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INTRODUCTION

about 20 percent of thein the last 25 years. Of

bears old growth forest, nearly two~thirds has been

as public parks in the redwood (Sequoia semperv;rens) 

forests of the downstream portion of the basin.

was subjected to episcdic ~igorous mass mo~ement and stream

erosion.

The drainage basin of Redwood Creek is located a short distance

Eureka, California (fig. l~ and comprised of about 280

(725 square kilomete~s) of some of the most rapidly erod-

Congress enacted Public Law 90-545 in order lito preserve significant.

g non-glaciated terrane in North Am~rica. High rates of erosion

flect a combination of rock types, geologic history, climate, ar:d

and use that exists throughout vast areas of northwestern California

The parkland of lower Redwood Creek is included within Redwood

ational Park which was established on October"2, 1968, when the

actively eroding gullies and landslides that were clearly related to

imber harvest and associated road construction. Nearly all the timber

The forests of this basin are a majorsour=e 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

nd southwestern Oregon. Early vertical aerial photographs and geo

·09ica1 investigations indicate that the pristine Redwood Creek basin,

yen though it was about 85 percent mantled with a dense coniferous
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of the primeval coastal jedwood (Sequoia sempervirens) forests

t~e strea~s and seashores with which they are associated for purposes

('public inspiration. enjoyment. and scientific study .... ". Thesouthern-
\,".. .

'~t portion of this park is a seven-mil.e-long. half mile-wide appendage

t straddles Redwood Creek and that contains some of the park's most

.gnificent redwood groves (fig. 2). .,.. '
• ~ .... ;'l_

The Congress apparently foresaw pote'llth.'f problems in preserving

~k values in the downstream end of an intensively logged. and highly

~:osive drainage. basin. as they provided the'Secretary of the Interior

'"lth statutory' authority to engage in special actions designed to

The relevant sections of the Act of establish-

3

.-: .'
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•

~e Interior. and the National Park Service initiated a series of
...... ~.

udies designed to assist them in understanding the various options
", {::' .

'"
. Shortly ~fter the creation of Redwood National Park. the Secretary
'.

., park boundary and urged creation of a voluntary Redwood Creek land

~agement association t6 addtess itself to stabilizing the actively
·f·

ding upper Redwood Creek watershed. The possible need .for additional
:1'1:

eral action to protect the Redwood Creek unit of Redwood National

again starting'in Mar~h of 1972 by a·University of

r;;,protecting and managing the timber. soil. streams. and scenery
.~ .

The first of these' studies (Stone and others. 1969)

scribed "potentially destructive inputs' into the park." and the 'impact
:'~', ,

,Jand-management activities on the magnitude of those impacts. This
r

. .

+;;.~~lifornia-Federa1 .interagency task force under the leadership of
.";~;':6:, . .
.; r~ Richard C. Curr:>,. This task .force (Curry. 1973) identified channel

~~' . .

the greatest potenti~l threat to park resources and went

l.~on·to recommend that increased efforts be made to infl uence management

areas welJ beyond the BOO-foot buffer zone proposed by Stone

{l969} ~ Understanding of the interdctions betw'een various

lJl&rphic processes and the terrestrial and aquatic ecosystems that

.h~bit the Redwood Creek basin was so incomplete.' however. that the
~ . . .
rry task force did not feel comfortable in making final action recommenda-

but suggested that the National Park Service in cooperation with
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..

the hydrologic and sedimentation regimes of Redwood Creek and the
> ..

identify processes that are modifying or are threatening to

ecosystem that inhabits Redwood National Park. In attempt-

PURPOSE AND SCOPE

The t~o major purposes of this report are1to d~s~rib~ the physical
GJndition of the drainage basin of Redwood Creek as of .1973, and to

~r

Geological Survey initiate.. studi.es to provide data needed

·onnulating management activities that ~ould assure, to as great

egree as possible
J

the preservation of park resources. Thus, on

1973, the National Park Servlce requested and formally

the Geological Survey to initiate a three-year study

~i9ned (l) to del ineate and to describe particular portions of the

trestrial and aquatic ecosystems within Redwood National Park that

. directly or indirectly threatened by rece~t changes in the intensity

;~rosion and sedimentation, (2) to define more precisely the magnitude,

'quency of occurrence, and duration of the processes that pose the
;~" " . ," .
st imminent threats, and (3) to assess the impact of recent road

and timber harvest on those processes.

