, steep, sharp-crested ridges and 
narrow stream valleys.  Stream elevations range 
from approximately 85 feet at the confluence to 
approximately 3,200 feet in the headwaters of the 
tributaries.  The climate is dominated by the coastal 
marine layer, giving this area mild, foggy summers 
and wet winters. 

Large tributaries with documented salmonid 
distribution in this subbasin include the Bull Creek 
drainage in the north and the Salmon Creek drainage 
in the south.  Coho and Chinook salmon, and 
steelhead trout have been documented in Northern 
Subbasin streams. 

General attributes of this subbasin are listed in Table 
1.  Figure 2 is a map of the Northern Subbasin 
location in relation to other subbasins within the SF 
Eel River watershed. 

Table 1.  Attributes of the SF Eel River Northern 
Subbasin. 

 

 
Figure 1.  Canoe Creek, flowing through mixed conifer 
and hardwood forest in Humboldt Redwoods State Park, 
located in the SF Eel River Northern Subbasin. 

 

Area (square miles) 149

Privately Owned (square miles) 71

Publicly Owned (square miles) 78

Principal Land Use Open space/parks 

Primary Vegetation Type
Mixed conifer and 
hardwood forest

Mainstem Miles 22.9 (RM 0-22.9)

Tributary Miles 190

Total Stream Miles 213

Low Elevation (feet) 85

High Elevation (feet) 3,200
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Figure 2.  South Fork Eel River and Northern, Eastern, and Western Subbasins. 
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Hydrology	
The Northern Subbasin is made up of eight 
CalWater Units: North Fork Bull Creek, Upper Bull 
Creek, Decker Creek, Canoe Creek, Elk Creek, 
Headwaters Salmon Creek, South Fork Salmon 
Creek, and Ohman Creek (Figure 3). There are 46 
named and 62 unnamed tributaries with more than 
130 perennial and 75 intermittent stream miles in 
this subbasin (Figure 4). The mainstem SF Eel River 
is a fifth order stream using the Strahler (1964) 
classification, and the tributaries are first through 
fourth order streams. Stream drainage areas in this 
subbasin range from less than one square mile to 42 
square miles (Table 2).  Bull Creek is the largest 
tributary to the SF Eel River in the Northern 
Subbasin with a drainage area of approximately 42 
square miles and a stream length of 15 miles.  
Salmon Creek, in the southern part of the subbasin, 
is the second largest tributary, with a drainage area 
of 37 square miles and a stream length of almost 13 
miles. 

The Northern Subbasin has the highest amount of 
average annual precipitation in the South Fork Eel 
River basin, ranging from 60 inches near Miranda 
and Phillipsville to 115 inches in the headwaters of 
the Bull Creek drainage.  Approximately 70 percent 
of this precipitation occurs from November to March 
and generates significant runoff during this five 
month period. 

Other hydrologic attributes of the Northern Subbasin 
include: 

 A drainage area of 149 square miles. 
 More than 110 mapped streams. 

 213 miles of stream (133 perennial and 75 
intermittent); 

 The highest peak flow of 199,000 cubic feet 
per second (cfs) was recorded at the USGS 
gage in Miranda during the flood of 1964; 

 The lowest peak flow recorded at the same 
station was in 1977 at 2,260 cfs; 

 The highest average annual flow of 7,300 
cfs was recorded in 1981; 

 The lowest average annual flow was in 1977 
at 563 cfs. 

Two USGS stream gages currently capture 
information in the Northern Subbasin.  The gauge at 
Miranda is located in the mainstem SF Eel River at 
RM 17, and is fed by all streams in the SF Eel River 
Basin upstream from this point (78% of the total SF 
Eel River drainage area, or 537.5 square miles).  The 
gauge in the Bull Creek drainage, located 
approximately 5 miles upstream from the confluence 
of the SF Eel River, is fed by a much smaller 
drainage area (28.1 square miles), so discharge is 
much lower (Figure 5).  Data were available at the 
Miranda gauge from 1940-2010, and were available 
in Bull Creek from 1961-2010.  Although average 
annual discharge was considerably higher for the 
Miranda gauge due to the much larger drainage area, 
discharge patterns were similar at the two locations, 
with extremely low flows in 1977 (10 cfs at Bull 
Creek and 156 cfs at Miranda), and peak flows in 
1983 (287 cfs at Bull Creek and 4393 cfs at 
Miranda) and in 1974 (249 cfs at Bull Creek and 
3,929 cfs at Miranda).  Peak flows at these locations 
occurred during the 1964 flood, with recordings of 
nearly 200,000 cfs at Miranda and 6,520 cfs at the 
Bull Creek gauge. 
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Figure 3.  Calwater planning watersheds in the SF Eel River Northern Subbasin. 
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Figure 4.  SF Eel River Northern Subbasin streams. 
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Table 2.  Northern Subbasin tributaries and statistics (int. = intermittent stream). 

Stream Tributary to: 
Length 
(miles) 

Perennial 
miles 

Intermittent 
miles 

Drainage 
Area 
miles2 

Stream 
order 

S.F. Eel River Eel River 22.9 22.9 0.0 149.0 5 
LB trib S.F. Eel River 0.7 0.0 0.7 0.4 int. 
LB trib S.F. Eel River 0.6 0.0 0.6 0.5 int. 
Cabin Creek S.F. Eel River 1.7 1.0 0.7 0.7 1 
Bull Creek S.F. Eel River 15.2 14.7 0.4 41.5 4 
Tepee Creek Bull Creek 1.6 0.0 1.6 0.8 int. 
Cow Creek Bull Creek 2.1 0.7 1.4 2.3 1 
Connick Creek Bull Creek 2.0 0.0 2.0 2.6 int. 
Calf Creek Bull Creek 1.3 0.0 1.3 0.5 int. 
Miller Creek Bull Creek 1.4 1.4 0.0 0.6 1 
Harper Creek Bull Creek 1.8 1.8 0.0 1.6 1 
Squaw Creek Bull Creek 3.9 3.5 0.4 4.7 1 
Golpher Creek Bull Creek 0.8 0.0 0.8 0.2 int. 
Albee Creek Bull Creek 1.8 1.8 0.0 1.3 1 
Mill Creek Bull Creek 2.7 0.9 1.8 3.0 2 
RB trib Bull Creek 0.8 0.0 0.8 0.3 int. 
Cuneo Creek Bull Creek 3.0 3.0 0.0 4.4 3 
North Fork Cuneo Creek Cuneo Creek 1.9 1.9 0.0 1.7 2 
South Fork Cuneo Creek Cuneo Creek 1.4 1.4 0.0 0.7 1 
RB trib Bull Creek 0.6 0.6 0.0 0.4 1 
Burns Creek Bull Creek 1.7 1.7 0.0 1.8 2 
RB trib Bull Creek 0.7 0.0 0.7 0.1 int. 
Slide Creek Bull Creek 1.6 1.6 0.0 1.2 1 
LB trib Bull Creek 1.7 1.0 0.8 0.7 1 
RB trib Bull Creek 0.9 0.8 0.1 0.5 3 
RB trib Bull Creek 0.4 0.4 0.0 0.1 1 
RB trib Bull Creek 1.0 0.0 1.0 0.3 int. 
Panther Creek Bull Creek 1.5 1.5 0.0 3.2 2 
LB trib Panther Creek 2.5 1.7 0.8 1.6 1 
RB trib Panther Creek 1.3 1.0 0.3 1.1 1 
Preacher Gulch Bull Creek 2.3 1.8 0.6 0.9 1 
LB trib Bull Creek 1.4 1.4 0.0 0.3 1 
RB trib Bull Creek 1.5 1.0 0.5 0.6 1 
LB trib Bull Creek 1.0 0.0 1.0 0.3 int. 
RB trib Bull Creek 0.5 0.0 0.5 0.2 int. 
LB trib Bull Creek 0.6 0.6 0.0 0.5 1 
Decker Creek S.F. Eel River 3.1 2.0 1.1 7.0 1 
LB trib S.F. Eel River 1.4 0.0 1.4 0.2 int. 
RB trib S.F. Eel River 0.5 0.0 0.5 0.0 int. 
Corner Creek S.F. Eel River 1.3 1.3 0.0 0.3 1 
LB trib S.F. Eel River 1.0 0.0 1.0 0.3 int. 
Mill Creek S.F. Eel River 1.8 0.8 1.0 2.4 1 
LB trib S.F. Eel River 0.7 0.0 0.7 0.3 int. 
Robinson Creek S.F. Eel River 1.1 0.0 1.1 0.5 int. 
RB trib S.F. Eel River 1.1 0.0 1.1 2.4 int. 
Feese Creek S.F. Eel River 0.9 0.9 0.0 0.8 1 
Mowry Creek S.F. Eel River 1.3 1.3 0.0 0.8 1 
Canoe Creek S.F. Eel River 5.1 4.5 0.6 10.6 2 
North Fork Canoe Creek Canoe Creek 2.7 2.1 0.6 1.9 1 
RB trib S.F. Eel River 0.9 0.0 0.9 0.2 int. 
RB trib S.F. Eel River 0.7 0.0 0.7 0.2 int. 
LB trib S.F. Eel River 0.7 0.0 0.7 0.1 int. 
Truss Creek S.F. Eel River 0.8 0.0 0.8 0.4 int. 
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Stream Tributary to: 
Length 
(miles) 

Perennial 
miles 

Intermittent 
miles 

Drainage 
Area 
miles2 

Stream 
order 

RB trib S.F. Eel River 0.8 0.0 0.8 0.2 int. 
Coon Creek S.F. Eel River 2.2 0.0 2.2 1.7 1 
Kerr Creek S.F. Eel River 1.7 0.0 1.7 0.5 1 
LB trib S.F. Eel River 1.1 0.5 0.7 0.5 int. 
LB trib S.F. Eel River 0.8 0.0 0.8 0.5 int. 
LB trib S.F. Eel River 0.7 0.0 0.7 0.2 int. 
LB trib S.F. Eel River 1.0 0.0 1.0 0.5 int. 
RB trib S.F. Eel River 0.5 0.0 0.5 0.2 int. 
RB trib S.F. Eel River 0.7 0.0 0.7 0.2 int. 
Bridge Creek S.F. Eel River 2.5 1.7 0.7 2.7 1 
Elk Creek S.F. Eel River 5.6 4.6 0.9 6.7 2 
RB trib S.F. Eel River 0.5 0.0 0.5 0.2 int. 
Dry Creek S.F. Eel River 1.1 0.0 1.1 1.3 int. 
LB trib S.F. Eel River 1.3 0.0 1.3 0.3 int. 
Salmon Creek S.F. Eel River 12.8 12.1 0.8 36.9 4 
RB trib Salmon Creek 1.4 0.8 0.7 1.4 1 
Mill Creek Salmon Creek 2.5 0.9 1.6 2.0 2 
RB trib Salmon Creek 0.9 0.9 0.0 1.9 1 
RB trib Salmon Creek 0.6 0.0 0.6 0.4 int. 
LB trib Salmon Creek 0.9 0.0 0.9 0.4 int. 
South Fork Salmon 
Creek 

