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INTRODUCTION .

The drainage basin of Redwood Creek is located a short distance .
northeast of Fureka, California (fig. ]))and comprised of ébout 280
square miles (725 square kilometers) of some of the most rapidly erod-
ing non—gléciated terrane in North Amgtica. High rates of erosi_on 7
reflect a combination of rock types, geologic higtory, climate, anq
land use that exigts throughout vast areas of ﬁorthwestern California
and southwestern Oregon. Early vertical aéria] photographs and geo-
logical investigations indicate that the pristine Redwood Creek basin,
even though it was about 85 percent mantled with a dense coniferous
forest, was subjected to episédic vigorous mass movément and stream
channel erosion. |

The'forests of this basin are a major source of both commercial
wood fiber and public enjoyment. As of 1973 about 65 percent of the
Redwood Creek basin was cutover forest land much of which displayed
actively eroding gullies and landslides that were c]ear]y‘;elated to
timber harvest and associated road construction. Nearly all the timber
haryesﬂ"gccurred in the last 25 years; 0f  about 20 percent of the
ba§in that still éears old growth forest, nearly two-thirds has been

set aside as public parks in the redwood (Sequoia sempervirens) -

dominated forests of the dqwnétream portion of the basin.
The parkland of lower Redwood Creek is included.within Redwood "
National Park which was established on October 2, 1968, when the

———— e
- —— ——

U.s. Congress enacted Public Law 90-545 in order "to brese;35§§ignificant

2
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examples of the primeval coastal redwood (Sequoia sempervirens) forests

and the streams and seashores with thch they are associated for purposes
of public inspiration, enjoyment, and scientific study,...". The southern-
most portion of this park is a seven-mile-long, half mile-wide appendage
that straddles Redwood Creek and that contains some of the park's most
magnificent redwood groves (fig. 2).

The Congress apparently foresaw potential problems in preserving
park values in the downstream end of an intensively logged, and highly
erosive drainage basin, as they provided the §ecretary of the Interior
with statutory authority .to engage in special actions designed to

protect park resources. The relevant sections of the Act of establish-

-

.ment are as follows:

Section 2a ""...The Secretary of the Interior...may from time to
time, with a view to carrying out the purpose of this Act and with
particular attention to minimizing siltation of the streams, damage to
the timber, and assuring the preservation of the scenery within the
boundaries of the national park as depicted on said maps, mod1fy said
boundaries...".

Section 3e "In order to afford as full protection as .is reasonably
possible to the timber, soil, and streams within the boundaries of the
park, the Secretary is authorized, by any of the means set out in
Subsections (a) and (c) of this’section, to acquire interests in land
from, and to enter into contracts and cooperative agreements with, the
Owners of land on the periphery of the park and on watersheds tributary -
to streams within the park designed to assure that the consequences of
forestry management, timbering, land use, and soil conservation practices
Conducted thereon, or of the lack of such practices, w111 not adversely
affect the t]mber, soil, and streams within the park..

Publlc Law 90-545, however, also restr1cts the total acreage of the park
to 58 000 acres and limits expendxture of public funds for land acquisi-
tion to 92 million dollars, so that an apparently impressive array of

ettt gt o ts g

discret1onary authority is actual]y rather limited. &2



Shortly after the creation of Redwood National Park, the Secretary
of the Interior and the National Park Service initiated a series of
studies designed to assist them in understanding the various options
for protecting and managing the timber, soil, streams, and scenery
within the park. The first of these studies (Stone and others; 1969)
described "poténtial]y destructive inputs into the park," and.the impact
of 1and-managemént actiQities on the magnitude of those impacts. This
report went on to recommend specific restrictions to be applied to timber
harvest and other management activity within 800 feet (244 metres) of
the park boundary and urged creation of a voluntary Redwood Creek land
management association to address itself to stabilizing the activejy

‘roding upper Redwood Creek watershed.' The possible need for additional
Federal action to protect the ﬁedwood Creek unit of Redwood Nationg]
Park was reviewed again starting'in March of 1972 by a'University of
California—Federa]'interagency task force under the leadership of
Or. Riehard C. Curry. This task force (Curry, 1973) identified channel
instability as the greatest potential threat to park resources and went
on to recommend that increased éfforts be made to influence management
actions in areas well beyond the BOO-fbot buffer zone proposed by Stone
aﬁd others (1969). . Understanding of the interactions between various

‘”Qeohepphic processes and the terrestrial and aquatic ecosystems that

_:fnhabit tﬁé Redwood Creek basin was so incomplete,-however, that the
Curry task force did not feel comfortable in making final action recommenda-

L)
tions, but suggested that the National Park Service in cooperation with



the U.S. Geological Survey initiate studies to provide data needed

in formulatiﬁg management activities that would assure,to as great

a degree as possib]g’the preservation of park resources. Thus, on
August 16, 1973, the National Park Service requested and formally
authorized the Geological Survey fo initiate a three-year study

designed (1) to delireate and to describe particu]ar'portions of the
terrestrial and aquatic ecosystems within Redwood National Park that

are direc¥1y or indirectly threatened by recent changes in the intensity
of erosion and sedimentation, (2) to define more precisely the magnitude,
frequency of occurrence, and duration of the processes that pose the
most imminent threéts, and (3) to assess fhe impact of reéent.road

. construction and timber harvest on those processes.

PURPOSE AND SCOPE

The two major purposes of this report are to describe the physical
condition of the drainage basin of Redwood Creek as of 1973, and fo
attempt to identify processes that are modifying or are threatening to
modify the‘ecosystem that inhabits Redwood National Park. In attempt-
ing to fulfill these goals, major uncertainties and inadequacies in the
available data base have been identified and are now being studied as
Part of our continuing research in tﬁe draipage'basin.  Cdnsiderable
Pué]ip debate has focused on possible timber haryest—induced changes
;in the hydrologic and sedimentation regimes of Redwood Creek and the
Potential impact of those changes on the resources of Redwood National
Park. This report addresses itself to those issues-at considggable

length, but attempts more to isolate specific questions than to provide



st«;r:. Intcerim and final r-ports of our continuing ctudies will
attempt to answer some of those questions. The present report is composed
mostly of a descripticn of both the physical setting of the drainage
tazin of Redwocod Creck and some of the physical processes that influence
the terrestrial and asguatic ecosystems that inhabit the basin. The
description is based primarily on a compilation and interpretation
of numerical, déscriptive, and photographic information that was available
at the end of 1973, prior to the initiation of intensive data collection
by the Geological Survey. The report attempts to bring information from
various germane scientific disciplines together into one unified body
of data so-that interrelationships between different processes and
between processes and organisms become more readily apparent. Most of
.:he numerical computations, statistical and graphical analyses,
and interpretations of data presented here were completed.after December
1973, While this report was in pieparat;on, the data base was constantly
expanding, If new data either contradict or clarify relationships
Suggestéd by the older data, the new data are briefly discussed in

-

Passing, but .not discussed in detail, For example, the report contains
Physiogfaphic a;gauiﬁciuding erosion process informacion'gléaned from inter-
Pretations of published 15-minute topographic quadrangle maps and historical
sé‘!.uences of aérial photographs, but it does not present data discernitl:
only on detailed toﬁographic maps and aerial photographs obtained arfter

December 1973. The intent was to describe the condition of the basin

& a point in time--late 1973--and to suggest how it got that way.