~ential impact of those changes on· the resources of Redwood National

report addresses itself to those issues at considerable

but attempts more to isolate specific questions than to provide

these goals, major uncertainties and inadeq~acies in the

base have been identified and are now being studied as

rt of our continuing research in ·the draillage basin. Considerable

blic debate has focused on possible timber harvest-induced changes
~. . "



Interim and final r~ports of our contlnuine ~tudies will

~t to answer'~ome of those questions. The. present, report is composed

'of a description of both the physical setting of the draina~e

,/ of Red"rood Creek and some of the physical processes that influence

-
~rrestrial and aquatic ecosystems that inhabit the basin: The

iption is based primarily on a compilation and interpretation

descriptive, and photographic infornation that was available

1973, prior to the initiation of intensive data collection

The report attempts to bring inforwation frore

scientific disciplines together into one unified body

interrelationships between different processes and

t~een processes and organisms become more readily apparent. Most of

~j.the.numeri~al cOI:lputation~, statistical and graprJical analyses,

~nterpretations of data presented here were completed after December "

\~.. While this report was in preparation, the data base was constantl~
;~~~#(:, 'I •• •••

~~anding. If new data either contradict or clarify relationships
: ->};~E:i,:

~~u,ggested by the older data, the new data are briefly discussed in
,. ':Y~f~' '
.;;})!§§ing, but not discussed in detaiL For example, the report contains
".:,.,f•.. ,_,

·.·,;.f!:R::~.w:

,\ :j)):lysiographic data including erosion process information gleaned from in::er·
;',~~~t~~·~·,.
~~~tations of published lS-minute topographic quadrangle maps and historical
.

'-f~jluences of aerial' photographs, but it does not present data discerni't~=
.;." ..:?{.

"/";\;.

on detailed topographic ~aps and aerial photographs cbt~ined after

,'December 1973. The intent 'Was to describe the C'ondi tion of the basin
'i{lr)
~~. a point in time--late 1973--and to suggest how it got that way_

::~"".,"

.... ~.erefore, the interpretations in this report should be considered prelildn<lry

subject· to revision as more definitive information becomes <lvailable.

. .
.'

6
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GeOLOGIC $.[TTWG ArlO RCGOLITH
"

• lithologic and structural properties of the rocks of the

d Creek basin make them highly susceptible to chemical ~ecomposi

Geologically recent up1ift may also have influenced

nt rates and processes of erosiori. The geologic setting arid

ry of this basin, however, are poorly understood because the

'al distribution of rock units for most of the basiri is known only
;t

freconnaissance mapping (Strand, 1962, 1963 and references th~rein),
'.,

-he nature of the geologic contacts has been studied only cursorily.

~ence co'ncerning the evolution of the topography during Neogene and

rnary time is particularly meager.' ,

~YPES AND ASSOCIATED REGOLITH
-'-,':

sThe entire basin upstream from the mouth ,of'Prairie Creek is . /
,t.. , " I _ "
. rlain by the strongly indurated Franciscan assemblage of rocks \.:hg.•.3)

ose origin, metamorphism, and' subsequent tectonic defqrmation are

,~ted to sea-floor spreading and subduction of the Pacific Ocean

or beneath the western edge of North America (Blake and Jones, 1974).

'se rocks show varying degrees of met~morphism with tex'ture zones 1.

;and 3 of Blake and others (1967) all being present. Marine sedi

'tary and metasedimentary rocks are far more abundant than volcanic

'metavolcanic rocks. No fossils have ,been found \"i thin the

nciscan assemblage in the Redwood Creek basin, but petrographically

ilar rc~ks can be traced southeastward where fossils and radiometric
" .

that these rocks are of late Jurassic and Early

age ioiake and others. 1967) •

..



3. Gcoloiic settinG of Redwood Creek b~sin
from Strand (1962; 1963).

EXPLANATION
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"

Most ,of the rocks labelled
.. -"-... .. -_.- .... .. ... . ...~ . ..

..

10

. '.

The rocks undcrlyi ng the nort/Ho/es tern 105 t r-'iln Creek bas in and

Creek basin, in contrast~ arc unnamed, weakly

rated coastal plain sediments. These unnamed sediments contain
t

ocene or younger plant fossils imd interfinger \-l1th the marine

oeene St. George Formation (f·toore and Sil ver, 1968).

Essentially unmetamorphosed, Franciscan sedi~entary rocks

eposition are common.
'l:~. . .. ' 4

lhe western part of textu~e zone 1 rocks.in the Redwood Creek bas~~

shows pebbles derived predominantly from rocks resistar.t to

,~~~~mical weathering such as chert, fine-grained metavolcanic rocks,
:·,:tJs~!~:;:· '~. \ .
,,~!g~artzi~e, and quartz porphyry.. A fe\'J clasts of fine-g:ained plutonic

";'ili~!'

'~':r~CkS are present, but clasts derived from rocks resembl ing schists of

Yt~fxture zone 3 are absent. Bed4ing, although often obscure, is mostly
Mm~ .
~;,~11~om 4 to 120 inche;s (0.1 to 3 meters).. thick. Graded bedding and othe~'

,';:;irtternal sedime!1tary structures indicative of deep water. turbidite

. .
'.' iJ#Ji':fds,tone (lithic and arkosic wacke, according ,to ~lilliams and others,

;(~Jt5,S, page 259) is the most abundant' rock in this zone. lesser amoun:s

::<.,:,:~~f mudstone and conglomerate are pres'ent·. Some of the conglomerate is
:'~/;~f~~·;.. .
',c,mposed solely of subangul ar to subrbunded granules and fine pebbles

(unmetamorphosed mudstoAe in a sand matrix. Most of the conglomerat:.
i "4',_

~!.~- ,
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of mass movement are particularly common in the area

edge of the belt of rocks labelled as "KJf" in figure

2 throughout most of the basin is 1.000 to 3,000 feet

in close proximity to Redwood.:fr.-i:'2k ir. a narro"., belt at

..

.
is clearly discernible in the field.

lWithin the Red~ood Creek basin~ rocks of texture zone 2 crop out

~ several tens of feet thick are interbedded with the sandstones;

..
\area with many sheared mudstone units. {Ti~~ general appearance of

~western pari of 'texture zone 1 in the R~dw90d Creek basin gener~lly

"'ediately east of the main channel of Redwood Creek (Colman, ·1973)--

.. '

'sembles that associated with some of the extensive tracts of

""nciscan melange farther south in the Coast Ranges I except that exotic

"of amphibolite and metavolcanic rocks are absent.

:ss conglomerate is present than in the eastern part •. Sheared and closely

attured rocks are also far more prevalent in the western part than in the

stern part of texture zone 1. Throughout most of the basin. earthflows and