Salmon Creek 6.1 5.6 0.5 12.5 3 

LB trib S.F. Salmon Creek 0.7 0.0 0.7 1.5 int. 
Bogus Creek S.F. Salmon Creek 1.3 0.6 0.7 1.5 1 
LB trib S.F. Salmon Creek 0.5 0.0 0.5 0.1 int. 
Kinsey Creek S.F. Salmon Creek 2.4 1.7 0.8 2.5 2 
Tostin Creek S.F. Salmon Creek 3.7 3.2 0.4 2.3 2 
Hacker Creek S.F. Salmon Creek 1.4 1.4 0.0 1.3 2 
RB trib S.F. Salmon Creek 0.4 0.0 0.4 0.3 int. 
LB trib Salmon Creek 0.6 0.0 0.6 0.1 int. 
RB trib Salmon Creek 0.7 0.0 0.7 0.2 int. 
LB trib Salmon Creek 1.1 0.0 1.1 0.3 int. 
RB trib Salmon Creek 1.8 1.3 0.5 1.4 1 
LB trib Salmon Creek 0.9 0.9 0.0 0.3 1 
RB trib Salmon Creek 1.1 0.0 1.1 0.3 int. 
LB trib Salmon Creek 2.2 1.7 0.5 2.4 2 
LB trib Salmon Creek 0.7 0.0 0.7 0.2 int. 
LB trib Salmon Creek 1.6 0.0 1.6 0.8 int. 
RB trib Salmon Creek 1.2 0.0 1.2 0.4 int. 
RB trib Salmon Creek 1.1 0.0 1.1 0.9 int. 
RB trib Salmon Creek 1.1 0.0 1.1 0.3 int. 
RB trib Salmon Creek 0.7 0.0 0.7 0.2 int. 
LB trib Salmon Creek 0.6 0.0 0.6 0.2 int. 
LB trib Salmon Creek 1.2 0.0 1.2 0.4 int. 
LB trib Salmon Creek 1.6 1.2 0.4 1.4 2 
LB trib Salmon Creek 0.4 0.4 0.0 0.2 1 
LB trib Salmon Creek 0.6 0.6 0.0 0.3 1 
LB trib Salmon Creek 1.0 1.0 0.0 0.9 2 
RB trib Salmon Creek 0.8 0.0 0.8 0.3 int. 
Butte Creek S.F. Eel River 3.2 2.7 0.5 4.6 2 
Coon Creek Butte Creek 2.1 0.0 2.1 1.9 1 
Fish Creek S.F. Eel River 3.4 2.9 0.5 4.5 2 
RB trib S.F. Eel River 1.6 0.0 1.6 0.9 int. 
LB trib S.F. Eel River 1.0 0.0 1.0 0.8 int. 
LB trib S.F. Eel River 0.8 0.0 0.8 0.5 int. 
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Stream Tributary to: 
Length 
(miles) 

Perennial 
miles 

Intermittent 
miles 

Drainage 
Area 
miles2 

Stream 
order 

Anderson Creek S.F. Eel River 1.9 1.9 0.0 4.3 1 
Ohman Creek S.F. Eel River 3.8 2.7 1.1 7.2 1 

 

 

 
Figure 5.  Average annual discharge at the Miranda (top) and Bull Creek (bottom) gauges, located in the SF Eel 
River Northern Subbasin. 
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Floods	
Large floods occur nearly every decade and typify 
the storm flows of the South Fork Eel River Basin 
(Table 3).  The most infamous floods in recent 
memory occurred in 1955 and 1964.  The effect of 
these floods on the watershed was exacerbated by 
extensive logging due to the advent of post-WWII 
tractor technology, historical changes in local 
vegetation, and prior seismic events that further 
destabilized the hillslopes.  The extensive road 
network also disrupts natural runoff rates and routes.  
The 1964 flood also involved a large accumulation 
of snow in the higher elevations that was melted by a 
warm storm with sustained, heavy rains.  Landslides 
and resulting sedimentation of the streams were 
unprecedented - these floods washed away whole 
towns, reset river patterns, and changed stream 
morphology for decades.  In some cases the 
lingering effects are still apparent upon the 
landscape.  In the Northern Subbasin the towns of 
Dyerville, Bull Creek, Weott, Myers Flat, and 
Phillipsville were severely damaged or completely 
destroyed.  The 1955 flood had a peak flow (at 
Miranda) of 173 thousand cubic feet per second, and 
exceeded 22 million dollars in damages, flooded 
43,000 acres, and killed at least one person in the Eel 
River Basin.  The 1964 flood had a peak flow (at 
Miranda) of 199 thousand cubic feet per second, 
exceeded 100 million dollars in damages, and killed 
at least 19 people in the Mad and Eel River 
watersheds (Dyett and Bhatia 2002). 
Table 3.  Flood dates and discharges at USGS Miranda 
gauge. 

Humboldt County Floods – Miranda Gage  
(italicized discharge is approximated by extrapolation from 
the Scotia gage)  

Year Discharge, cfs 
Jan 22, 1914 97,300 
Feb 2, 1915 112,300 

Feb 25, 1917 90,500 
Dec 11, 1937 117,300 
Feb 28, 1940 91,500 
Dec. 22, 1955 173,000 
Feb 8, 1960 117,000 

Dec. 23, 1964 199,000 
Jan 4, 1966 107,000 
Jan 16, 1974 122,000 
Dec 19, 1981 123,000 
Feb 17, 1986 123,000 

Source: USGS Gage 11476500 

The Northern Subbasin’s stream canyon topography 
is typified by narrow flood zones that cause rapid 
inundation of streamside towns and features such as 

Weott, Myers Flat, Miranda, Phillipsville, and the 
Avenue of the Giants (Humboldt Co. 2012).  During 
events that cause large amounts of sediment to enter 
creeks, or in tributaries that are heavily diverted, 
streams that have historically been perennial may 
become intermittent. 

Dams,	 Diversions,	 and	 Hydrologic	
Disturbances	

There are presently no functioning, legal, man-made 
dams on the streams of the Northern Subbasin.  
There are some legal water right diversions within 
this subbasin and as with most watersheds in 
Humboldt County there are a significant number of 
illegal water diversions associated with residences, 
ranches, and industrial marijuana agricultural 
practices that remove water from the streams, 
especially during the dry times of the year.   

The towns of Weott, Myer’s Flat, Miranda, and 
Phillipsville have all been developed along the SF 
Eel River and use water extracted from the river, its 
tributaries, or shallow groundwater wells that draw 
from “surface water underflow” (water that has 
permeated through the soil layer into the weathered 
bedrock layer on top of the coherent bedrock).  This 
water provides dry season base flow to the streams. 

Reaches flowing through towns have often been 
modified to accommodate development. 
Modifications include bank armoring, construction 
of stream crossings such as culverts and bridges, and 
channelization. These modifications often decrease 
or eliminate natural stream floodplains. This can 
increase the volume and velocity of flows during the 
rainy season.  Increases in impervious cover 
(parking lots, roads, and buildings) associated with 
development can increase runoff to streams and 
aggravate flooding problems 
(http://www.coastal.ca.gov/nps/watercyclefacts.pdf). 

There are small remote residences, ranches, and 
agricultural areas scattered throughout the Northern 
Subbasin, in areas that are not owned by large timber 
companies or the CA State Parks.  These residences 
and agricultural operations depend on water 
extracted from private wells or diverted directly 
from springs or creeks, which affects the overall 
subbasin hydrology. 

No drainage issues were noted in any of the towns 
within the Northern Subbasin in the 2012 Humboldt 
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County General Plan and no specific drainage plans 
were made. However, the following applicable 
policies were developed: 

 Natural drainage courses, including ephemeral 
streams, shall be retained and protected from 
development impacts which would alter the 
natural drainage courses, increase erosion or 
sedimentation, or have a significant adverse 
effect on flow rates or water quality. Natural 
vegetation within riparian and wetland 
protection zones shall be maintained to 
preserve natural drainage characteristics 
consistent with the Biological Resource 
policies. Storm water discharges from outfalls, 
culverts, gutters, and other drainage control 
facilities that discharge into natural drainage 
courses shall be dissipated so that they make 
no significant contribution to additional 
erosion and, where feasible, are filtered and 
cleaned of pollutants; 

 Peak downstream storm-water discharge shall 
not exceed the capacity limits of off-site 
drainage systems or cause downstream 
erosion, flooding, habitat destruction, or 
impacts to wetlands and riparian areas. New 
development shall demonstrate that post-
development peak flow discharges will mimic 
natural flows to watercourses and avoid 
impacts to Beneficial Uses of Water; 

 Drainage design standards for new 
development shall be adopted by ordinance. 
The design standards shall ensure that storms 
of specified intensity, frequency, and duration 
can be accommodated by engineered drainage 
systems and natural drainage courses; 

 Create storm drainage development guidelines 
with incentives to encourage low-impact 
development standards to reduce the quantity 
and increase the quality of storm-water runoff 
from new developments. Formulate and 
require the use of Low-Impact Development 
(LID) standards to reduce the quantity and 
increase the quality of storm-water runoff from 
new developments in watersheds with known 
significant cumulative impacts from storm-
water runoff. For all other watersheds, design 
storm drainage development guidelines with 
incentives to encourage Low-Impact 
Development (LID) standards to reduce the 
quantity and increase the quality of storm-
water runoff from new developments; 

 Minimize chemical pollutants in storm-water 
runoff such as pesticides, fertilizers, household 
hazardous wastes, and road oil by supporting 
education programs, household hazardous 
waste and used oil collection, street and 
parking lot cleaning and maintenance, use of 
bio-swales and other urban storm-water best 
management practices described in the 
California Storm-water Best Management 
Practices Handbooks or their equivalent; 

 Work with federal and state agencies and local 
watershed restoration groups to retrofit 
existing drainage and flood control structures 
and design new structures to facilitate fish and 
other wildlife passage in partnership with these 
agencies; 

 Ministerial and discretionary development in 
Critical Water Supply or Watershed Areas 
where maintenance of groundwater recharge is 
determined to be necessary to maintain 
sustainable groundwater demands or surface 
water flows shall maintain or increase the 
site’s pre-development absorption to recharge 
groundwater or be conditioned to reduce 
effects to water supplies to below levels of 
significance; 

 The design, construction, and maintenance of 
County roads, bridges, drainages, and other 
facilities shall minimize stormwater runoff 
erosion and discharge of sediments and other 
pollution by following best management 
practices in accordance with the Five County 
Water Quality and Stream Habitat Protection 
Manual for County Road Maintenance in 
Northwestern California Watersheds (5Cs 
Manual 2002) or its equivalent; 

 Development within stream channels may be 
approved where consistent with Policy BR-P4, 
and is limited to the following projects:  

A. Fishery, wildlife, and aquaculture 
enhancement and restoration 
projects; 

B. Road crossings consistent with 
Standard BR-S9 - Erosion Control; 

C. Flood control and drainage 
channels, levees, dikes, and 
floodgates; 

D. Mineral extraction consistent with 
other County regulations; 

E. Small-scale hydroelectric power 
plants in compliance with applicable 

SF EEL RIVER BASIN ASSESSMENT REPORT
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County regulations and those of 
other agencies; 

F. Wells and spring boxes, and 
agricultural diversions; 

G. New fencing, provided it does not 
impede the natural drainage or 
wildlife movement and does not 
adversely affect the stream 
environment or wildlife movement; 

H. Bank protection, provided it is the 
least environmentally damaging 
alternative; and 

I. Other essential projects, including 
municipal groundwater pumping 
stations, provided they are the least 
environmentally damaging 
alternative, or necessary for the 
protection of the public's health and 
safety. 