ThEYefore, the interpretations in this report should be considered preliminary

—— ey e

and Ssubject to revision as more definitive information becomegfgeailable.
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GEOLOGIC SETTING AND REGOLITH

The lithologic and structural properties of the-rocks of the
Redwood Creek basin make them highl} susceptible to chemical:decomposi-
tion and erosion. Geologically recent uplift may also have influenced
present rates and'prdccsses.of erosion. The geologic setting énd
history of this.basin, however, are poorly uﬁderstood-ﬁecause the
spatial distribution of rock units for most of the basin is known only
from reconnaissance mapping (Strand, 1962, 1963 and references therein),
and the nature of the geologic contacts has been studied only cursorily.
Evidence concerning the evolution of the topography during Neogene and
Quaternary time is particularly meager{

OCK TYPES ‘AND ASSOCIATED REGOLITH

The entire basin upstream from the mouth'of.Praiiie Creek is.

. underlain by the strong]y.indurated.Franciscaﬁ.assemblage of rocks ({iga.

whose ofigih, metamorphism, and- subsequent tectonic deformation are
related to sea-floor spreading aﬁd subduction of the Pacific Ocean
floor bgneath the western edge of NSrth America (Blake and Jones, 1974).
These rocks show varying degrees of meiamorphism with texture zones 1,
2, and 3 of Blake and others (1967) all being present. Marine sedi-
Bentary and metaseﬁimentary rocks are far more abundant tﬁan volcanic
and metavolcanic rocks. No fossils have been found within the
Franciscan assemblage in the Redwood Creek basin, but petrographically'
Simitar rogks can be traced southeastward where fossils and radiometric
dating suggest that these rocks are of Late JuFassic-and Eav]g?

Cretaceous age (Blake and others, 1967).
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‘The rocks underlying the nc;thwestern'Lost Man Creek basin and
the upper Prairie Creek basin, in contraét, are unnamed, weakly
indurated coastal pfain sediments. These unnamed sediments contain
Pliocene or younger plant fossils and interfinger with the marine
Pliocene St. George Forhation (Mdore and éi]ver, 1968).

Essentfa]]y.unmetamorphosed.Francistan'sedimentary rocks‘
underlie most df the eastern side of the basin. Most of the rocks labelled
"KJF" iﬁ Figure 3 are texture zone 1 rocks (Blake anc‘l— ot.hérs, Vl-967). | (.;r'a-ywa:ke
sandstone (1lithic and arkosic wacke, according to Williams and others,
1958, page 259) is the most abundant rock in this zone. Lesser amouﬁts
of mudstone and conglomerate are present. Some of the conglomerate is
composed soie]y of subangular to subrounded granules and fine pebbles
’unmetamorphosed mudstone in a sand matrix. Most of the conglomerats,
hovever, shows pebbles derived predominant]y from rocks resistant to |
chemical weathering such as cherf, fine—grainé& metavolcanic rocks,
Quartzite, and ﬁuartz porphyry. . A few clasts of fine-grained plutonic
rocks are present, but clasts derived from rocks resembling-schists of
texture zone 3 are absent. Beddinb, although often obscure, is mostly
from 4 to 120 inches (0.1 to 3 meters) thick. Graded bedding and other
internal sedimentary structures inqicative of deep water, turbidite

, deposition are common.

b -~

-— . - -

The western part of texture zone 1 rocks in the Redwood Creek basin
re finer grained, lithologiéally more diverse, and structurally more
°°Wq}ex than rocks in the eastern part. Smail'discontinuous bodies of

}eenStone and bedded radiolarian chert are present. Mddstone units that
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are several tens of feet thick are'interbedded with the sandstohes;
less conglomer.ate is present than in the eastern part. Sheared and closely
fractured rocks are also far more prevalent in the western part than in the
eastern part of texture zome 1. Throughout most of the basin, earthflows and
other forms of mass movement are périicular]y common in the area
immediately east of the main channel of Redwood Creek (Colman, 1973)--
an area with many Ehea}eﬁ mudstone units. The general appearance of
the westerﬁ part‘of’texture zone 1 in the Rédwqod Creek basin generally
resembles that associated with some.of the extensive tracts of
Franciscan melange farther south in the Coast Ranges, except that exotic
blocks (“knockers")“of amphibolite and metavolcanic. rocks are absent.
Texture zane 2 rocks, which in the Redwood Creek basin are composed ,
.ﬂmari]y of phyllite and stretch-pebble conglomerate, represent a
transition betwéen the essentially unmetamorphosed}seéimentary rocks of
texture zoné 1 and the schists of texture zone 5. Mudétonés typically
have partially recrystallized and display a weak c}eavage and a micaceous.
"sheen" but ﬁo pronounced mineral segregation or foliation. ~ Sandstones
and conglumerates of texture zone 2 have not recrystallized but cataclastic
rotation and flattening of grains in these rocks have produced an é]igae:
fabric that is cleafly discernible in the field.
.Hfthin the Redwood Creek basin, rocks of texture zone 2 crop out

3
’

&Prﬁiﬁsaliy in close proximity to Redwood Creek ir a narrow belt at

A d .

-$he western edge of the belt of rocks labelled as "KJF" in tigure 3

Iéfﬁgre zone 2 throughout -most of the basin is 1,000 to 3,000 feet
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(305 to 914 mete}s) thick which is comparable to of slightly thinner
than texture zone 2 in the Black Butte-North Yolla éolly area where |
such rocks form a complete unfaulted transition between unmetamorphosed
sandstone and schist (Blake and others, 1967). . Locally within the
Redwood Creek basin, texfure zones 1 and‘3 are in shérp contact with
no intervening zone 2 present. .