" Texture zone 2 rocks~ which in the Redwood Creek basin are compose~

:imarily of phyllite and :stretch-pebble conglomerate. represent a

the essentially·unmetamorphosed sedimentary rocks of

xture zone 1 and the schists of texture.zone3. Mudstones typically

ave partially recrystallized and display a weak cleavage and a micaceous

i~~en" but no pronounced minerai segregation or foliation. Sandstones

jnd conglomerates of texture zone 2 have not recrystallized but catac1as~1:

tation and flattening of grains in these rocks have produ~ed an aligr.e:
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ndstone arid schist (Blake and oth~rSt 1967) •. Locally within the

dw~od Creek basin, texture zon~s 1 and 3 are in sharp contact with

po interyening zone 2 present.
~

Naturally-occurring bedrock outcrops are, scarce in areas away

an texture zone 2 in the Black Butte-No~th Yolla Bolly area where
~ .: ~ .

~ch rocks form a complete unfaulted transition between unmetamorphoscd. ,
,.~; .

.05 to 914 meters) t~ick which is ~omparable to or slightly thinner
1:'. '

and chemical weathering. Regolith includes saprolite~

residual soil.

The rocks of texture zones '1 and 2 bear qui te simil ar rego1i ths.

e thickness of the regolith is highly variable ranging from less thcr.

: feet (less than 0.6 meters) along many hilltops and div~des in the

outhern part of the basin, to more than 13 feet (more than 4 meters)

n some broad djvides in the north~rn part of the basin, in some

andslides, and on many other mid-slope and lO\'ier-slope sites. The

verage thickness,' however. ;s probably less than 6.6 feet (less than

meters): The coll uvi urn is mas tly stony loam' ands tony-cl ay loam

represent eroded .saprolite and residual soil. Some

' ..-.

:from the major stream channels in the Red\-/ood' Creek bas i n because of
.

: nearly ubiquitous mantle of colluyium and (or) residual soil which

upp.orts dense vegetation. Distinguishing bett-/een residual soil,

nd colluvium derived from deep residual soil and saprolite is often

ifficult, so we apply the term regolith to the entire surficial mant~:

of unconsolidated materials produced by both hilislope erosion process~~
"



angular rubble on steep sandstone slopes in the eastern
it..

- s of the" Lacks Creek and Minor Creek basins, and at the margins

large isolated "imocker"-like outcrops of sandstone and greenstone

ione 2 and the western part of zone "1 is rockfall talus derived

~:relativelY fresh rock materials; some talus has been displaced

Most of the residual soils in the Redwood Creek

formed on stabilized colluvium rather than on in situ

Type and degree of seil profile development, as indicated on

·31,680 scale soil-vegetation surveys (Alexander and others, 1959-62)

~'virtually the ,same on rocks in texture 'zones 1 and 2 with common

including Hugo, Melbourne, Mendocino, Atwell, Kneeland,

A few small patches of strongly developed soils resembling

e Josephine soil series are found in association w~th the Hugo and

lbourne 'soil series on midslope positions in the 'northern part of
,"

Parent materials fo~ the Hugo soil series appear l:ss

eply weathered and less cohesive in the southern part of the basin

The Kneeland and TJ'son soil series are grassland

are all forest soils. The Hugo soil series is more

the other soil series developed from texture =ones

end 2 combined (Iwatsubo and others, 1975, tables 2 and 3).

"The grain-size distribution and ped 3tructure of all these soils

ve them high infiltration capacitie~ and generally goo~ subsurface

However, their surface horizons are" dominantly loams and

, .

13
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this soil series are particularly susceptible to repeat~d

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

The concentration of organic matter in surface horizons

The inceptisols and ultisols both show decreasing pH and

relatively

earth-moving equipment or erosion. thus ~ould result in a s1gnifican~

.- _. _.~. - _.
removal of the surface horizons of these types of soils by. for

the erosion hazard i~ moderate to very high (Alexander and

Most of these soils, even though they are often develop~d from

1n the potential site productivity.

trients is concentrated in the surface and near-surface soil horizons,

The Atwell soil series is deyeloped fr~ pervasively sheared rocks

thin the western part of texture zones 1 and 2 and along the north-

,eply decomposed and leached parent materials, show only ~eager soil

;i" ere laboratory analyses are available) base saturation with increas-

'ese at depth suggest that the reservOir of available essential pla."lt

'a the higher base saturation of the surface horizons relative to

utrient.recycling by plants (Buol and others, 1973, p. 278). The

'd that the "fertili ty of these soils is strongly depend~nt upon
7:,: .

rtbwest-trendingofaults in the basin. The Atwell soil series is not

!gnificantly more susceptible to su=face fluvial erosion than other
\ ..,:
t'
~llseries in the basin (Alexander and ~thers, 1959-62), but parent
.',.