Geology	

Bedrock	
The Northern Subbasin is composed of 
metamorphic, marine sedimentary and igneous rock 
types of the Franciscan Complex and their 
associated overlap assemblage of sediments and 
sedimentary rock types.  The Northern Subbasin is 
made up of predominantly the Yager Terrane of the 
Coastal Belt, but also consists of some areas of the 
juxtaposed Central Belt.  Descriptions of bedrock, 
including composition, depositional history, 
landscape morphology, strength, and erosional 
characteristics of each rock type represented on the 
geology map (Figure 6) will be briefly discussed 
below in order of their abundance within the 
subbasin.  Table 4 contains a brief summary of 
Northern Subbasin geology types and their 
attributes. 

The	Yager	Terrane	

Folded and faulted interbedded layers of well 
consolidated sandstone, argillite, and in some places 
pebble conglomerate of the Yager Terrane of the 
Coastal Belt dominate the geologic landscape of this 
subbasin. 

This terrane, named by Burdette Ogle in the early 
1950s because of its excellent exposure along Yager 

Creek in the Van Duzen River drainage, makes up 
68% of this subbasin.  It is considered a 
tectonostratigraphic terrane because it has been 
faulted into its current location by tectonic processes  
as part of the accretionary wedge and contains a 
stratigraphic history of deposition, age, and 
metamorphic grade that set it apart from neighboring 
terranes. 

Sediments of the Yager Terrane were originally 
deposited between 65 and 34 million years ago and 
transported by rivers from as far away as Idaho 
(Underwood and Bachman 1986) and accumulated 
along the continental shelf to the deep ocean floor.  
The accumulation of sediment that makes up the 
Yager Terrane is more than 10,000 feet thick in 
places (Ogle 1953). The sequence of interbedded 
argillite and sandstone represents marine deposition 
of sediments during calm periods, punctuated by 
large underwater landslide events.  These 
subaqueous landslides were likely triggered by large 
seismic events, tsunamis, storm wave loading, and 
sediment loading (Goldfinger et al. 2003) attesting 
to the abundant seismic activity in this region. 

The Yager Terrane forms steep, sharp-crested ridges 
and associated valleys that give the landscape a steep 
and rugged appearance.  The relative stability of the 
Yager Terrane results in the development of soils 
that typically support lush forest growth. 

The Yager Terrane is relatively stable; however, it 
has many areas where it is faulted and/or sheared, 
which typically causes zones of weakness within the 
bedrock that are prone to large-scale landsliding.  
Furthermore, the argillaceous interbeds of the Yager 
Terrane tend to crumble when exposed to water and 
air, and undercutting of the stream bank along 
bedrock reaches and movement along bedding 
planes may result in translational landslides.  
Excessive crumbling of argillite can also be a source 
of fine sediment input into streams.  The beds of the 
Yager Terrane are tilted by folding and faulting of 
this region.  In areas where the dip of the beds 
inclines with the hillslope into the stream valley, 
large translational block landslides are more likely to 
occur.  Yager Terrane is especially prone to debris 
sliding on steep stream banks (Kelsey and Allwardt 
1975). 
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Figure 6.  Geologic map of the Northern Subbasin. 
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Table 4.  Geologic formations and unit descriptions in the SF Eel River Northern Subbasin (ma = millions of years 
before the present). 

Unit 
Belt/Rock 

Type 

Formation
/ 

Terrane 
Composition Morphology/Erosion 

Age 
(ma) 

% 
Sub-
basin 
Area 

Overlap 
Deposits 

Alluvium  
 

Unconsolidated 
river deposits of 
boulders, gravel, 
sand, silt, and clay. 

Flat to gently sloping, bare, river banks, 
beds, and floodplains. Raveling of steep 
slopes. Sediment trnasport by fluvial and 
aeolian processes. 

4.20-0.01

Large, disrupted,Landslide
clay to boulder 
debris and broken 
rock masses. 

Rumpled, disordered hillslopes. Shallow 
debris slides. Rotational slumps on steep 
slopes or eroding toes. Surface erosion and 
gullying where vegetation is bare. 

5.20.01-2

River 
Terrace 

 Unconsolidated 
river deposits of 
boulders, gravel, 
sand, silt, and clay 
that have been 
uplifted above the 
active stream 
channel. 

Flat to gently sloping, vegetated, uplifted 
terrace benches bordering streams. Raveling 
of steep slopes.  Transportation of 
sediments by fluvial and aeolian processes, 
gullying, debris slides, small earthflows. 

0.30.01-2

Wildcat 
Group 

Carlotta 
Formation 

Partially indurated, 
nonmarine 
conglomerate, 
sandstone, and clay.  
Minor lenses of 
marine siltstone and 
clay. 

Steep slopes/cliffs and prominent “Flat 
Irons”. Shallow landslides, debris slides, 
and block slides along inward dipping 
bedding planes. Toppling along joints. 
Some rock-falls and ravel. 

0.78-
1.8 

1.2 

Scotia 
Bluffs 
Sandstone 

Shallow marine 
sandstone and 
conglomerate. 

Steep slopes/cliffs. Friable, typically fails in 
numerous small debris slides. 

1.8-
3.6 

Rio Dell 
Formation 

Marine mudstone, 
siltstone, and 
sandstone. 

Steep slopes/cliffs. The Rio Dell Formation 
is one of the most susceptible to landsliding.  
Especially in zones between mudstone and 
sandstone beds with inward dip during 
saturation. 

1.8-
3.6 

Eel River 
Formation 

Marine mudstone, 
siltstone, and 
sandstone. 

Steep slopes/cliffs. Debris slides/flows, 
slaking. 

3.6-
5.3 

Pullen 
Formation 

Marine mudstone, 
siltstone, and 
sandstone. 

Steep slopes, forested and highly dissected 
with sharp ridge crests and V-shaped 
canyons. Debris slides/flows, rotational 
slides, slumps, slaking. 

5.3-
11.6 

Franciscan 
Complex 

Coastal 
Belt 

Coastal 
Terrane 

Slightly 
metamorphosed, 
interbedded arkosic 
sandstone and 
argillite with minor 
pebble 
conglomerate, and 
mélange with 
limestone lenses, 
and exotic blocks of 
rock. 

Tends to form forested, sharp-crested ridges 
with well-incised sidehill drainage; 
susceptible to debris sliding especially upon 
steep stream banks. Mélange of the Coastal 
Terrane tends to form oak and grassland, 
rounded, hummocky landscape with 
irregular, poorly incised drainages.  
Mélange is prone to earthflows and 
secondary debris flows. 

1.8-
99.6 

0.5 

Yager 
Terrane 

Deep marine, 
interbedded 
sandstone and 
argillite, minor 
lenses of pebble-
boulder 
conglomerate. 

Steep, straight, forested slopes, sharp ridge 
crests, V-shaped canyons. Prone to debris 
slides along stream banks. Translational 
rock slides, especially on inward dipping 
bedding planes between sandstone and 
argillite layers. 

33.9-
65.5 

67.6 

Central 
Belt 

Large blocks ofSandstone
metasandstone and 

Forms forested, moderate to steep, straight 
to convex slopes, sharp ridge crests, and V-

65.5-
161.2 

2.7 
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metagraywake, 
interbedded with 
meta-argillite. 

shaped canyons. Generally stable but prone 
to debris sliding along steep stream banks 
and in steep headwater drainages. 

PenetrativelyMélange
sheared matrix of 
argillite with blocks 
of sandstone, 
greywacke, argillite, 
limestone, chert, 
basalt, blueschist, 
greenstone, 
metachert. 

Oak and grassland, rolling, hummocky 
terrain.  Boulders protrude from 
surrounding mélange forming knockers. 
Susceptible to mass movement by large 
earthflows and subsequent debris flows 
triggered by saturation. 

1.8-
65.5 

16.3 

Eastern 
Belt 

Yolla Bolly 
Terrane 

Metagraywacke, 
argillite, and 
conglomerate with 
minor metachert and 
metavolcanic rocks. 

Develops sharp-crested, forested ridges 
generally with V-shaped canyons. 
Susceptible to mass movement by large 
earthflows and subsequent debris flows 
triggered by saturation. 

99.6-
199.6 

0.01 

Mélange – sheared 
matrix of argillite, 
sandstone, and 
conglomerate with 
blocks of 
greenstone, 
metachert, and 
metagreywacke. 

Rolling, hummocky terrain.  Boulders 
protrude from surrounding mélange forming 
knockers. Susceptible to mass movement by 
large earthflows and subsequent debris 
flows triggered by saturation. 

Great 
Valley 
Sequence 

Coast 
Range 
Ophiolite 

Del Puerto 
Terrane 

Highly sheared 
mudstone. 

Present locally in the southwestern part of 
the subbasin. 

161.2-
145.5 

0.1 

Dismembered 
Ophiolite: chert, 
basalt, diabase, 
serpentinite 
mélange, gabbro, 
and peridotite. 

Correlated with a more extensive ophiolite 
300 km to southeast, in the Del Puerto 
Canyon area near San Jose, California and 
forms Bear Buttes, approximately 6 miles 
northwest of Garberville. 

145.5-
175.6 

Sources: Kilbourne, 1985, Ogle, 1953, McLauglin, 2000, Kelsey and Allwardt 1975,  Kilbourne 1985. 

 
Central	Belt	Mélange	

Mélange (French for “mixture”) of the Central Belt 
of the Franciscan Complex is the second most 
abundant rock type within this subbasin, making up 
approximately 16% of its aerial extent.  Mélange can 
be described as a completely sheared matrix of 
argillite and sandstone containing very small (gravel 
sized) to very large (city block sized) mappable, 
relatively resistant blocks of sandstone, limestone, 
blueschist, greenstone, serpentinite, and chert. 

The mélange of the Central Belt formed from 65.5 
through 199.6 million years ago within the 
subduction trench between the Farallon and North 
American plates as material from the oceanic crust 
and its overlying sediments were tectonically mixed 
with sediments washing off of the continent (Aalto 
1981).  This mélange was then accreted to the 
western edge of the continent beginning around 88 
million years ago (McLaughlin 2000). 

Mélange has undergone such a degree of internal 
shearing that it has lost much of its internal strength 
and tends to behave like an extremely viscous liquid, 

slowly “flowing” over time, mostly in the form of 
large earthflows.  Mélange typically creates a 
hummocky, rolling landscape with prairies and 
grasslands occupying the areas of least competence.  
The Central Belt mélange is considered one of the 
most unstable rock types in the subbasin and is 
highly prone to erosion and mass movement, 
especially when saturated with water and/or 
disturbed by land use.  Mélange is especially prone 
to earthflows as well as subsequent debris flows. 

Central	Belt	Sandstone	

Sandstone of the Central Belt makes up roughly 
three percent of the surface of this subbasin.  The 
Central Belt sandstone exists as very large blocks of 
slightly metamorphosed greywacke (“dirty” 
sandstone), and argillite (McLaughlin 2000).  These 
blocks most likely formed from 65.5 through 161.2 
million years ago as sediment eroded from the 
continent as far away as Idaho (Underwood and 
Bachman 1986), washed off the continent, and 
blanketed the subduction trench between the 
Farallon and North American plates.  Although they 
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have been metamorphosed, folded, and sheared to 
some extent, they are more coherent than the 
mélange.  The Central Belt sandstone is generally 
stable, forming forested, sharp-crested ridges and V-
cut valleys.  It is prone to debris sliding along steep 
stream banks and in steep headwater drainages 
(Kelsey and Allwardt 1975). 