Naturally-occurring bedrock outcrops are- scarce iﬁ areas away
from the major stream channels in the Redwood Creek basin because of
i near]f ubiquitous mantle of colluvium and (or) re§idua1 soii which
supports dense vegetation. Distingufshing between residual soil, |
.and colluvium derived from deep residual soil and 'séprolite is often
- difficult, so we apply the term regblith to.the entire surficial mantl=s
of unconsolidated materials produced b} both hil]slopg erqsion.processss
and mechanical and chemicél weatheriné. Regolith includes sabro]ite,
colluvium, and residual soil.
| The rocks of texture zones 1 and 2 bear quite simila§‘rego1iths.
The thickness of the regolith is highly variable ranging from less thar.
2 feet (less than 0.6 meters) along many hilltops and divides in the
Southern part of the basin, to more than 13 feet (more.than 4 meters)
0" some broad divi&es in the northern part of the basin, in some
landslwdes, and on many other mid- slope and lower-slope s:tes The
EVerage thickness, however, is probably less than 6.6 feet (less than
2 meters). The colluvium is mostly stony loam and stony-clay loam

_t"at appears to represent eroded .saprolite and residual soil. Some
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open-worked angular rubble on steep sandstone slopes in the eastern
parts of the Lacks Creek and Minor breek basins, and-at the margins
of large isolated "knocker"-like outcrops of sandstone and grcenstons
in zone 2 and the western part of zone 1 is rockfall talus derived
from relatively fresh rock materials; some talus has been displaced
downslope by creep. Most of the residual soils in the Redwood Creek
basin have formed on stabilized colluvium rather than on in situ
bedrock.

Type and degree of soil profile developﬁént, as indicated on
1:31,680 scale soil-vegetation surveys (Alexander and others, 1959-62)
are virtually the same on rocks in texture ‘zones 1 and 2 with common

.soil series including Hugo, Melbourne, Mendocino,‘A‘l':well, Kneeland,
and Tyson. A few small patches of strongly developéd soils resgmbling
the Josephine soil series are found in association with the Hugo and
Melbourne 'soil series on midslope positiéns in the northern part of

the basin., Parent materials for the Hugo soil series appear less

-
-

deeply weathered and less cohesive in the southern part of the basin
than in the north. The Kneeland and Tyson soil series are grasslgnd
Soils; the others are all forest soils. The Hugo soil series is more
&bﬁndaﬁt than all the other soil series developed from texture zones

L and 2 combined (Ivatsubo and others, 1975, tables 2 and 3).

* The grain-size distribution and ped structure of all theée soils , -

€ive them high infiltratioé capacities and generally good subsurface
dr&inage. However, their surface horizons are’ dominantly loams and

W - - vy

Stony loams with little cohesion, so that when surface runoffRoes
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occur, the erosion haiard is moderate to very high (Alexander and
others, 1959-62). '

Most of these soils, even though they are often developed from‘
deeply decomposed and leached parent materials, show only meager soil
profile development and are classified as inceptisols. The more
strongly developed Melbourne, Mendocino, and Josephlne soils are
ultisols. The inceptisols and ultisols both show decreasing pH and
(where laboratory analyses are available) base saturation with increas-
ing depth, The concentration of organic matter in surface horizons
and the higher base saturation of the surface horizons relative to
those at depth suggest that the reservoir of available essential plant
nutrients is concentrated in the surface and nearfsurfaqé soil horizons,

. and that the fertility of these soilé is strongly dei:endg’nt upon
nutrient recycling by plants (Buol and others, 1973, p; 278). The

physical removal of the surface horizons of these types of soils by, “for

example, earth-moving equipment or erosion, thus would result in a significant

loss 1n the potential site productivity.

-~

The Atwell soil series is developed from pervaélvely sheared rocks
within the western part of tex;ure zones 1 and 2 and along the north-
Dorthwest-trending faults in the basin. The Atwell soil series is not

.Sisnificantly more susceptible to surface fluvial erosion than other
S0il series in the basin (Alexanaer and others, 1959-62) , but parent
matenals for this soil series are particularly susceptible to repeated

mass movement failures (Stone and others, 1969). The soil parent are,

therefore, relatively
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unweathered rock and colluvium. 'Thesc soiis commonly haQe more
c]ax,and higher pH and base saturation values than s6ils developed
from less sheared rocks within texture zones 1 and 2. Their pH and
base saturation do not necessarily &ecrease with increasing depth.
The Atwell soil series is, therefore, quious]y classified as either
an alfisol or an Q]tfso? depending upon the results of laboratory -
studies of individual soil profiles. . |

Rocks of texture ione %,which.have previously been mapped as the
Kerr Ranch Schist of Manning and Ogle (1950), consist mostly of lignt
to medium gray, well foliated quartz-mica -feldqur schist and quartz-
mica schist.‘ The schist has recrystallized to form alternating
individual ]amfnae, a few millimeters in thicknesg, that are either
predominantly hica, or predominantly quartz or quartz and feldspar.
Other common rocks within texture zone 3 are quariz-ﬁica-graphite
. schist, phyl]ité, both massive.and foliated greenish-gray metavolcanic
rocks, amphibolite, and metachert. | ST

'Lens-]ike'and vein-like quartz segregations are abundant throughout
texture zone 3. Petrographic examination of thin sections (Manning anc
09191.1950) and hand specimens suggest that this unit contains rocks frin
both the greenschist and the glaucophane schist faciés of regional
Netamorphism (Turner and Verhoogen, 1960). The metasedimentary rocks
appear to have beéﬁ derived'from a suite of sedimentary rocks that was
Dreddminaqtly finer grained than most of textﬁ}e zone 1 in the Redwood
-Creck basin. In most localities the foliation is well‘developcd. steeply

"dipping, and intricately deformed.
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Rocks of texture zone 3 crop out fhroughout the western half
of the Redwood Creck basin and in a.separate north-northwest trendiﬁg
belt in the eouthcastern corner of the basin (fig. 3 ). -

The unnamed weakly indurated Pliocene coastal plain sediments
that unqerlie most of the Prairie‘Creek basin (Diller, 1902;.Strand,
1962, 1963; Meore and Silver, 1968) are several hundred feet thick and.
in'part auriferous. Diller (lQOZ)interprets these roeks as being
deposited in an ancient mouth of the Klamath River. The unit, however,
has not been studied in detail and some littoral and (or) estuarine
deposits crop out in the southern part of this unit. Multiple cycles
of deposition may be recorded. .

there schist ;nd sandstone cfop out in close -proximity to one
another, as in the drainage basin of Harry Wier Creek, regolith derived.’
from the schist is generally deeper, redder, f1ner grained, and more
coheslve than that derived from sandstone. These d1fferences reflect
the fact that the schist uéually mechanically breaks down into finer,
Wore weatherable fragments than the sandstone. The small size of the
schist fragments, in turn, results from the schist laminae being many
times thinner than the sandstone beds, and from the more abundant,
ctlosely spaced joints and faults of ;mal] displacement iﬁ the schist.
Clay is more abundant because the metamorphic mfnerals.are more labile
; "th respect to chemical weathering than the primary minerals in the

ksﬁndstone and shale.
developed
The most common soil serles/on texture zone 3 schists are, in