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or .predominantly quartz or quartz and feldspar.

...

or an ultisol depending upon the results of laboratory'

udies of individual soii profiles.

rock and colluvium. ·These soils commonly have more

y and higher pH and base saturation values than soils developed
i. J ..

.. mless sheared rocks within texture z?nes 1 and 2. Their pH and

do not necessarily decrease with increasing depth.

soil series is, therefore. variously classified as either

" Rocks of texture zone 3; \'/hi ch have preyi OUS ly been mapped as the

S~hist of Manning and Ogle (1950), consist mostly of light

medium gray, well foliated Guartz-mica -feldspar schist and quartz

The schist' has recrystallized to form alternating

dividual laminae, a few millimeters in thickness, that are either
'~:.

,;,ear to have been derived from a suite of sedimentary rocks that ,."as
~. .. ." ,"

~do~inantly finer grained than most of texture zone 1 in the Redwood
i> •

~'~ --.
~ek basin. In most localities the foliation is well developed. steep 1x

and intricately defor~ed•

Y . .

her common rocks within texture zone 3 are quart~-mica-graphite

hist, phyllite, both massive. and foliated greenish-gray metavolcanic

cks, amphibolite, and metachert.
'1.
.'.' teras-like and vein-like qu.artz segregations are abundant throughout

xture zone 3. Petrographic examination of thin sections (Manning and

let 1950) and ha·na specimens suggest that this unit contains rucks fl':~

cJh the greenschist and the glaucophane schist facies of regional
t .
;,iI. ~

,~amorphi sm (Turner and Verhoogen. 1960). The metasedi mentary rocks



of'tcxture zone 3 crop out througl~out the' \otes tern hal f

~he Redwood Creek basin and in a.separa~e north-northwest trending

~;in the southcastern corner of the basin (fig. 3 ).'

r The unnamed weakly indurated Pliocene coastal plain sediments

., underlie most of the Prairie Creek' basin (Diller, 1902; Strand,

,1963; Moore and Silver, 1968) are s~veralhundred feet thick and

Diller (1902)interprets these rocks as being

an ancient mouth of the Kla~athRi'ver. The unit, however,

s not been studied in detail and someljttoral' and (or) estuarine

in the southern part of this unit. Multiple cycles

be recorded.

and sahdstone crop out in close,proximtty to one

as in the drainage basin of Harry ~~ier Creek, regolith derived
, .

schist is generally deeper~ redder,' finer grained, and more
p' '

esive t~an that derived from sandstone. These differences reflect

~~act that the schist usually mechanically brea~s down into finer,'
~.!" '

.e weatherable fragments than the sandstone. the small size of the

Nst fragments, in turn, r~suJts from the schist laminae being many
, .

mes thinner than the sandstone beds, and from the more abundant,
"\

j~

',osely spaced joints and faults of small displacement in the schist.

abundant because the metamorphic minerals are more labile

weathering than the.primary minerals in the

~ developed
,":The most cQmmon soil series/on texture zone 3 schists are, in

;:(f;f of incrcil,sing degree of soil profile-deve-lopment.,-Naste~son, Oric~

,}Sites (Al cxander and others, ·1959':'62). The Has ~crson soil series

'16
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percent of the entire basin, making it the most

As in the caseofs...oilsdprived from sandstone and mudstor.~,

'C

mparable t~ those associated with the Hugo soil series. The Orick
it' •

. -..... ~~. _. :;... ,;",:' ..,,~

plant nutrf~i~:L,['~~'~~"e"co(1c'€:ntrated in the surface and r.e ~ ,"

'rface soil horizons of the'~Chist-de'rived soils. Atweil soils are, ,

pped on pervasively sheared schist a~ well as sandsto~e; the perY~si;e
:r

.
Hant soi1 series in this basin (Iwatsubo and others, 1975, Tables

··t;~·· .-''10 ~ ,

This soil series'is'~n inceptisol with infiltration capacity.
\..

's~'rface drainage, and susceptibiiity to surface fluvial e,rosion

"
the Urick and Sites 50;1 series, therefore, are an1j

erately susceptible ~9 surface fluvial erasion (Alexander and oth:~s.
~~'.. ~ ." .

'd ,Si tes soil seri es ar:e;;l11tis'ols ,'th:'1 i>'.;;?i~~:~ have h; gh ; nf; 1t ra t ion. "4';' . ' .. .. :' ,..1'.

~acit,es and generally good subsurface drainage. However, these
t ..

,'ls are some\·,hat more c:,,:,'.i::.>,yftp,c{ J..:o~esive ·than either the Nasterson
~t~ !' -~ I. "':.. ~ ::. ~":": .~\:,,.~.'ti, •

'oils or the soil s derived ·-r"uTilsandstone and mudstone. ~lhen surface

.
The youngest stratigraphic dacu,mentation of the geologic histar~.'

.f:, the Redwood Creek ba~<';/~'i~rrovided by remnants of all uvi (11' stra.~r;

the main ~;;:,:,:~~..7; These are preserved primarily on
r:~.';,

":',),atively stable drain,a.geti'i\T1·c;P:):~(,f·~t:ributarybasins t and even ther';;
,~~~:. "'''. ~,~ - .

~"e upper terrace 'surfaces are often drastically modified by erosion
~~~ .
'J,burial by colluvium. These terrace remnants, except for the area
'J.
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play with that displayed by better dated, lithologically similar
b: . .