Wildcat	Group	

Relatively young, soft, shallow marine mudstone, 
siltstone, and sandstone grading upwards through 
nonmarine sandstone and conglomerate, compose 
the bedrock of the Wildcat Group which overlaps the 
Franciscan Complex and makes up around 1% of 
this subbasin. 

The sediments of the Wildcat Group were deposited 
within the last 11 million years in environments 
ranging from a deep to shallow seas, to estuaries and 
river systems.  The Wildcat Group was originally 
divided into five formations by Burdette Ogle in the 
early 1950s (downstream of the confluence of the SF 
Eel River).  These were the Pullen Formation, Eel 
River Formation, Rio Dell Formation, Scotia Bluffs 
sandstone, and Carlotta Formation.  These divisions 
of the Wildcat Group did not, however, carry over 
into the SF Eel River Basin and are mapped as either 
“Wildcat undifferentiated” or as “Tertiary marine 
deposits”. 

The Wildcat is highly prone to erosion, especially 
when disturbed by land use.  Erosion of the soft, 
fine-grained, sedimentary rock types of the Wildcat 
contribute fine sediments to stream channels.  While 
the sediments that make up the Wildcat are 
considered bedrock, they are quite loosely cemented 
and friable, meaning that the sediment crumbles 
under light pressure.  Landsliding is most common 
in zones between mudstone and sandstone beds with 
inward dip, especially during episodes of saturation 
caused by heavy rain. 

Streams within Wildcat bedrock tend to form steep 
to vertical canyon walls which are prone to 
undercutting, and subsequent rock falls and 
translational rock-block sliding. 

Quaternary	Landslides	

Although not technically bedrock, large landslide 
features (tens to hundreds of acres) influence 
landscape and erosion, and may indicate how 
bedrock and overlying soils may behave over time. 

Quaternary landslides occupy at least 5% of the 
subbasin (based on GIS mapping).   Landslide 
deposits are typically a jumble of debris, soil, and 
underlying bedrock consisting of clay to boulder-
size debris and broken rock masses that have moved 
down slope. 

Landslide deposits produce rumpled, jumbled 
hillslopes and may develop subsequent debris slides 
and rotational slumps on steep slopes or eroding 
toes.  Surface erosion and gullying is usually 
prevalent where vegetation has been stripped 
(McLaughlin 2000). 

Landslide deposits are sensitive to land uses such as 
timber harvest, development, and road construction 
because the coherency of the slide material has been 
disrupted.  The toes of these landslides are typically 
eroded by stream channels causing subsequent, 
prevalent small-scale sliding and bleeding of fine 
sediments into the river system.  If the toes of these 
large landslides erode far enough, become saturated 
by heavy seasonal rain, or if there is a large, local 
seismic event, they may reactivate. 

Earthflows typically form in mélange due to its very 
low shear strength, and are capable of contributing 
immense amounts of sediment to the streams.  Large 
scale GIS mapping shows only a small percent of the 
probable extent of landslides within this subbasin.  It 
is estimated, based upon topographic diversity, that 
approximately 70 percent of the landscape in areas 
of mélange or extensively sheared zones has likely 
moved (Ellen et al. 2007). 

Alluvium	

Like landslides, alluvium is also not technically 
bedrock.  Alluvium includes any active stream 
channel sediments as well as unconsolidated bank 
deposits and floodplain deposits.  This deposit type 
covers just over 4% of this subbasin. 

River	Terrace	Deposits	

River terrace deposits blanket less than 1% of the 
Northern Subbasin.  They consist of unconsolidated 
through poorly consolidated cobbles, gravels and 
fine sediments.  These terraces were once river-
channel and flood-plain deposits, which were 
subsequently raised during the last 2 million years 
by regional tectonic uplift above the hundred-year-
flood level. 
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River terrace deposits make up extensive flat areas 
bordering the stream.  Most of the towns (Weott, 
Myer’s Flat, Miranda, and Phillipsville) within this 
subbasin are built on these terraces due to their 
gentle topography and proximity to the river.  

Del	Puerto	Terrane	

The Del Puerto Terrane occupies less than 1% of 
this subbasin.  This terrane is associated with an 
ophiolite complex and its overlying sedimentary 
rocks about 190 miles away in the Del Puerto 
Canyon near San Jose, California (McLaughlin et 
al., 2000). 

In the Northern Subbasin the Del Puerto Terrane 
occurs as blocks of fine through coarse-grained 
diabase and some gabbro within the Central Belt 
mélange.  This block forms Bear Buttes northwest of 
Garberville. 

Diabase is an intermediate rock between volcanic 
basalt and plutonic gabbro, which differ in the 
pressure and time period under which they cooled 
and solidified from their magmatic state.  Gabbro 
cooled over a long period of time under immense 
pressure, producing rocks exhibiting large crystals.  
Diabase cooled over more moderate time scales and 
pressures nearer the surface, not allowing crystals to 
grow as much.  Basalt cooled very quickly at the 
surface, allowing only extremely small crystal 
growth. 

Coastal	Terrane	

The Coastal Terrane is a division of the Coastal Belt 
of the Franciscan Complex and consists mainly of 
slightly metamorphosed, interbedded arkosic 
sandstone and argillite with minor pebble 
conglomerate.  The Coastal Terrane has been folded, 
faulted, sheared, and shattered, sometimes to such an 
extent that it is considered mélange: a highly sheared 
matrix of the former rock types containing limestone 
lenses and exotic blocks of rock (McLaughlin et al 
2000). 

The sedimentary sequences (sandstone, argillite, and 
conglomerate) are interpreted to be turbidites 
(sedimentary deposits left from sub-aqueous 
landslides) and other mass-flow type deposits that 
accumulated in an east-dipping subduction zone 
along the western margin of North America between 

140 and 28 million years ago.  In contrast, the 
limestone units and exotic blocks are interpreted to 
be the remnants of rocks and sediment that were 
carried into the trench and faulted into place within 
the Coastal Terrane sediments. 

Sandstone/argillite/conglomerate of the Coastal 
Terrane tends to form sharp-crested ridges with 
well-incised sidehill drainage and is susceptible to 
debris sliding, especially on steep stream banks. 

Mélange of the Coastal Terrane tends to form a 
rounded, hummocky landscape with irregular, 
poorly incised drainages.  Mélange is prone to 
earthflows as well as secondary debris flows.  

Faults,	Folds,	and	Shear	Zones		

The Northern Subbasin is located to the east of the 
north-northwest trending boundary between the 
Pacific Plate and North American Plate.  At present, 
most movement between the plates consists of 
grinding past one another at a rate of approximately 
5 centimeters per year.  The plate boundary also has 
a component of compression that causes uplift and 
the formation of mountain ranges.  The plate 
boundary is not a single or narrow seam, but is better 
characterized as a region of crustal deformation that 
is approximately 65 miles wide.  The Northern 
Subbasin lies within this region of deformation and 
is sandwiched between two of the most active fault 
rupture zones in north coastal California: the San 
Andreas that lies just off the coast to the west, and 
the Maacama Fault Zone that lies several miles to 
the southeast.  Both of these faults are right-lateral 
strike slip faults and are considered active by the 
State of California which means they exhibit 
evidence of displacement within the past 11,000 
years.  Estimations of the recurrence interval 
between large seismic events for the northern 
segment of the San Andreas Fault range from 250–
100 years.  The Northern Subbasin is underlain by 
major, mapped, active faults, the Garberville Fault 
being the most prominent, which makes ground 
displacement probable within the basin.  Strong 
seismic shaking should be anticipated to occur if the 
San Andreas, Garberville, or Maacama faults 
rupture. 

A brief description of faults within the Northern 
subbasin follows, with summary information 
included in Table 5. 
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Table 5.  Northern Subbasin fault descriptions (M = magnitude; R. Int. = recurrence interval).

 Active Faults: 
Fault 
Type 

M R. Int. Description 
M

en
d

oc
in

o 
T

ri
p

le
 J

u
n

ct
io

n
 

Cascadia 
Megathrust 

8.3-Thrust
9.2 

500-
600 

The Cascadia Megathrust allows subductive movement of the 
Gorda Plate beneath the North American Plate.  This fault is 
capable of generating very large earthquakes (~M9) and usually 
produces uplift or subsidence of the coastal area adjacent to the 
Van Duzen River Basin.  Several prehistoric seismic events that 
produced significant tsunamis and sudden uplift or subsidence 
along this area of the coast have been documented.  In 1992 an 
earthquake of magnitude 7.1 (Richter) occurred that uplifted the 
coast at Cape Mendocino by about five feet. 

Eastern 
Mendocino 
Fracture 

This high-angl176.5Dextral e, east-west trending fault represents the plate 
boundary between the Gorda and Pacific plates. It generates 
predominantly right-lateral strike-slip earthquakes. 

San Andreas 
Fault (Northern 
Segment) 

7.3-Dextral
8.3 

200-
300 

The San Andreas fault (Northern segment) is an active dextral 
fault that runs just off shore, southwest of the Van Duzen River 
Basin.  It is capable of large earthquakes (~M 7) that can 
significantly affect the basin by seismic shaking, deformation, and 
their associated mass wasting/erosion effects.  Although not well 
documented within the Van Duzen River Basin, the 1906 northern 
San Andreas fault seismic event (the San Francisco earthquake) 
caused significant damage to the surrounding communities, 
triggered multiple landslides, and caused liquefaction of low-
lying, saturated sediments. 

Deep-Gorda Plate
seismic 

This relatively small plate remn507.3 ant is breaking up as it approaches 
thesubduction zone. Frequent earthquakes are generated along left-
lateral strike-slip faults within the plate itself. The plate is 
subducting in a northeastward direction. 

DextGarberville Fault Consists of several widely6.9ral spaced, steeply dipping reverse faults 
with components of dextral slip. 

DextBriceland Fault Is associated with the Garb2206.9ral erville Fault and consists of several 
widely spaced, steeply dipping reverse faults with components of 
dextral slip. 

 
Inactive Faults: 

Fault 
Type 

M R. Int. Description 

 Coastal Belt 
Thrust 
(Freshwater 
Fault) 

The Coastal Belt Thrust Fault is the major fault that juxtaposes theThrust
Coastal Belt and the Central Belt.  It trends north by northwest 
through the Van Duzen River Basin.  It is most likely the zone 
which accommodated movement between the subducting Farallon 
Plate and the North American Plate before accretion of the Coastal 
Belt when the active subduction moved west to its present location 
along the Cascadia Megathrust. 
Mapped fault segment near Piercy.Piercy fault

Sources: USGS 2011, McLaughlin et al. 2000 

The	Mendocino	Triple	Junction	

The structure of the Northern Subbasin is induced by 
tectonic forces generated by the Mendocino Triple 
Junction, which consists of the interaction of the 
North American, Pacific, and Gorda plates.  The 
movement of these plates has set up three major fault 
systems that influence the structure and landscape of 
this subbasin: the San Andreas Fault Zone between 
the Pacific and North American plates, the Cascadia 
subduction zone between the North American and the 
Gorda plates, and the Mendocino Fracture Zone 
between the Pacific and the Gorda plates.  Of these, 
the convergent plate boundary of the Cascadia 

Megathrust and the translational plate boundary of the 
San Andreas Fault Zone are most influential on the 
tectonic regime within this subbasin. 