Order of increasing degree of soil profile development, Mastemson, Orick

2d Sites (Alexander and others, 1959-62). The Masterson soil series
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underlies about 22 percent of the entire basin, makfng it the most
abundént soil series in this basin‘(Iwatsubo and others, 1975, Tablés
2 and 3). This soil series is an inceptisol with infiltration capacity,
subsurface drainage, and susceptibility to surface fluvial erosion
comparable to those associated with the Hugo soil series. The Orick
and Sites soil series are ultisols that also héve high infiltration
capacities and generally good subsurface draiﬁage. However, these
soils are somewhat more clayey and cohesive -than either the Masterson
soils or the soils derived from sandstone and mudstone. When surface
'runoff does occur, the Orick and Sites soil series, therefore, are only
mderately susceﬁtib!e to ;urfa;e fluvial erosion (Alexander and others,
) .1959-62). As in the case 'of soils derived from’ ;ahdstone and mudstc-netv
" the available plant nutrients are concentrated in the surface and near
surface soil horizons of the schist-derived'sojls. Atwell soils are
mapped on.pervasively sheared schist as well as sandstone; tée pervasive

-

'shearing apparently determines the dominant profile characteristics
déspite profound differences in primary mineralogy. )

The youngest stratigraphfc documentation of the geologic history
Of‘the Redwood Creek basin is provided by remnants of alluvial strath
terraces along fhg main channel. These are preserved primarily on
reI;tiver stable drainage divides of tributary basins, and even there

tﬁ;%upper terrace surfaces are often drastiéﬁlly modified by erosion

or burial by colluvium. These terrace remnants, except for the area
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petween highway 299 and Lacks Creek, are for the most part less than 10
acres (4 hectares) in size. The alluvial terrace veneer consists of
coarse gravelly alluvium no more than 33 feet (10 metres) thick, which
is a thickness comparable to or only slightly greater than the thickness
of presently active alluvium along the main channel. No evidence for
thick alluvial fill caused by landslide dams, sea level oscillations, or
persistent major changes in load-discharge relationships has been found.
The stream terraces along Redwood Creek, therefor;, most Tikely reflect
progressive downcutting.

The alluvial terraces along Redwpod Creek contain no fossils and can
be.dated only by comparing the degree and type of soii profile development,
‘ne-weathering characteristics, and erosional modification that they
_display with that displayed by better dated, lithologically similar
sediments under comparable veQetal and climatic conditions. Provisional
ages have been assigned to the alluvial terrace sediments of Redwood
Creek primarily on the basis of comparisons between these sediments and
the glacial ti11 and outwash in nearby areas of north-western California
(Davis, 1958; Sharp, 1960), and a sequence of highly fossiliferous - 4.af> ]
coastal deposits near Cape Blanco, Oregon (fig. 1) (Janda, 1970). These
Comparisons suggest that eroded patches of alluvium as high as 490 feet

| (150 métres) above the present channel of Redwood Creek are mid-
PiE}éiécehe or younger, and that terraces as high as 90 feet (27 metres)
-ﬁbove the present stream are at least as old as the more than 20-thousand
’eﬂr-o1d Tahoe (early Wisconsin) Glacier, but no.older than the prominent low

‘%Stal terraces thought to be about 120,000 years old (Birke1and and.
Others, 1971).
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FAULTING
A1l contacts between unmetamorphosed Franciscan sedimentary rocks and
schist within the Redwood Creek basin have previously been mapped as high
angle faults (Manning and Ogle, 1950; Strand, 1962, 1963). These units
are separated by the north-northwest trending South Fork Mountain, Grogan
and Bald Mountain Faults and numerous smaller cross faults (fig. 3). These
large north-northwest trending faults, however, were mapped prior to recog-
nition of the transitional texture zone 2 rocks..'Moreover. the geometry
of the proposed faults, and their sense and history of movement are
accurately known at a few localities. Recent mapping in the Willow Creek
Qdadr;ng]e (Young, in press) suggestg that the thrust-related metamorphic
gradation proposed fﬁr the South Fork Mountain Fault in the North Yo]a Bolly
,rea may also apply to the South Fork Mountain and Grogan Faults in the
southeastern part of the Redwood Creek basin. However, the Grogan Fault,
which is closely fo]1owed by the main channel of Redwood Creek for many
miles, appears to be quite complex. At some localities the metamorphic
gradation appears incomplete or even nonexistent. Intensively sheared
rocks and serpentine are locally associated with this proposed fault.
W¥hatever the tectonic nature of the South Fork Mountain and Grogan Faults,
Bany mass movement failures occur in the disrupted rocks along their traces
(Colman; 1973; Young, in press). The Bald Mountain Fault in the vicinity
of Lord E11is Summit appears not to be associated with any texture zone 2

'“Ck§ (Harvey M. Kelsey, written communication, 1975).
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Some arcas of pervasively shéaned rock occur within the belts of
schist and saﬁdstoﬁe, as well as at their margins. Some of these areas
appear to line up with one ahother;_and with'ﬁli;éd topographic features
to define north-northwest trending shear.zones or faults. The two most
prominent exampies are ]ineaments.defined by linear reaches of Minor
Creek and Lacks Creek, and by linear reaches of Bridgé Creek, Devils
Creek, and tributaries to Panther Creek. Pgtches of the Atwell soil series
(Alexander and others, 1959-62) anq numerous recent landslides (Colman,
1972) are mapped along these two 1ineaments.

_The north-northwest trending féults in_the southern part of the

dwood Creek'basiﬁ are apparently not active at the present time. At
least two.of these faults, the Grogan and Bald Mountain Féu]ts, are
offset by high angle, east-northeast trending faults yhfch also offset
the fault-bounded trough of Fallor Formétion é]ong the northeastern
side of the Mad.Rfver valiey (ﬂanning and Ogle, 1950); The Fallor
Farmation consists of more than 2300 feet (more than 700 meters) of ~
marine, estaurine, and fluvial §ed%ments containing abundant late Plicczne
molluscan fossils (Addicott, 1974). |
| }n the northern part of the basin the Grogan Fault apparently has
®moved in post-Pliocene time as it'offsets the unnamed beds of prbbabla

- Pliocene age that underlie much of the Prairie Creek basin (J. C. Young,

_oral communication, 1972). "Additionally, Franciscan sandstones appear
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to have been thrust over the same unnamed beds in the northern Lost Man
Creek basin (J. C. Young, oral comm&nicat;on, 1972).

No historic earthquake epicenters have been recorded in thé Redwood
Creek basin. Earthquakes, however, commonly do occur along a line
extending eastward from near Cape Mendocino, in the Eel River embayment,
and off the preseﬁt shoreline. Ground vibrations from these nearby
earthquakes are felt in the Redwood Creek basin. Seismically-induced
stresses, therefore, should be included in'éonsiderations of hillslope
stability in this area. '

REGIONAL SUBSIDENCE AND UPLIFT
A sequence of lagoons and alluviated coastal Ya}léys between Big
.agoon and Orick attest to recent submergence. Holocene rise of sea-
" level probably'accounts for most of this submergence, but some may reflect
tectonically-induced subsidence. Sea cliff exposures ét Gold Bluffs
and between Patricks Point and Big Lagoon show cogtinehtal'sediments of
Pliocene or P]eigtocene age warﬁéd“be]ow sea-level (Moore and Silver,
1968). Offshore, these rocks appear to be folded into northwest-trending
folds with dips of generally les; than ten degrees and an average waveleng:n
of about 3 miles (§ kilometers) (Moore and Silver, 1968).