diments under comparable vegetal and climatic conditions. Provisional
'I·

S have been assigned to the alluvial terrace sediments of Redwood
'r

ek primarily on the basis of comparisons between thes~ sediments and

e"'glacia1 till and outwash in nearby areas of north-western California

1958; Sharp, 1960), and a sequence of highly fossiliferous
f·

:sta1 deposits near Cape Blanco, Oregon (fig. 1) (Janda, 1970). These

pari sons suggest that eroded patches of alluvium as high as 490 feet

,i·' .

gressive downcutti ng ..

· r The alluvial terraces along Redwood Creek contain no fossils and can

,dated only by comparing the degree 'and type of soil profile development,

~e-weathering characteristics, and erosional modification that they

~,

~e~n highway 299 and Lacks Creek, are for the most part less than 10

;~ (4 hectares) in size. The all'uv~a1 terrace vene~r consists of

ars\~ gravelly 'al1uvium no more than 33 feet (10 metres) thick, which

thickness comparable to or only slightly greater than the thickness

p~esent1y active alluvium along ,the main channel. No evidence for

~:ik alluvial fill caused by landsl'ide dams, sea level oscillations, or
p .

ersistent major changes in load-discharge relationships has been found.
~c· . ~ '.
e stream terraces along Redwood Creek, therefore, most likely reflect

~':~

ear-old Tahoe (early Wisconsin) Glacier, but no.older than the promine~t lew
· .

to·

~ ,50 metres) above the present channel· of Red\'Jood Creek are mid- '
;:t; . . •

. ~istocene or younger, and that terraces as h1gh as 90 feet (27 metres)
· . .