The Franciscan Complex was accreted to the western 
edge of the continent by processes related to the 
subduction of the Farallon Plate in this region during 
the geologic past.  As northward movement of the 
Pacific Plate brought the San Andreas fault system 
northward, this region went from being controlled by 
compression set up by convergence and subduction of 
the Farallon under the North American plate to 
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transpression and translation between the Pacific and 
North American plates.  Under compression, a series 
of north-west trending folds and thrust faults were set 
up, and these features controlled the landscape such as 
the Coastal Belt Thrust and the Garberville synform 
and antiform.  As the San Andreas system became 
dominant and stress on this area became transpressive, 
faults acting on this landscape became right-lateral 
strike-slip (dextral) such as the Garberville/Briceland 
fault. 

In addition to the landscape of this subbasin being 
controlled by the tectonic regime, folds, faults, and 
shear zones have affected the area in many ways.  
Folding of rock layers can create unstable zones of 
inward dipping increasing the likelihood of 
landsliding.  Seismic activity can destabilize 
hillslopes, causing widespread landsliding; fault 
movement can change stream morphology, and 
faults and shear zones can locally weaken rock 
strength, enhancing erosion. 

Coastal	Belt	Thrust	

The Coastal Belt Thrust fault cuts through this 
Subbasin, juxtaposing the Coastal Belt and the 
Central Belt of the Franciscan Complex.  The 
Coastal Belt thrust is likely the zone which 
accommodated movement between the subducting 
Farallon plate and the North American plate before 
accretion of the Coastal Belt when active subduction 
moved west to its present location along the 
Cascadia Megathrust. 

Garberville	Fault	Zone	

The Garberville fault zone consists of several widely 
spaced, steeply dipping reverse faults with 
components of dextral slip that bound elongate 
northwest-oriented slivers of marine and nonmarine 
overlap assemblage strata. Earthquakes along the 
Garberville fault have deep epicenters (greater than 
10-12 km) and may be generated from the 
underlying Gorda plate (McLaughlin 2000). 

Garberville	Synform	

The Garberville synform is a prominent downward-
arching fold within the rock strata running north by 
northwest along the west side of the Northern 
Subbasin. 

Garberville	Antiform	

The Garberville antiform is a prominent upward-
arching fold within the rock strata running north by 
northwest along the east side of the Northern 
Subbasin. 

Uplift	

The coastal area to the west of this subbasin is 
undergoing high rates of uplift (1 to 5 millimeters per 
year) which translates into uplift in all three SF Eel 
River subbasins.  Studies of river terraces along the 
mainstem Eel River indicate that at least 1 millimeter 
per year of uplift reaches past Garberville (Bickner 
1985, Merritts and Bull 1989, Merritts and Vincent 
1989, Merritts and others 1994).  Northeast-southwest 
compression seems to be generating this region of 
uplift within the subbasin and has been termed the 
Mendocino Uplift (McLaughlin and others 1992). 

Uplift in this area has increased the potential energy of 
the streams, allowing them to incise and erode the 
landscape at high rates leaving steep canyon walls 
above the streams.  As tectonic forces push the land 
up, gravity tries to pull it down, and the result is 
usually landslides and rock falls.  Landsliding is 
further exacerbated by heavy seasonal rainstorms that 
saturate the hillslopes, making them unstable and even 
more prone to landsliding. 

Earthquakes	

The Northern Subbasin is within one of the most 
seismically active regions in the world.  Its 
juxtaposition to the Mendocino Triple Junction to the 
northwest, the San Andreas fault zone to the west, and 
the Maacama fault zone to the southwest places this 
subbasin in a very precarious seismic regime which is 
susceptible to periodic strong seismic shaking (Table 
6). 

This shaking can trigger rockfalls, landslides, and 
earth/debris flows as well as increasing erosional 
processes in the area of surface rupture or 
liquefaction.  Fault movement can result in uplift of 
the local landscape, increasing the potential for 
erosion, or may cause the local landscape to subside, 
increasing the potential for deposition.  Faults may 
deform, break, or weaken rock, leaving the immediate 
area unstable and more prone to erosion. 
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Table 6.  Significant earthquakes near the SF Eel 
River. 

Large historic earthquakes in proximity to 
the South Fork Eel River Basin 
Date Magnitude Location 

West of Eureka7.01899  April

8.251906  April
Great 1906 
earthquake 

1922  
January 

West of Eureka7.3

1923  
January 

Cape Mendocino7.2

1980 
November 

West of Eureka7.2

1991  
August 

7.1 
West of Crescent 
City 
Cape Mendocino7.21992  April

Source: USGS 2011 

Landslides	and	Erosion	
The Northern Subbasin is underlain by weak and 
erodible rock types of the Coastal and Central belts of 
the Franciscan Complex.  The Yager Terrane 
composes the majority of the subbasin and while it is 
relatively hard and more resistant to erosion than 
many of the other rock types in the subbasin, it still 
erodes and contributes sediment at high rates.  The 
majority of natural sediment entering the streams is 
produced by landslides.  The term “landslide” is used 
in a general sense to refer to the various processes of 
mass wasting of soil, unconsolidated sediment, or 
bedrock within this subbasin. 

There are both benefits and disadvantages of natural 
landslides on salmonid populations.  Landslides 
typically contribute large woody debris, large 
boulders, and spawning gravels from the hillsides and 
create stream channel diversity like plunge-pools, 
riffles, meanders, and side channels.  However, 
landslides can also contribute an abundance of fine 
sediments, strip riparian vegetation, and fill channels 
and pools.  Fish have evolved over time to thrive in 
the delicately balanced, highly unstable, natural 
landscape of this area, but anthropogenic activities 
that result in additional fine sediment input may 
disrupt this balance. 

The likelihood of landslides occurring in an area is 
related to numerous variables.  Major factors that tend 
to increase the likelihood of landsliding are: steep 
hillslopes, high pore pressure between grains (water 
saturated ground), bedding planes and/or planes of 
weakness within the soil or bedrock, undercutting of 
slopes, poor vegetation cover, seismic shaking, and 

weak hillslope material.  In the Northern Subbasin, 
weak rocks in conjunction with high amounts of 
rainfall and the dynamic tectonics of the northwestern 
California create a landscape prone to landsliding. 

The Yager Terrane is prone to debris slides along 
stream banks and translational rock slides, especially 
on inward dipping bedding planes between sandstone 
and argillite layers.  Argillite (shale) within the Yager 
Terrane becomes very friable when repeatedly 
exposed to cycles of hydration and desiccation 
(wetting and drying) and can perpetuate these rock 
slides as well as contribute fine sediments to nearby 
streams.  Areas where faults have disrupted the 
coherency of the bedrock are prone to rockslides, 
debris flows, and enhanced surface erosion. 

Central Belt mélange, while less abundant than Yager 
Terrane, is more susceptible to erosion.  The high 
degree of internal shearing within mélange has turned 
it into an incoherent matrix of its parent rock type 
(completely smashed and sheared argillite, sandstone, 
and conglomerate).  This sheared matrix, which 
comprises most of the volume of mélange, has very 
little internal strength and flows downhill over time 
via deep-seated earthflows.  Mackey and Roering 
(2011) estimated that while only about 7 to 8 percent 
of mélange terrain might be active at a given time, 
approximately 70 to 80 percent of the landscape 
moves over geologic time.  Large, active, deep-seated 
earthflows are capable of delivering tens of thousands 
of tons of sediment per square mile of surface area 
each year (Kelsey 1977).  Even when dormant, the 
toes of these earthflows erode, providing a constant 
source of fine sediments to the streams.  If erosion of 
the toe progrades far enough, if heavy rainfall 
saturates the earthflow, or if there is local seismic 
shaking, dormant earthflows may reactivate. 

Surface erosion affects recent earthflows by forming 
rills and gullies, as well as secondary slumps and 
small debris flows which wash additional sediments 
into streams. 

Five percent of this subbasin has been mapped with 
large Quaternary landslide features.  These landslides 
reflect only what has been mapped on a large scale 
without detailed field investigation.  Many smaller 
and/or less obvious landslides most likely exist that 
have not been mapped, or have been mapped as part 
of landslide inventories at a much more detailed scale. 

The most notable, historical slide in the Northern 
Subbasin is located in Salmon Creek (Figure 7 and 
Figure 8).  This slide occurs in Central Belt mélange 
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and is the largest mapped Quaternary landslide. 
Salmon Creek follows the Coastal Belt Thrust (fault) 
separating Yager Terrane to the east and the Central 
Belt mélange to the west.  This large earthflow has 
conveyed many large Franciscan boulders to the 
stream, creating boulder-run/cascade/pool reaches in 
many areas. It has been estimated that the entire 
landscape in this area is eroded at a rate of about one 
millimeter every two-and-a-half years (Gendaszek et 
al. 2006). 

 
Figure 7.  Pseudo-aerial-oblique of Salmon Creek 
Earthflow 2011. 

 

Figure 8.  Salmon Creek Earthflow 2011.  View is from the 
earthflow looking west, across the stream to the Yager 
Terrane. 

Fluvial	Geomorphology	
The overall fluvial geomorphology of the Northern 
Subbasin may be described by moderately steep 
tributaries with steeply incised valleys draining into a 
low gradient (<1%) mainstem. The geology of this 
landscape is subject to high rates of tectonic uplift, 
and the streams incise at similar rates, creating 
geologically young ridge/valley morphology.   

Two basic types of geology control the landscape: 
relatively resistant sandstone units (including shale 
and conglomerate) and mechanically weak mélange 
units (sandstone, shale, and conglomerate sheared and 
fractured to the point where it loses coherency).  
Coastal Belt sandstone geology of the Yager Terrane 
dominates this subbasin and typically produces a 
rugged landscape with steep sharp ridges and valleys 
whose trend is predominantly controlled by regional 
folding and faulting induced by Mendocino Triple 
Junction and San Andreas tectonics.   

Mélange geology exists in the southern portion of this 
subbasin and typically produces a hummocky 
topography with a landscape of rolling hills and 
grassland.  Ridge-valley sets of mélange units are 
strikingly less steep and sharp compared to sandstone 
units.  Exotic rock blocks within mélange protrude, 
forming knockers jutting out from the terrain.  
Mélange, lacking coherency, tends to move downhill, 
over time, in large earthflows.  Where active 
earthflows terminate at streams they usually deliver 
large amounts of fine sediment and deposit sizeable 
boulders of exotic rock types.  This creates chronic 
turbidity in streams as well as boulder-runs and 
cascade reaches, both of which are possible barriers to 
fish passage. 

Sediment	Transport	
Processes of stream sedimentation are controlled by 
stream power, which is a combination of discharge 
and the slope over which a stream runs (velocity).  
Streams are typically divided into a source reach 
(channel gradient of >20%), a transport reach (channel 
gradient 4-20%), and a depositional reach (channel 
gradient <4%) in terms of sedimentation based on 
channel steepness.  Sediment is eroded from steep 
headwater reaches as well as steepened knick-zones, 
transported along moderately steep reaches, and 
deposited within gentle gradient reaches.  Although 
streams are broadly divided into these three regions, 
forms of erosion, transport, and deposition occur on 
all reaches of a stream at any given time, and seasonal 
variations in stream flow modify where and when 
such processes occur.  