Late Cenozoic tectonic uplift of the inland -portion of the drainage
F‘Siﬁs of Redwood Creek and surrounding streémg'profoundly influenced
t°P°9r$phic development and pregedt erosional proéesses in these basins

by Causing deep incision into rocks that had been intensively fractured
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and sheared by qarlier tectonic act{vity. Progressive channel incision
is recorded by ridgé-capping stream gravels ihmediately east of the-
Bald Hills (Strand, 1963), the "Second and Third Cycle" auriferous
gravels of the Trinity River (Diller, 1910), the strath terraces along
Redwqﬁd Creek, and similar terraces along the Mad and Van Duzen Rivers
(Harvey Kelsey, written communicétion, 1975). This uplift, at least
locally, extends westward to the present coast, as documented.by the
sequence of coastal terraces that between McK%nleyvi]]e and Patricks
Point extends up to an altitude of at least 1,280 feet (390 meters).
These coastal terraces are probably entirely of Pleistocene age as they
are cut, in part, across sediments containing mid-bleistocene molluscs

.‘nd mammals (W. 0. Addicott and Charles Repenning, oral cpmmunicafion,
1973). Moreover, even the highest of these terraces displays a degree
of soil prqfile development comparable to that shown by fossiliferous
mid-Pleistocene surficial terrace’sedimeﬁts in southwestern Oregon.
The océurrence of the strongly de&eloped Sites and Josephine soil series
on and near some broad, gently sloping drainage divides, in contrast to
the occurrence of the less stro;gly developed Orick, Masterson, and
§heefironx series on adjaéent lower h%llslopes may provide additional
evidence of recent .incision in areas without geologic deposits (Zinke

' "Tand Colwell, 1965).
-, MATURAL RATES OF EROSION
The distribution of certain Pliocene and duaternany sediments,

- 2
. Yandforms, “and soils allows limits to be placed upon natural long-term
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avefage rates of erosion in parts of northyestern California and
southwestern Oredon'(Wahrhaftig and Curry, 1967; Janqa, 1971, 1972). j
The volumes of rock eroded from beneath coasta; landforms that are thinly
mantled with fossiliferous marine sedimenfs/igat range in age from about
80,000 to 10 mi]iion years suggest ad’average long-term erosional
lowering of the.landscape of less than 0.5 foot (0.15 meter) per thousand
years. Franciscan.rocks or rocks of the Iitholo@ica]ly and structuéa]ly
similar Qtter Point and Rocky Point ?ormatiohs accounted for all of the
eroded volume except for that associated wifh the surficial veneer of late
Cenozoic sédiments.
Four aspects of the geologically computed average rates of landscace
‘owering must be stressed. First, these rates are an upper limit on tne '
long-term éverage in the areas for which they were computed, Whenever .
any uncertainty existed concerning either the;age_or the volume of eroded
" material, the assumption that maximized fhe erosion rate w&s chosen.
§ggggg,'expressing erosion rateé'as the average lowering of an entire
drainage basin is misleading becéuse efosion is concentrété& along strearn
channels and landslides with re]hti§e1y little erosion occurring along
drainage divides; nonetheless, this procedure does allow for convenien:
Comparisons betweénvdifferent drainage basins. Third, these Yong-term
_Pates are the average of periods of slow.erosion and periods of rapid
Erbsion. Rates may have increased through time in response to increases

In local relief and surface area caused by progressive stream incision;

Yates may d1so have responded to Quaternary climatic fluctuations,
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eustatic changes in sca level, and tectonic events. Fourth, average

rates of landscape lowering cannot be computed for areas where erosion
has been so severe that reconstruction of the original landform is nd
longer possible. The degree to which the first and fourth items cohntcr-
act one another is not known. .

A geologic check on the reasonab?enéss'of the long-term erosion
rates based upoﬁ volumes of eroded rock is provided by the long-term
rate of sedimentation in the deep ocean and the centinental margin.
Recent geophysical work summarized by Silver (1969), indicates that
rivers and seacliff erosion provided the ocean off northern California

13 cubic feet (69 x 10]2

and southern Oregon with not more than 8f.4 x 10
ic meters) of sediment during the last 5 million years. This would

require erosion of about 61.4 x 10]3 cubic feet (52 x 10]2-cubic meters)_‘

of rock and suggests a long-term average rate of erosion of 0.9 foot

(0.26 meter) per thousand years. Si]ver‘(oral.commUn.; July, 1972)

Stresses that the sediment volume presented in his thesis is an upper

linit on the actual volume; the actual volume may be only Gd-percent

of this limiting value. Silver alﬁo indicates that some of the sediment

‘"Clﬁded in computing that volume may have been derived from the Columbia

River rather than from drainage areas immediately_onshore. Cbviously, ths-,

the rates of erosidnAderived from the estimated volume of sedizent depositad

d“""Q'the last 5 million years should be considered an upper 1imit on .

the actual rate. The second and third items of concern in tke preceding

Rragraph also apply to this rate.
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'Reconstrhction of an old landécape that can serve as a
satisfactory reference in computing long-term rates of landscape
lowering in the Redwood Creek basin is not possible because'the
preserved patches of terrace gravéls and o1d soils are too small
and widely scattered. Moreover, lithologic diversity of the bedrock
probably always resulted in a complicated 1aqucape of moderate relief.

An ubper limit on the ]ong-term average rate of erosional lowering
of the Redwood Creek basin can be Ealcﬁiated,based on the assumption
that during late Pleistocene and Holocene time the main channel of -
Redwood Creek was lowered more rapidly than the drainage basin as a

‘lhole. This .assumption seems justified in light of available physio-
graphic and pedologic evidence. As discussed in the physiography section
of this report, cro;s-va]]ey profiles of the Redwood Creek basin show
irregularl}, convex-upward hillslopes with thé stegpést slopes being
adjacent to Redwood Creek and its more deeply—in;ised tributaries.
Hillslopes adjacent to these chénne]s show thinner, less strongly
developed soil profiles and more active mass movement thén hillslopes
farther away from the channels. Bedrock outcrops are common in and
adjacent to the c;eek, whereas they are uncommon elsewhere. The overall
Impression is that’hi1ls]opes adjacent to the c}eek have been over-
Steepened by active channel incision. The extensive mid-slope and
Upper slope areas.of strongly developed Sites, Orick, Josephine, and
He1b0urne.soﬂ series, on the other hand, attést to much slower rates

of erosion. Weli-drained ultisols with strong brown or redd¥$h-brown
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colors, and well-developed textural B-horizons are found only on sediments
and landforms thaé are at'least several tens of'thousqnds of years old
and that are usually more than 100 thousand years old (Birkeland and others,
1971). Fully developed ultisols with brownish-red and red colors and
extremely argillic B-horizons, such as_the Sites and Joéephone soil series,
are foubd only on early and middle Pleistocene landforms that are at least
several hundred thousand years old (Trimble, 1963; Crande]l and others,
1965; Balster and Parsons, 1968; Janda, 1971). These soils could not per-
sist if erosion was vigorous as.the sites where they are preserved.