.,ove the present· stream are at least as old as the more than 20-thousa'nd
:',' . . .
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i.," ..
~~~,eparated by the north-northwe~t trending South Fork Mountain, Grogan

ald Mountain Fa~lts and numerous smaller cross faults (fig~ 3). These
fi'1

'e north-northwest trending faults, however, were mapped prior to reccg-
:e." . . '.

ion of the transitional texture zone 2 rocks. Moreover, the geometry
. .

between unmetamorphosed Franciscan sedimentary rocks and

t within the Redwood Creek basin have previously been mapped as high
'iJ,::"

~; faults (Manning and Ogle. 1950; Strand, 1962, 1963). These units

~\"

may al so apply to the. South Fork Mountain and Grogan F~ul ts in the
f

. heastern part of the Redwood Creek basin. However, the Grogan Fault.
-",

he proposed faults, and their s~nse and history of movement are
if,

'jrately known at a few localities. Recent mapping in the Willow Creek

in press) suggests that the thrust-related metamorphic

for the South Fork Mountain Fault in the North Yola Bolly

tch is cl.o,se1y fol10\'/ed by the rna in channel of Redwood Creek for many

'~s, appears t~ be quite complex. At some localities the metamorphic
"
'j'

~~iiion appears incomplete or ev~n nonexistent. Intensively sheared
'r:
's and serpentine are local1y.associated with this proposed fault .

•~e~er the tectonic nature of the South Fork Mountain and Grogan Faults,
:'·1 ..

nY mass movement failures occur in the disrupted rocks along their traces
i';' .

'lman, 1973; Young, in press). The Bald Mountain Fault in the vicinity

;~-" E1Jis S!-!mmjtiJPP,ears not to be, associ~ted~ith a.ny texture zone,2
., . : - --. . .' '. . "", .~ ". . - '. . ... ' . . ,

,: (Harvey M. Kelsey, written communication, 1975).



Some areas of pervasively shea~ed rock, occur within the belts of

~~ist and sandstone, as well as at their'~ar9ins. Some of these areas
,; _.• ,J':'

'~ear to line up with one another;.and with ali~ed top09ra~hic features

~~efine north-north\'/est trendi ng shear ·zones or faul ts. The biD mas t
'IT
'niinent examples are 1ineaments defined by 1inear reaches of !·Hnor
~~:'t i. :.~';t~:~:~~,f~;:~'::~
, ek and Lacks C~eek, and by linear reaches of Bridge Creek, Devi1s

, .
to Panther Creek. Patch~s of the Atwell soil series..
1959-62) and numerous recent landslides (Col~cn,

72) are. mapped along these tHO lineaments.

The north-northwest trending faults in the southern part of the

~~ood Creek basin are apparently not active at the present time. A:
...~

st two of these faults, the Grogan and Bald Mountain Faults, are
,.~~~;;

,set by hi gh angl e, east-northeast trendi ng faul ts .\olh i ch also offset

~"fau1t-bounded trough of Fallor Formation along the northeastern
I' . .
;" .

~'o~ the Mad River valley (Manning and Ogle, 1950). The Fallor
, I

mation consists of more than 2300 feet (more than 700 meters) of

and fluvial sediments containing abundant late Pli:::~=

.:.uscan fossils (Addicott, 1974).
~;~

~ , .
fIn the northern part of the basin the Grogan Faul t apparently h~s'. -
'~1' • .

. e4in post-Pliocene time as it 6ffsets the unnamed beds of probable
l,
cene age that u~derlie much of th~ Prairie Creek basin (J. C. Youn;~

,Tcommunication. 1972). Additionally, Franciscan sanrlstones appear
i,

•
• ..

·20· .
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....
~~ave been thrust over the same' unnamed beds in the northern lost Man..
ek.basin N. C. Young, oral co~unicatio~, 1972).
'~'i'

"ji";':No historic e,arthquake epicEnt.~rs hav~ been recorded in the Redwood
, ;.~'~:

. '~k basin. Earthquakes, however, co~ohly do occur along a line

nding eastwaTdfrom near Cape'Mendocino, in the Eel River embayment,

v'off the present shoreline. Ground vibrations from these nearby

arthquakes are feit in, the Redl'/ood Creek basin: Seismically-induced
..... . '. .....

therefore,' should be included in considerations of hillslope

in this area.

GlbNAl SUBSIDENCE AND UPLIFT j
j \,-, j .\',J

~. A sequence of 1agoo"ns and alluviated coa'stal valleys bet\'/een Big
V

recent sUbm~gence. Holocene rise of sea-
.

v~i probably accounts fo~ most of this submergence,but some may reflect
":1.: . ."

"':.~

eetanically-induced subsidence. Sea cliff exposures ~t Gold Bluffs

ni~hetween 'Patricks Point and 8ig Lagoon show co~tine~tal sediments of

agewar~ed_below sea-level ,(Mooie and Silver,

)0 Offshore, these rocks appe~r to be folded into northwest-trending

;tJ~ with dips of generally les~ than ten degrees and an average waveleng:n
Ii." •

bout 3 miles (5 kilometet·s) (t·loore and Silver. 1968).

:e late Cenozoic tectonic uplift'Of the inland portion'of the drainage
"

S:, 'os of Redwood Creek and surrounding streams pl'ofoundly i nfl uenced
,'''',,~ ".

,.,'g'raphic development and present erosional processes in these basins
\j ,

it;: J . \,'
~ausing deep incision into rocks that had been intensively fractured

. '

: 21 J



. ,

L,

.~

.,

, ·22

..

•

soils allows limits to be p,laced upon natural long-term
• - ---,-. -'7'"'._~_.~

up to an altitude of at least 1 ,280 feet (390 meters).

extends \'Iestward to the present coast, as documented by the
J 11~ . •

of coastal t~rraces that between McKinieyville and Patricks

.
The distribution of certain Pliocene and Quaternary sediments,

terrcces are probably entirely of Pleistocene age as they

part, across,sediments containing mid-Pleistocene molluscs

mammals (W. o. Addicott and Charles Repenning, oral coramunicat;on,
,
'£i3). Moreover, even the highest of these terraces displays a degree

prdfile development comp~rable ~o that shown by fossil.iferous

~urficial terrace sediments in southwestern Oregon.