Large storm events trigger more erosion and recruit 
more sediment to the streams than smaller events.  
Sediment pulses from large storms migrate slowly 
downstream and tend to affect the stream for tens of 
years.  Anthropogenic land use can greatly increase 
the rate of erosion and sediment input to streams, and 
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it may take upwards of a century for the stream to 
naturally flush out the sediment pulse.   

Terrace deposits are present at several places along 
the mainstem of the SF Eel River and in some of its 
tributaries.  Stream terraces can be formed in a variety 
of ways.  In a period of tectonic quiescence, stream 
valleys widen and sediment is deposited within the 
flood plain; if regional uplift occurs the stream will 
respond by incising and eventually the flood plain will 
be left perched above the active stream channel.   

Large flood events can trigger widespread bank 
erosion and landsliding, recruiting excess sediment 
into the stream and redepositing it.  This can cause 
aggradation of the stream valleys in decades following 
the flood event.  In time, the channel typically incises 
through these sedimentary deposits and back to its 
former level, leaving terrace deposits along its banks.  
Large landslides may block the stream from time to 
time causing a landslide dam.  Water backing up 
behind the dam typically triggers many smaller 
streamside landslides, contributing large amounts of 
sediment which are impounded behind the dam.  
Eventually the dam is breached and worn away and 
the stream responds by incising into the impounded 
deposit, leaving behind terraces along the banks of the 
stream.   

During high stands of sea-level, base-levels of streams 
also become raised.  Streams usually respond to a 
raised base-level by depositing sediment and 
decreasing their slope.  Eventually as the seas recede, 
streams will readjust and incise, leaving behind 
extensive terrace deposits. 

Large river floodplain/terrace deposits bordering the 
mainstem of the SF Eel River have been developed 
due to their flat morphology, which is easy to build 
on, as well as the sediment itself which usually 
supports good crop growth and forest cover. Weott, 
Myer’s Flat, Miranda, and Phillipsville are all built on 
terrace deposits.   

The tributaries of the SF Eel River are mostly bedrock 
controlled: streams create their fluvial-geomorphology 
from the gradual wearing away of the containing 
bedrock.  Local geology will dictate channel slope, 
bedforms, pool-riffle-run morphology, bars, flood-
planes, and terraces.  Regional uplift, folding and 
faulting, and the mechanical strength and behavior of 
bedrock control the overall morphology of the streams 
in the Northern Subbasin. 

Although controlled by bedrock, Northern Subbasin 
streams are still subject to influence from available 
sediment input.  The input of sediment is typically 
from various hillslope processes such as landsliding 
and erosion that are often enhanced by land use and 
management activities.  The 1955 and 1964 floods 
recruited massive amounts of sediment into the 
streams, aggrading the channels and completely 
burying bedrock within them.  Filling-in of the 
channels with sediment effectively forced the water up 
and out of the channel, causing excessive streambank 
erosion channel widening to accommodate flow. 

Bull	Creek		

The Bull Creek drainage is a good example of the 
effect of sediment input on the fluvial geomorphology 
in Northern Subbasin streams.  Prior to the 1955 flood 
the lower reaches of Bull Creek consisted of a deep, 
meandering channel that was roughly 50 feet wide.  
After the 1964 flood segments of this channel had 
widened to approximately 400 feet (Jager and LaVen 
1981).  Flood-flows, aggradation, and subsequent 
lateral erosion removed riparian vegetation, hundreds 
of old-growth redwoods, roads, and bridges, as well as 
complete stream-side towns. 

These two flood events deposited vast amounts of 
sediment into the channel of Bull Creek and its 
tributaries.  The lower reaches of Bull Creek aggraded 
by about 15 to 20 feet.   

Sediment was deposited to a depth of approximately 
40 feet in the lower reaches of Cuneo Creek (a 
tributary to Bull Creek).  The 1955 flood completely 
buried a bridge across Cuneo Creek with sediment, 
after which a new bridge had to be built.  The 1964 
flood completely buried the new bridge with 
sediment, after which a third bridge was constructed.  
Presently the channel in the vicinity of the bridges has 
degraded back to a point where the second bridge has 
become exposed.  

Knickzones	
Knickzones are the actively propagating areas of base-
level fall throughout the basin.  Knickpoints are more 
numerous on first order streams where stream power 
is weaker and the knickpoints effectively become 
trapped.  Subsequent base-level fall within the basin 
will induce a new series of knickpoints which will 
typically migrate upstream over time and “bunch-up” 
against the previous knickpoints in areas where the 
stream power becomes too weak to propagate them 
further.  Knickzones record various bouts of regional 
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uplift or base-level lowering within the basin, and may 
create gradients steep enough to become obstacles or 
barriers to fish passage. 

Of the 20 named SF Eel tributaries in the Northern 
Subbasin, 12 were surveyed for salmonid habitat, and 
the probable end of anadromy was identified in the 
field.  The end of anadromy of eight of these streams 
(67%) was associated with a knickzone and usually 
located towards its downstream end. 

Channel	Type	

The fluvial geomorphology of individual streams 
within a system can be used to help understand current 

as well as past fluvial regime changes. Some basic 
morphologic stream patterns were defined by D.L. 
Rosgen, and were based on entrenchment, sinuosity, 
and slope of streams (Figure 9).  In the most recent 
(1987 to 2010) Northern Subbasin stream surveys (n = 
29), crews documented A, B, C, D, E, F, and G 
Rosgen channel types (Table 7).  Type B streams were 
the most common (39% of Northern Subbasin stream 
length surveyed), followed by type F (27%), type C 
(15%) and type A (13%).

 
Figure 9.  Illustration of channel types A-G (Rosgen 1996, courtesy of Wildland Hydrology).

Table 7.  Surveyed channel types by percent of subbasin 

Northern Subbasin General Channel Types 
Type % Description 

A 13% 
Type A reaches have a moderate to steep slope (4-10%), flow through steep V- shaped valleys, do not 
have well-developed floodplains, and have few meanders. 

B 39% 

Type B stream reaches are wide, shallow, single thread channels. They are moderately entrenched, 
moderate gradient (2-4%) reaches, which are riffle-dominated with step/pool sequences. Type B reaches 
flow through broader valleys than type A reaches, do not have well-developed floodplains, and have few 
meanders. 

C 15% 
Type C stream reaches are wide, shallow, single thread channels. They are moderately entrenched, low 
gradient (<2%) reaches with riffle/pool sequences. Type C reaches have well-developed floodplains, 
meanders, and point bars. 

D 1% 
Type D streams are wide, have Multiple channels with longitudinal and transverse bars, eroding banks, 
and have gravel substrates.  They are not entrenched and have less than a 2% gradient. 
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In addition to channel type, Rosgen’s system includes 
a “level II” classification, which describes the size of 
channel material or D50 (median particle size).  
Material size classes include: (1) bedrock (>2048 
mm); (2) boulder (256-2048 mm); (3) cobble (64-256 

mm); (4) gravel (2-64 mm); (5) sand (0.062-2 mm); 
and (6) silt/clay (<0.062 mm).  The most common 
Northern Subbasin stream types using the level II 
classification system were F4 and B2 channel types 
(47,785 and 43,233 ft respectively) (Table 8). 

Table 8. Surveyed Channel types of the 
Northern Subbasin by stream reach. 

Stream 
Length 
(feet) 

Channel 
Type 

Bull Creek 

B212885
B313301
B412261
C412359
D42218

Cow Creek 
A31263
B31137
F33038
C111866Connick Creek

Harper Creek 
A23186
G31494

Squaw Creek 
A25638
B26327
F32516

Albee Creek 
A31938
B3988

Mill Creek 

A3676
B22006
E31190
F42553

Cuneo Creek 
A31742
B31108
C24590

N.F. Cuneo 
Creek 

A2428
B23721
A23674Burns Creek
A33352Brain's Creek
A33349Slide Creek

Panther Creek 
A22980
B4696
B12700Preacher Creek
A31831Decker Creek
A31765Mill Creek

Stream 
Length 
(feet) 

Channel 
Type

Mowry Creek 
A3243
C32281

Canoe Creek 
B23444
F22347
F44553
A33006Coon Creek

Bridge Creek 
B22816
B42356

Elk Creek 

B24396
B31082
B42126
F47722
G36536

Salmon Creek 

B27638  
B48114
C47361
F415488
B42735Mill Creek

S.F. Salmon 
Creek 

F317226
F43547

Butte Creek 
B36567
B4738
F42731Coon Creek

Fish Creek 
B33651
B42047

Anderson 
Creek 

E4978
F411191
C41929Ohman Creek

   

E 1% 
Type E channels are low gradient (<2%), meandering, riffle/pool streams with a gravel, sand, or silt 
substrate. 

F 27% 
Type F stream reaches are wide, shallow, single thread channels.  They are deeply entrenched, low 
gradient (<2%) reaches and often have high rates of bank erosion. Type F reaches flow through low-
relief valleys and gorges, are typically working to create new floodplains, and have frequent meanders. 

G 4% 

Type G, or gully stream reaches, are similar to F types but are narrow and deep and have a steeper 
gradient (2-4%). With few exceptions, type G reach types possess high rates of bank erosion as they try 
to widen into a type F channel.   They can be found in a variety of landforms, including meadows, 
developed areas, and newly established channels within relic channels (Flosi, et al. 2010). 
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Stream	Channel	Geometry	

Longitudinal	Stream	Profiles	

A stream in a topographically steady state of slope (at 
equilibrium) tends to form a convex slope that 
exponentially gets steeper towards its headwaters.  A 
stream that is out of equilibrium tends to deviate from 
this basic pattern along various portions of its length.  
In Northern Subbasin streams, reasons for deviance 
from profile equilibrium are typically caused by 
changes in underlying geology, regional uplift, 
movement along fault lines, large landslides, and large 
amounts of sedimentation (aggradation of the stream 
channel).  These processes generally cause the 
longitudinal profile of a particular stream to become 
progressively convex (Figure 10).  Changes in the 
natural resistance of the bedrock to erosion may also 
cause variations in the longitudinal profile.  Sections 

of the stream channel that are significantly out of 
equilibrium may become too steep (>10% channel 
slope) to allow passage of fish and will decrease the 
length of anadromy.  In Northern Subbasin streams, 
only two out of 12 (17%) of the surveyed tributaries 
of the SF Eel River with identified probable ends of 
anadromy have profiles that are consistent with the 
basic pattern of equilibrium.  Uplift or basal lowering 
has created multiple knickzones that are apparent on 
longitudinal stream profiles of tributaries are out of 
equilibrium.  These areas may be considered sensitive 
to disturbance and fish passage over time.  Land use 
and management practices should be studied closely 
when planning activities that may alter the fluvial 
morphology or regime of each stream.   