Soil stratigraphic correlations discussed earlier indicate that river

terraces up to 90 feet (27 metres) above Redwood Creek appear to be less

‘han 120,000 years old but more than 20,000 years old. However, the highest

of these terraces is probably at least 60,000 years old. The maximum

possible average rate of incision is, thus, about 4.5 feet per thousand

.years. Because the 90 feet (27 metres) terrace is probably more than

60,000 years old, a more realistic.upper limit on the rate of incision is
about 1.5 feet per thousand years. Therefore, during late Pleistocene and
Holocene time, the average rate of erosional lowering of the Redwood

Creek basin could not have been more than 1.5 feet per thousand years, and

Was probably much less.
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PHYSIOGRAPHY
GENERAL

The drainage basin of Redwood Creek (fig. 1) is composed of about 280
square miles (725 square kilometres) of rugged terrane within the North
Coast Ranges of California. The creek flows into the Pacific Ocean about
17.5 miles (28 kilometres) south of the mouth of the Klamath RiJer and
37.5 miles (60 kilometres) north of the mouth of Humboldt Bay. The
midpoint in the basin is about 24 miles (39 kilometres) northeast of
Eureka. The basin is strongly elongated in a north-northwesterly direc-
tion and is about 56 miles (90 kilometres) long, and 4.5 to 6.9 miles
(7.2 to 11.1 kilometres) wide throughout most of the basin. The elonga-
tion ratio for the basin is 0.34.

. The intricately dissected drainage basin is characteriz:ed by high
rglief, moderately steep to steep unstable hillslopes, and narrow valley
bottoms. Hillslope steepness and instability, however, are not particu-
larly excessive in the Redwood Creek basin felative to most other drainage
basins {n north coastal California. The drainage density for streams
indicated by ﬁlue lines or inf1ection$ of contour lines on 1:62,500 topo-
graphic maps is about 7.7 miles ﬁér square mile (4.8 kilometres per square
ki1Qmefre) for the basin as a whole with the headwaters showing a slightly
Qfeater density than downstream areas (Iwatsubo, and others, 1975). The
tota] basin relief is about 5300 feet (1615 metres). Cross-sectional
Telief normal to the basin axis }anges from aboﬁt 200 feet (610 metres) -

in the north, and more than 3000 feet (914 metres) near the head of the basin
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(;ig.q ). Throughout the entire basin the eastern drainige divide
stands higher than the western divide (fige. 4 ‘). The relief within
individual tributary basins ranges from 1320 feet (402 meters) to
3833 feet (1183 meters) with all valhues less than 2000 fzet (610 meters)
being restricted to small northern tributary basins. Th2 highest peaks
and greatest 1o;a1' tobographic reh’ef occur in the southastern part
of the basin near Spike Buck Mountain. The average hillslope gradient
for the entire basin, as determined by the W'enth;orth (1¢30) technique,
is about 0.26 (14.4 degrees). More than half of the incividual hill-
.steeper than 0.05
slopes/ ,however, display average gradients in excess of 0.35 (19.3
degrees) (fig. & ). The eastern sides of Minor and Licks Creek display
‘he steepest hﬂ]s]Zpes in the entire Basin. Flood plains are dis-
_ continuous and narrow with widths in excess of 200 feet (61 meters)
being uncommon except for areas between Minor C_reek‘an‘d Mill Creek,
mear the mouth of Lacks Creek, and near Orick. The pau:ity'of flood
Plains means the active stream channels often abut. directly against
the hillslopes. From several vantage points within the baSi;l, an
fnner valley appears to be incised ihto_an-older landscape with
Considerably less rélief than the present landscape (Diller, 1902).
RILLSLOPES

,,\k"et“ic Properties
-l ee —_t -

Hﬂ}'slope length, steepness, and shape provide’ important -indications
"" the relative susceptibility of hillslopes to variows erosional processes
(Ca;- SPn and Kirby, 1972). These properties were deternined at 473 points

)

that . _ .
B Portion of the basin that lies upstream from the mouth of

N -
3 rectangular grid superimposed on a 1:62,500 topozraphic map of
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* PERCENT IN CLASS INTERVAL

Mean e 1613 feer (492 met‘eu)
4 . Standard Deviation = 1019 feet (311 meters)
fad
> ISH
[+ o4
ws
t_
Z
@ lof ]
3 .
(8] .
z
=N
w
(8]
o
W
Q.
00 200 600 ic00 1400 1800 2200 2600 3000
) LENGTH OF HILLSLOPE
25|
20
i Mean = 0.34 _
Standard Oevigtion = Q.11
ISF
10F
st
S I s o

o 40

20 30 40 SO 60 .70
'HILLSLOPE GRADIENT

Figure 6. Histograms showing the distribution of length
and stecpness (i.e., gradicent) of 398-wgndomly
selected, individual hillsides that display
gradients stceper than 0.05 and that are located
within the Redwood Creck basin upstream from the
mouth of Prairic Crceek.
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.‘alme Creck. The drainage basin of Prairie Creek was excluded
because of gross differences bctween the erosxona] resistance of the
bedrock there and in the upstream portion of the ba§1n. Measurements
vere made at each Qrid point along a line drawn normal to the contour
lines and extended from the nearest divide to the nearest valley.
Many of these divides and valleys were défined by rather subtle contour
inflections. :

-

Seventy-five bf these points on the sampl{ng grid were located
on flat drainage divides, alluvial terraces; or flood plains with
gradients of less than 0.05. Most of these points are located on or
near the western drainage divide. Because hillslope characteristics
could not be adequately determined for these sites with existing topo-

l.graphic maps, these poin?s were excluded from the aﬁalysis. The
topographic map measurements at the.points with gradfgnts in excess of
0.05 are summarized in figuke S .

Hillslopes steeper than O. OS are highly variable in length. The
mean length is about 1600 feet (488 meters) but the standard deviation
is about 63 percent of the mean. More than 36 percent of the measured
slopes are longer than_2000 feet (610 meters). Although hillslope
gradients also sh&Q a wide range of values, they are much less variable
than lengths. The mean gradient df hillslopes steeper than 0.05 is 0.34
(‘3 8 degrees), and the standard deviation IS about 32 percent of the
'Eaﬂ- Twenty-five percent of the measured h1llslopes have grad1ents'

" Steeper than 0. 40 (21.8 degrees). The angle of internal friction for

. %05t colluvium in the Redwood Creek basin appears to be at 'least 0.50 (26.6

— e .