Figure 10.  Basic channel profile shapes.  
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Profiles	of	Northern	Subbasin	Streams	

Stream profiles were completed for 20 Northern 
Subbasin streams (Figure 11).  Knickzones and ends 
of anadromy (EOA) were included on profiles where 
applicable; 12 of the 20 streams had EOAs identified 
in habitat typing reports.  Of these 12, 67% had EOAs 

associated with knickzones (7 were located at the 
downstream end of a knickzone, and 1 was located in 
the middle of a knickzone). Thirty three percent (4 of 
12) of EOAs were not associated with a knickzone.   
 

Figure 11.  Longitudinal stream profiles of SF Eel River Northern Subbasin streams. 

Soils	
In this assessment the term “soil” refers to any loose 
material derived from the weathering of bedrock and 
mixed upward by biogenic, chemical, and/or 
mechanical processes.  Like the other SF Eel River 
Subbasins, bedrock of the Northern Subbasin is 
mantled with unstable soils. 

The majority of bedrock throughout the subbasin is 
composed of sedimentary rock types of the Coastal 
Belt, producing associated soil types ranging from 
silt loam to very gravely loam that are prone to mass 
wasting, hillslope erosion, and transport by fluvial 
processes.  The dominant soil series in the Northern 
Subbasin is Vandamme-Tramway-Irmulco-Hotel-
Dehaven soil series, covering approximately 67% of 
its area (Figure 12).  The Vandamme-Tramway-
Irmulco-Hotel-Dehaven soil series is associated with 
and mantles steep, rugged ridges and valleys of 
Yager Terrane bedrock (sandstone, shale, and 
conglomerate) of the Coastal Belt (Table 9). 

The Northern Subbasin receives high levels of 
rainfall between October and May (up to 115 inches 
in the Bull Creek headwaters).  Rainfall initiated soil 

movement varies with storm intensity, most 
noticeably during short-duration, high-intensity 
storms but still significant during long-lasting, less 
intense storms.  As soil becomes saturated, pore-
pressure between grains increases, which lowers its 
ability to resist downslope movement.  A healthy 
cover of vegetation helps stabilize the underlying 
soil through root-strength, which increases soil 
cohesion and evapotranspiration; this can prevent or 
at least delay soil saturation.  Tree cover on 
hillslopes can increase the soil shear-strength by 
more than 60%.  The soils in this subbasin support a 
lush growth of redwood and Douglas-fir. 

Forest cover in this subbasin reinforces hillslope 
soils, with roots mechanically reinforcing soils by 
transferring shear stress in the soil to tensile 
resistance in the roots (Menashe 2001).  Humboldt 
Redwoods State Park occupies approximately 52% 
of the subbasin, mainly within the Bull Creek 
watershed and Grasshopper Mountain, and maintains 
its forest and vegetation cover in a close-to-natural 
or recovering state (from wide-spread, intensive 
logging before the late ‘60s) with the exception of 
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access roads, trails and campgrounds. Detrimental 
effects on soils of compaction and lack of vegetation 
are not considered widespread within this subbasin. 

The Northern Subbasin has periodically experienced 
fires throughout history.  One of the most notable 
and recent fires was the Canoe Fire of 2003, located 
in the Canoe Creek drainage within Humboldt 
Redwoods State Park. Wildfires can weaken soil 
slope-strength and increase erosion by: decreasing or 
removing the root mass tensile strength; removing 
vegetation and duff; decreasing inception and 

evapotranspiration rates; creating hydrophobic soils 
which reduce infiltration, absorption, and subsurface 
hydraulic flow; and increase surface runoff.  The 
negative effects of burned soils can last from years 
to decades. 

Gradual downslope movement of soil caused by 
gravity, weathering, saturation and rain-splash, and 
biogenic activity (soil creep) is also present within 
the soils of this subbasin and delivers sediment to 
the streams (Stillwater Sciences 1999). 
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Figure 12.  Soils map of the Northern Subbasin.
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Table 9. Northern Subbasin soil descriptions. 

Soil series Texture Description 
Parent 

Bedrock 
Slope 

% 
Vandamme-Tramway-Irmulco-Hotel-Dehaven (67%) 

VANDAMME 
SERIES  

loam 
Deep, well drained soils formed in material 
weathered from sandstone or mudstone.   

Coastal 
Belt Yager 
Terrane. 

2 - 75 

TRAMWAY 
SERIES 

loam 
Moderately deep, well drained soils formed in 
material weathered from sandstone.  

9 - 75 

IRMULCO 
SERIES 

loam 
Deep or very deep well drained soils formed in 
material weathered from sandstone.  

9 - 75 

HOTEL SERIES 
very 
gravelly 
loam 

Moderately deep, well drained soils that formed in 
material weathered from sandstone.  

30 - 
100 

DEHAVEN 
SERIES 

gravelly 
loam 

Deep, well drained soils formed in material 
weathered from sandstone.  

30 - 99 

Slidecreek-Lacks-Coppercreek-Atwell (16%) 

SLIDECREEK 
SERIES 

gravelly 
loam 

Very deep, well drained soils that formed in 
colluvium and residuum weathered from sandstone 
and mudstone. 

Central 
Belt 

Mélange. 

9 - 75 

COPPERCREEK 
SERIES 

loam 
Very deep, well drained soils that formed in 
colluvium and residuum from schist, sandstone, and 
mudstone.  

9 - 75 

ATWELL 
SERIES 

silt loam 
Very deep, moderately well drained soils formed in 
material from sheared sedimentary rocks  

15 - 50 

Neuns-Madonna-Kindig-Josephine-Hugo-Casabonne (13%) 

NEUNS SERIES 
gravelly 
loam 

Moderately deep, well drained soils that formed in 
slope alluvium and colluvium from metamorphosed 
igneous and sedimentary rocks.  

Central 
Belt 

Sandstone 
and 

Mélange. 

15 - 80 

MADONNA 
SERIES 

loam 
Moderately deep, well drained soils that formed in 
material weathered in residuum from sandstone and 
shale.  

15 - 75 

KINDIG 
SERIES  

gravelly 
loam 

Deep, well drained soils that formed in residuum 
and colluvium from metamorphosed igneous and 
sedimentary rocks. Kindig soils are on mountains.   

15 - 80 

JOSEPHINE 
SERIES 

gravelly 
loam 

Deep, well drained soils that formed in colluvium 
and residuum weathered from altered sedimentary 
and extrusive igneous rocks.  

2 - 75 

HUGO SERIES 
gravelly 
sandy clay 
loam 

Deep, well drained soils that formed in material 
weathered from sandstone, shale, schist, and 
conglomerate.  

9 - 75 

CASABONNE 
SERIES 

Gravelly 
loam.  

Very deep, well drained soils formed in colluvium 
and residuum weathered from sandstone or shale.  

9 - 75 

Riverwash-Kerr-Bigriver (2%) 

loamKERR SERIES

Dark olive gray recent moderately well drained 
alluvial soils without profile development that are 
formed in material derived mainly from micaceous 
schists.  

Alluvium 
and river 
terrace 

deposits. 

0 - 5 

BIGRIVER 
SERIES 

loamy sand 
Very deep, well drained soils formed from alluvium 
derived from mixed sources.  

0 - 5 

Yorktree-Vanvor-Mayacama-Gudgrey family (1%) 

YORKTREE 
SERIES  

loam 
Very deep, well drained soils formed in material 
weathered from graywacke, shale, siltstone or 
sandstone.  Central 

Belt 
Sandstone. 

15 - 75 

VANVOR 
SERIES 

very 
gravelly 
sandy clay 
loam 

Moderately deep, well drained soils on mountains. 
These soils formed in colluvium from metavolcanic 
rock.  

30 - 75 
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Soil series Texture Description Bedrock 
Slope 

% 

MAYACAMA 
SERIES 

very 
gravelly 
sandy loam 

Moderately deep, somewhat excessively drained 
soils formed in material derived from sedimentary 
and metasedimentary rocks.  

 9 - 75 

GUDGREY 
SERIES 

gravelly 
sandy clay 
loam 

Deep, well drained soils formed in material 
weathered from sandstone, schist or shale. 

8 - 75 

Walnett-Oragran-Jayel (1%) 
WALNETT 
SERIES 

stony loam 
Very deep, well drained soils formed in material 
weathered from serpentinized peridotite.  

Central 
Belt 

Mélange 
–

peridotite 
block. 

5 - 75 

ORAGRAN 
SERIES 

very stony 
loam 

Shallow, well drained soils formed in material 
weathered from peridotite or serpentinite.  

5 - 75 

JAYEL SERIES  
stony clay 
loam 

Moderately deep, well drained soils formed in 
material weathered from serpentinized peridotite.  

5 - 75 

Tramway-Irmulco-Empire (<1%) 
TRAMWAY 
SERIES 

loam 
Moderately deep, well drained soils formed in 
material weathered from sandstone. 

Wildcat 
Group. 

9 - 75 

IRMULCO 
SERIES 

loam 
Deep or very deep well drained soils formed in 
material weathered from sandstone. 

9 - 75 

EMPIRE 
SERIES 

loam 
Deep, well to moderately drained soils formed in 
material derived from soft sedimentary rocks.   

10 - 40 
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Vegetation	
Two main factors in the decline of salmonids within 
the SF Eel River Basin over the past century are an 
overabundance of fine sediments and increasing 
temperatures in the streams.  Vegetation on the 
landscape has a direct influence on both of these 
conditions.  Hillslope vegetation intercepts and 
slows the velocity of rainwater and also provides 
leaf litter and duff layers to the surface of soils, 
which intercepts and disperses rainwater and 
increases resistance to surface erosion.  Leaf and 
duff layers also provide an intricate irregular, 
permeable interface that allows surface water to 
pond and be absorbed rather than flow downhill as 
runoff.  Vegetation also increases transpiration, 
decreasing pore pressure between soil grains and 
reducing slope failure.  Root systems increase the 
tensile slope strength of unstable soils, reducing 
landslides, erosion, and sedimentation. 

Riparian vegetation shades streams and reduces solar 
radiation and corresponding stream temperatures.  
Stream bank roots and low hanging branches 
provide cover for fish.  Large woody debris 
generated by riparian vegetation and recruited by the 
stream provides habitat and stream channel 
diversity.  Stream bank root systems increase the 
tensile slope strength of unstable soils, reducing 
bank failure and subsequent sedimentation.  

The predominant vegetation cover type as described 
by the USFS CALVEG data is mixed conifer and 
hardwood forest, which covers approximately 55 
percent of the Northern Subbasin (Figure 13).  This 
vegetation type includes forests and woodlands 
where conifer is the primary vegetation type and 
hardwoods are present secondarily. Pacific Douglas-
Fir is the primary vegetation type (61%) in this 
classification, followed by mixed Redwood – 
Douglas-Fir (36%) and Redwood (3%) (Table 10).  
Conifers are prevalent throughout this subbasin and 
occupy nearly all areas except river floodplains, 
some river terrace low lands, and hillside meadows 
where the underlying geology is too unstable to 
support forest growth.  

Conifer forest is the next most abundant vegetation 
type in this subbasin, covering approximately 28% 
of the subbasin area (Figure 13).  Conifer forests and 
mixed conifer forests, when combined, are the major 
vegetation in the Northern Subbasin, making up 
nearly 85% of the total vegetation.  