.. 989rees) as debris slides and avalanches are restricted to hil 1slopes

steeper than this; twelve pcrcent of the measured h111s]ope gradients

Q
i 'e steeper than 0.50. 32



‘The steeper hillslopes are most. ;bundant;. along the more deeply
incised streams. Moreover, the streamside segments of the individual
hillslopes throughout the basin are generally steeper than segments
near the drainage divide. Fully 75 percent.of the sampled hillslcpes
steeper than 0.05 have lower ends; that are as steep as, or steeper
than, their upper ends. For exam‘p}'e, 284 Abney level determinations
of hﬂ]slo;ie graciieh"cs immediately adjacent tc; Redwiood Creek between’
Rodiscroft Road (about two miles above Snow Cén;p Creek) and the mouth
of Hayes Creek (Colman, 1973) have a‘mean of 0.60 (31 degrees)
(Standard deviation, 0.08) which is nearly twice as'steep as the mean

qf the hﬂls]obe gradients determined from topographic maps.

Mass Movement-Related Landforms

Many hillslopes in the Redwood Creek basin are unstable and highly
susceptib'le"to mass movement failure because of tﬁe .sti'eepne'ss of the
terrane and the 1.ow shear strength of many of the ‘ur.\deﬂying rocks and
soils, At Iéast 36.4 percent of’tﬁe basin .upstrea.\m from Prairie Creek
shows landforms suggestive of former mass movemert failures (Colman,
1973}, Several other areas in addition to those shown on Colman's
(}973).maps appear to have been eroded by mass movement. Steep, -
‘,’tf‘ai‘gll’\t. colluvium-veneered hﬂ]slbpes, su»ch as those in the drainage
Basin of Lacks Creek and Lost Man Creek, are sculptured by infrequent

-:‘a“gtéfsﬁa'l'low debr‘i‘s slides and avalanches. The smodth convex-upward
h“klopes. such as the northeast - and Aeast-no;-theast - facing slope

“""‘Ediate]y upstream from the mouth of Bridge Creek appear to result
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primai‘ﬂy from creep (Gﬂbert, 1909).. The steep lower segments of the
creep-sculptured hiﬁslopes shov numerous sr'na'll scale descrete
failures involving both rotational and translational movement. The
deeply .incised amphitheater-shaped drainage' basins of Colman (1973)
and perhaps some ef the large scale hillslope irregularities and
drainage anomahes upstream from h1ghway 299 resu]t part'ly from old
stream-modified, deep seated mass movement. _Ev1dence of old deep-
seated mass movement in the Redwood Creek bas%n, however, is not as
prominent as in many nearby drainage basi ns.
Complex associations of sldmpingy and flowing movement

assifiedlas earthflows are the most visually obvious forms of mass:
movement in the Redwood Creek basin because the eafthflows usually
bear grass, grass-bracken fern, or grass-oak vegetation that stands in
marked contrast to the mature coniferous forest or cutover land
Mjacent to more stable slopes. These are large-scale landforms with
dimensions measured in terms of hundreds and thou_sands of feet. These
features underlie about 13 percent of the drainage basfn upstream from
the mouth of Prairie Creek (Colman, 1973). Earthflows all show
?’Gni'nagf: scarps, flats, and hummocky end lobate microtopography. Some
f.i‘f’f. Ciearlx_ defined-margins but others gradually merge with areas of

-

s:(-, Cag
3 S iay
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i ’ § e 0
% .\_ <o

-

g Yy Slumps ‘are intact blocks of soil and rock that have moved with

]
. baCkward rotation, primarily along concave-upward failure surfaces

Pure slumps are uncommon in the Redwood Creek basin.
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activé soil creep. Earthflows commonly become in'creasingw active
downsiope. The more active portions of these features. show .
unvegetated or partly vegetated scarps, open lateral and transverse
cracks, closed depressions, areas of bare mineral soil and di.scon-
tinudus gullies. Depths of movement probai;'ly range from a few .feet
to sev'era'l tens of feet. Field exéaminatibn of surficial morphology
and comparison of sequential aerial photography suggest that most of
the ground disruption is caused by differential movement and that rates
of.surf'icial movement on most flows within the Redwood Creek basin are
usually less than a few feet per year. Several of the more active
flows may move a few tens of feet per year. These earthflows are, thqs,
.ch less active than similar features in the nearby Eel (Dwyer and
others, 1971) and Van Duzen (Harvey Kelsey, written communication, 1975)
drainage basins. Although they presently. appear to be-eroding more
rapidly than the adjacent hillslopes, the earthflows in the Redwood
Creek.basin are for the most part n-o.t deeply incised into fhe slobes.

: Figmje 7 shows CountsHill Prairie, a typical large éompound
earthflow on the eastern border c;f Redwood National Park.  Detailed
iews of varjous parts of this earthflow are contained in photo essay
Prepared by Earth Satellite Corporation (1972, figs. 50, 52, 53, 54,
ind 71). Other earthflows are shown in figure 13 and IS in this report
ind in figure & of ‘the Earth Satelli te.Corporation' (1972) rep‘ort,

The c;alluvium in earthflows within the Redwood Creek basin is-

,'°3ﬂ¥ stony sandy loam; large blocks of bedrock are not common. Some
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earthflows merely move colluvium into temporary stor_atje farther dov.-m;

slope, but others deliver significant quantities of sediment.to Redwood
Creek and its major tributaries. Sedjment delivery is effected by
sloughing difect'!y into major stream channels or into well developed
shallow gullies within the earthflows. Thus, much of ;‘,he‘ earthflow-
derived sediment in the main chan;\els is delivered by small scale
fluvial processes rather than directly by mass movement. Most of the
material delivered to the streams is sand-sized or finer and capable
of being transported in suspension; .prgbab]y less than 30 percent of
‘le earthflow-derived sediment is transported principally as bed load.
Rock and debris slides are anothgr visually obvious form of mass
" movement within the drainage basin of Redwood Creek. These features
underlie only slightly more than oné pe'r'.cent of the\tota] a-rea but
they are concentratfed along the channels of Redwood Creek and its
®jor tributames where they loc:,any are a dominant landscape feature.
Slides are generally smaller than earthf'lows with their surficial
dimensions measured in hundreds of feet. Lengths ra'rely exceed 1000
(305 metres)
feet -.and are usuaHy two to five times larger than the wxdth Depths
-39“!\ range from a few feet to a few tens of feet.
. Stides are charactemzed by dominantly trans]atmnal movement of
“"Ying amounts of rock and regolith along a reasonably p]anar faﬂure
’erace or zone that is essenhalAly parallel to the hillslope. The_

Raterial in the slide block is usually completely removed from its -

original 1ocation leaving behind an unvegetated scar with sharply defined
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“margins. Although the initial movement involves little internal
disruption, most of these blocks have little cohesion and ccmmonly ‘
become intensely disrupted as movement progresses., Typical streamside
slids are shown in figures 11, 15, and 18 in this report and in figures
57, 59, 60, and 64 in the Earth Satellite Corporation report (1972).

Most slides within the Redwood Creek basin have moved repeatedly.
Many recently active slides occur within larger areas with morphkologic
and (or){vegetal evidence suggesting former failures. Individual
episodes of movement that produce ;arge unvegetated scars take piace
in a relatively short time (seconds to minutes). Beyond the margins
of the raw slide scar, however, tiited tregs and open tension cracks
freéuently a@testtfo prolonged slow movement thatabqth preceded and
. continued after the principal failure. Slides commonly grow upslope
because of the removal of lateral support. Some mid-slope slides also
enlarge dqwnslope by overloading the lower hillslope ﬁith slide debrié.'
Some midslope failuvres iﬁvolve minor rotational slumping ;s well as
translational sliding. - '_

The lo&er segments of hillslopes within the Redwood Creek basin
bhave thicker regolith, steeper gradients, wetter soil moisture regimes,
and gregter susceptibility to sliding than upslope segments. The
Susceptibility to.sliding is enhanced at streamside sites by lateral
channel erosion removing lateral support from the bases of these slopes,
However, not all the streamside slides in the Redwood Creek basin
result from undercutting., Many slides have f§iled, particularly those
with toes buffered by rock outcrops or areas of overbank deposition,

because of excessively high-pore pressures and scepage forces generated
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during major rain storms or because of changesj in slépe configuration
and moisture regime brought about by road construction and tfmber harvest.
The sediment transported by slides in the Redwood Creek" basin show
very poorly sorted grain-size distributions. Cobble-size and.'larger
sediment is generally more abundant in slides than in ‘earthflo‘ws. Stides
are major sourc-eg of actively trarnsported streani bedload and large bedrcck
blocks that accumulate as lag concentrates along some channels. Most
slide-related sediment is delivered to streams by large-scale failures
triggered during major storms; minor sloughing and gullying after the
pr‘incipal failure contributes lesser amount of sediment.
Debris avalanches, flows and torrents, a tran51t1ona1 series
‘wolvmg successively greater water content and lower v1scos1ty. are
also ‘much in evidence in the Redwood Cregk basin. These phenomena all
favolve chaotic rapid downslope n;ovement of $oil, coll.uviu:n and |
associé};ed organic debris along’relativew narro.w. well-defined tracks.
The tracks often follow natural drainage ways or man-induced gullies.
Avalanche deposits tend to be completely chaotic in grain-size distribu~
tion, surface morphology, and 1nterna1 structure. Debris flows, in
COntrast show surficial concentratwns of coarse material, levees,
and Tobate surface form. Debris torrents are indicated by scoured
mmy walls and ﬂoors, and often lead into severely agraded stream
dﬁm\els A]though numerous debris avalanches, flows, and torrents
“‘“" in the Redwood Creek basin, they underlie less than one percent
’“f the total area upstream from Prairie Creek (Colman, 1973). Nonethe-
ess, these phenomcna do move sediment directly into stream channels
'"d are a major source of both bedload and suspcnded sediment.
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Debris aya]anches, flows and torfents-are mére prevalent along
road$ and in recent timber harvest units than in undisturbed forests.
These sha]lowrseated failures, however, are apparently more common in
some other logging-impact-study areas than in Redwood Creek ($wanston.
197/; Swanson and Dyrness, 1975). The loﬁer'incidence in Redwood Creek
probably reflects lower hillslope gradients, different timber types,
and different forms of ground disturbance here.:

Small-Scale Fluvial Landforms

Despite the presence of dense vegetation and highly permeable .
régolith, actively eroding rills ané shallow gullies are surprisingly
common in even the ;irgin forests of the Redwood Creek basin. These

‘eatures are ggneraﬂy more abundant on the Tower hi'ﬁsIOpe segments-
than near major drainage divides. Some rills are initiated by springs
that emerge from shallow pits formed by .wind-toppled trees. Others
appear merely to reflgct local irregularities in'tﬁe depth and.
permeability of the regolith. The geometry and direction of flow of
these rills and shallow gullies are controlled closely b} ;bots,
$tanding trees, and fallen limbé and trunks; as well és'by hil]slope
gradients and colluvium. The width aﬁd depth of these feafures are
GXtremely var1ab1e, but they are usually less than two feet (0.6
IEters) wide and six inches (15 centmeters) deep. Some of the smaﬂer
fbatures are only several- hundred feet long and end in small alluvial
cones. Others flow through to higher order channels.

’ Trunks and large 1imbs of wind- and slide-toppled trees often

F‘Vert water from established shallow drainage ways. The diverted water
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!‘esults in locally accelcrated erosion by causing other establiched
drainages to enlarge their cross-sectional area or by eroding entirely

ncw drainages,

In many recent logging units within the Redwood Creek’basin,
pa.rticularly in large tractor-yarded clearcutsyof old growth redwood,. .
roads, skid trails, layouts, and concentrations of slash have obliterated
the natural, small-scale hillslope drainage characteristies. MNMid-slope
roads often have been constructed with a smaller number of culverts
than thei'e are streams so that the natural drainage is intercepﬁed znd
concentrated, This concentrated runoff then erodes roadside ditches,
‘culvert outlets, and discharge channels, The erosional impact of con-
centrated and redistributed runoff may be augmented by increases in the

.total amount. of runoff, Eyidence concerning such increases, however,
is presently not con;lusive. (Available evidence is discussed later
in this report.) The net effect of this man-caused baring of mineral
soil and n;odification of natural surface runoff has béen 'i:o produce _
visually aﬁpar;nt increases in the size and abundance of Aerosional
landforms pfoduced by fluvial processes in recentl:;f cu‘béver land
relative t;o comparable virgin ;:err%‘n/. In general, recent logging in

most parts of the Redwood Creek tasin has accelerated fluvial erosicn

far more than mass movement.

e ——

-

Y Various silvicultural and yarding systems employed in the Redwood

Creek basin are described later in this report.
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’thnlor;ic and Aspoct Control of Hillslope Characteristics

The paucity of detailed geolegi‘c maps of the Redwood Creek basin
makes the coz:relation of hillslope cha.racterietics with lithology
tenuous. Nonetheless, the heterogeneous group of rocks within
textural zones 1 and 2 do appear as a group to show slightl& steeper
a.vere.ge hillslope gradients than fhose of textural zone 3, The
difference between an average gradient of 0.37 on textural zone 1 and
zone<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>