Grassland/prairie (herbaceous) vegetation, primarily 
composed of annual grasses, is the next most 
abundant vegetative cover, making up 9% of the 
total subbasin area. This vegetation is found in 
small, interspersed hillside prairies in the southern 
part of the subbasin, overlying earthflows within 
geology of the Central Belt mélange.  Herbaceous 
vegetation is also found along some of the low-lying 
areas on the mainstem SF Eel River. Historically, 
grasslands were composed of native prairie bunch 
grasses with relatively deep root systems.  In the late 
1800s ranchers began seeding European short-rooted 
annual grasses for grazing and these soon replaced 
the bunch grasses.  Replacement of the deeper 
rooted grasses with shallower rooted annual grasses 
is believed to have increased surface erosion and 
hillslope soil stability (Kelsey 1980). 

Hardwood forest is the fourth most abundant 
vegetation category, covering about 6% of the 
Northern Subbasin area. 

GIS data indicate that less than one percent (0.01%) 
of the subbasin area is covered by agriculture, 
however this may be an under-representation 
because pastures used for grazing of livestock may 
not be included in this vegetation designation since 
land use is often difficult to ascertain remotely. For 
this reason, it can be assumed that areas mapped as 
annual grasslands may also be agricultural in nature 
and the overall percentage of agricultural lands is 
likely to be greater than depicted.  

Many agricultural practices in this region are covert 
and undocumented; both legal and illegal marijuana 
cultivation are becoming large-scale problems when 
considering water diversion and contamination of 
streams within the basin.  Illegal grow sites are 
periodically established in remote areas of State Park 
lands, which make up more than half of the Northern 
Subbasin area, and on privately owned timberland 
which includes nearly a quarter of the subbasin area. 

To supply a constant, reliable source of water to 
their plants, growers will typically divert water 
through plastic pipes from nearby streams or springs 
to their cultivation sites.  The warm, dry portion of 
the season is when plants require the most water, 
including plants in the surrounding forest as well as 
those that are cultivated.  Consequently, this is the 
time period when stream base flows are at their 
lowest.  When low base-flow conditions exist, the  
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Figure 13.  Vegetation map of the Northern Subbasin 
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Table 10. Vegetation of the Northern Subbasin (USFS CALVEG). 

Vegetation Cover Type % of Subasin Primary Vegetation Type % of Type 

55.06%Mixed conifer and hardwood forest/woodland

61.1%Pacific Douglas-Fir

36.0%Redwood - Douglas-Fir

2.5%Redwood

0.3%Jeffrey Pine

0.1%Incense Cedar

28%Conifer forest/woodland

45.1%Redwood - Douglas-Fir

39.1%Redwood

15.3%Pacific Douglas-Fir

0.2%Jeffrey Pine

0.2%Non-Native/Ornamental Conifer

0.2%Incense Cedar

9.35%Grassland/Prairie

99.5%Annual Grasses and Forbs

0.3%Pastures and Crop Agriculture

0.1%Non-Native/Ornamental Grass

Perennial Grasses 0.1%and Forbs

5.70%Hardwood forest/woodland

53.0%Tanoak (Madrone)

14.3%Oregon White Oak

13.5%Montane Mixed Hardwood

5.7%Canyon Live Oak

5.0%Black Oak

3.1%California Bay

1.9%Riparian Mixed Hardwood

1.4%Red Alder

1.2%Interior Mixed Hardwood

0.6%Willow

0.2%Black Cottonwood

0.2%Coast Live Oak

0.86%Barren
62.4%Barren

37.6%Urban-related Bare Soil

0.14%Shrub

69.8%Willow (Shrub)

8.7%Lower Montane Mixed Chaparral

8.6%Wedgeleaf Ceanothus

6.8%Scrub Oak

5.0%Blueblossom Ceanothus

1.3%North Coast Mixed Shrub

100.0%Urban/Developed (General)0.02%Urban

100.0%Agriculture (General)0.01%Agriculture

Statistics exclude classification of water 
 

streams become shallow and warm, and stressors on 
salmonids increase.  During these times when water 
flow is minimal (usually in the late summer through 
early fall), even a single diversion can significantly 
reduce stream flow.  Because these diversions are 
purposefully covert, especially for grows on public 
parkland or privately owned timber land, they cannot 
be managed and the cumulative impacts are 

unknown other than observations of significantly 
lower streamflows and some streams going dry 
during relatively wet years.  Sedimentation and 
pollution associated with grow operations are also 
increasing and becoming a greater concern. 

Additional vegetation types are barren, shrub, and 
urban (all covering <1% of the total subbasin area). 
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Fire ��
Historically, fire has shaped ecosystems throughout 
California, and there are three periods where human 
influences have managed both fire and fire 
environments differently: 1) prior to European 
settlement (before 1700); 2) the settlement period 
(1700 to 1920); and 3) the suppression era (1920 to 
present).  Fire patterns in pre-European times 
resulted in many millions of acres burning in 
California each year, with fire acting as a major 
cause of ecosystem change (CalFire 2003).  Fires 
renewed mature vegetation communities that 
required fire to restore vegetation life cycles. 

Habitat structure and composition, climate, weather, 
prior Þre history, land management activities, and 
physical properties such as elevation and aspect 
influence the frequency, size, and severity of fires 
(Flannigan et al. 2000, Pilliod et al. 2003).  Most 
fires are effectively suppressed using advanced 
technology and increased early efforts to protect 
resources, commodities, and people.  To reduce the 
potential for severe, widespread fires, fuel treatments 
are considered the only practical means of altering 
potential wildfire behavior (CalFire 2003).  In some 
areas where cutting and removal of fuel is 
controversial, infeasible, or prohibitively expensive, 
fire has been used as a tool to reduce fuel loads.  The 
extent, effects, and severity of subsequent fires may 
be limited by these prescribed burns (Collins et al. 
2008). 

Fire is one of the primary natural disturbance factors 
influencing vegetation structure in the Northern 
Subbasin.  Natural post-fire stands are usually a 
mosaic of burn severities, from unburned to stand-
replacing, within a watershed.  Historically, Native 
Americans and settlers used fire to manage 
grasslands and prairies, and to maintain the ratio of 
conifers to oaks in tanoak stands (BLM et al. 1996).  

Twenty four percent (35 mi2) of the Northern 
Subbasin has burned, with 19 fires on record since 
the early 1900s (Figure 14).  This percentage is the 
largest of the three subbasins, with 20% of the 
Eastern and 21% of the Western subbasin burned 
since the early 1900s.  However, fires have been 
more prevalent in the Eastern Subbasin, where the 
number of fires was greatest (35 fires), and lowest in 
the Western Subbasin (16 fires). 

The largest areas in the Northern Subbasin burned 
between 1990 and 2012 (17 mi2), and between 1950 
and 1969 (15 mi2).  The most recent large fire was 
the Canoe Fire, started by lightning in 2003, which 
was not a drought year on the north coast.  Coastal 
redwood forest is usually considered fire resistant, 
and large fires are rare since large-scale acquisition 
and fire suppression efforts began 1930s (Scanlon 
2007).  However, the Canoe Fire burned more than 
16 mi2 (more than 10% of the total subbasin area) in 
an old growth redwood stand, and was the most 
significant fire to have burned in coast redwood 
during the last half century due to the extent and 
diversity of vegetation types that were burned. 
Scanlon (2007) stated that historic fire suppression 
and exclusion practices in this area resulted in higher 
burn intensity and duration, which may have 
contributed to greater mortality of old growth stands 
(Figure 15 A, B). 

Fire behavior is strongly influenced by vegetation 
type and fuel moisture content.  More than 80% of 
the Northern Subbasin area vegetation is made up of 
conifer forest (28%) and mixed conifer and 
hardwood forest (55%).  Large fires in the subbasin 
(other than the Canoe Fire) burned in the Bull and 
Salmon Creek drainages, and in areas east of 
Phillipsville (Figure 14) where vegetation types are 
a mix of conifer/hardwood forest, hardwood forest, 
shrub, and grassland/prairie. 

Modern land use practices have influenced the 
likelihood and effects of wildfire throughout the 
subbasin.  Logging on highly erodible hillslopes has 
altered the natural hydrology, and construction of 
roads and stream crossings causes additional erosion 
and sediment runoff at greater levels than would 
have occurred naturally.   

Human settlement has also affected wildland fire 
patterns and occurrences.  Areas where residential 
communities border parklands or industrial 
timberlands are known as the wildland-urban 
interface.  In this interface, a combination of fuel, 
weather, and topographical conditions may create an 
environment of increased wildland fire risk 
(Humboldt County 2008).  These high risk areas 
have been identified throughout the county, and in 
2005 the CalFire-Del Norte Unit Fire Management 
Plan added the area between Pepperwood and 
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Figure 14.  SF Eel River Northern Subbasin fire history, with total square mileage burned within each time 
period.
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Figure 15 A, B.  Children’s Forest bridge in old growth area of Humboldt Redwoods State Park before (left (A)) and 
after (right (B)) the Canoe Fire in 2003 (photos courtesy of Dave Stockton, CA State Parks). 

Phillipsville (Cathey road/Avenue of the Giants) as 
an increased fire risk area due to hazardous fuel 
buildup, wildland-urban interface proximity, high 
value assets, and fire history.  Most of this added 
land is within the Northern Subbasin boundary, and 
land use is a mix of Humboldt Redwoods State Park 
and private property. 

Fire-fighting practices may directly affect the 
landscape and streams within the subbasin.  Actions 
and their effects include the following:  

�x Construction of fire roads and fire breaks, 
which may increase erosion and sediment 
input to streams; 

�x Aerial application of fire retardant in 
upslope and riparian areas (and directly in 
streams when mis-applied), which may 
result in the input of toxic chemicals to 
stream habitats; 

�x Prescribed burning, which may affect LWD 
recruitment, soils, and stream habitat 
(Pilliod et al. 2003). 

Land use practices influence the likelihood of and 
severity of fires throughout the subbasin.  Most of 
the land in the Northern Subbasin is open 
space/parkland (52%).  There is an active prescribed 
burning program in place on park property that is 
maintained cooperatively with efforts of Humboldt 
Redwoods State Park and the Humboldt-Del Norte 
Management Unit (CalFire 2012).  Benefits of 
prescribed or controlled burns include the following: 

�x Hazard reduction - fire decreases fuel loads 
that may destroy young stands in the event 
of a wildfire; 

�x Control of understory vegetation; 
�x Site preparation – to facilitate natural 

regeneration or prepare sites for tree 
planting; 

�x Enhanced wildlife habitat; 
�x Improved access; and 
�x Increase quality and quantity of habitat for 

fire-dependent native species (USDA-NRCS 
1999). 

Only 1.1 square miles of the basin area was managed 
using prescribed burns on Humboldt Redwoods 
State Park land (Figure 14), however, regular use of 
prescribed fire could reduce fuels so that 
catastrophic fires are less likely to occur. 

Reduced rainfall and drier conditions resulting from 
climate change may affect the natural fire regime 
(Flannigan et al. 2000, Fry and Stephens 2006).  The 
fire season in Humboldt County generally begins in 
June, peaks in August, and ends in October.  In the 
future, fire behavior will be less predictable due to 
changes in temperatures, precipitation, fire 
frequency and fire severity (Tetra Tech 2013). 
Despite the generally damp climate prevailing in the 
county’s forests, studies have suggested a fire return 
interval of 50 to 100 years in the northern part of the 
County, and 12 to 50 years in the south (CDF 2005). 
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