':Js'heJred by earlier tectonic activity. Progressive channel incision
"',' .
~ 'I) "

.~,~ecorded by ridge-capping stream gravels, immediiltely east of the'

JHills (Strand, 1963), the "Second and' Third Cycle" auriferous

"~~e1S of the Trinity River (Dill e~,' 1910), the strath terraces along

et~~ood Creek, and similar terraces along the ~lad and Van Duzen Rivers
;y," .' :

~arveY Kelsey', written communication, 1975). !his uplift, at least
fi .
r~

ocal1y,
l
, uence

°e occurrence of the strongly developed Sites and Josephine soil series
:~'~ .
'~and near some broad, gently sloping drainage divides, in contrast to

.~... r ' •

; occurrence of the less ~tronglY developed Orick, Hasterson, and
;' , ~'\.

heetiron ~ series o~ adJacent lower hillslopes may provide' additional
v I

)dence of recent~ncision in areas 'without geologic deposits (Zinke
1~ ,
'd Co1we11, 1965 )•:'.. ~

..rURAL RATES OF EROSION
1,:,~·



.
·'gc rates of 'erosion in parts of northwestern California and'

~/estcrn Orcg'on'(~Ji)hrhafti9 and Curry, 1967; Janda, 1971, 1972).

olumes of rock eroded from beneath coastal landforms th~t are thinly
. and .
id with fossiliferous marine sedime~is/that range in age ~rom about

b to 10 mi~'ion years) suggest an:avera~e long.tcrm erosional

.r1ng of the. landscape of less than 0.5 foot (0.15 meter) per thousand
. .

1"5. Franciscan rocks or rocks of the 1i thologica11y and structura lly
~r.>

ilar Otter Point and Rocky Point Formatio~s' accounted for all of· the

for that associated with· the surficial veneer of late

~Four aspects of the geologically computed average rates of landsca;~

ring must be stressed. First, these rates are an upper limit on the

g~term average in the ~reas for which they were computed. Whenev(r

.~uncertainty existed concerning either the "age. or the vol ume of erode:

ria), th~ assumption that maximized the erosion rate was chosen.

cond,"expressing erosion rates' as the average lowering of an entire

basin is misleading beca~se erosion is concentrated along stre~~:

and landslides with relatively little erosion occurring along

divides; nonetheless, this procedure does allow for convenie~:

parisons between different drai:lage basins. Third, these long-tef'~l

t.es are the average of periods of 'slow erosion and periods of rapid

Rates may have increa~ed through ti~~ in response to increa~Qs

relief and surface area caused by progressive stream incision;

have responded to Quaternary climatic fluctuations,
---'--'-.-- ...~. _ ·t..
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change~ in sea level, and tectonic'cventi. Fourth, average

lowering ca~not'be computed ,for areas where erosion

that reconstruction of the original landform is no

The degree to which the first and fourth items counter-
~I~ •

,'ne another lS not known.
. . . .

:geo1 ogi c check on the reasonableness ().{",~the long-term eros i on
\;

~tased upon volumes of eroded rock is proviged by the long-term

the deep ocean and the ccntinental margin.

J:geophysical work sum~arized by Silver (1969)J indicates that

and seacliff erosion provided the ocean off northern Ca1iforni~

~~the~n Oregon with not ffiore than ai.4 x 1013 cubic feet (69 x 1012

~ters) of sediment ~uring the listS million years. This would

~. erosion of about 61~4 x 1013 cubic feet (52 x 1012'cubic meters)

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

:,eter) per thousand years. Silver '(oral commun., July, 1972)

.~·es, that the sediment volume presented in his' thes isis an upper
',' , \

·;;'00 the actual volume; the actual volume"may be only 60 percent

~.~·limiting value. Silver alsd indicates that some of the sediment

-d in computing that volume may have been derived fro~ the Columbia

~ther than from drainage areas imnediately onshore. Obviously, the~,

es of erosion derived from the estimated volume of sediment depos;te~
/ft!'""-'

,)the last 5 mill ion years shaul d be can~'1tle'red an upper 1imit on
'~;'

,,~ .

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

h also apply to this rate.

24



Well~drained ultisols w~th strong brown or reddish-brown
•

.. ' .
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'the Redwood Creek basin can be calculated. based on the assu~ption
~., J, ,

at during late Pleistocene and Holocene time the main channel of .
," ~~ .

dwood Creek was lowered more rapidly than the 9rainage basin as a
t .~

't', .
(,. Reconstruction of an old landsc,ape that can serve as a

~i~factory reference in computing long-term rates of landscape
J:,~

ring in the Redwood Creek basin is not possible because the

s~rved patches of terrace gravels 'and old soils are too small
r' .

'd"ridely scattered. Moreover, .litholo.gic diversity of the bedrock
t .

. bably ah/ays resulted in a complicated lands:ape of moderate relief.
~ ~ .
Ci. •

'c, An upper limit on the long-term average rat.e of erosional lOi'/ering

~ther away from the channels. Bedrock outcrops are common in and

4Jacent to the cre~k, whereas they are uncommon elsewhere. The overall
Of . .

mi>ression is that hillslopes adjacent to the creek have been over
~.;..~. -
:~epened by active channel incision. The extensive mid-slope and

per slope areas of strongly developed Sites, Orick, Josephine, and

jbourne soil series, on the other hand, att~st to much slower rates. . .

, .
,ole. This assumption seems justified in light of available physio-

'R,hi~ and pe~ologic evidence. As discussed in the physiography sect~:Ji1

fl~his report, cross-valley profiles ~f the Redwood Creek basin show

!egularl~, convex-upward hillslopes 'with the ste~p~~t s10pes being

Creek and ~tsmore deeply-incised ~ributaries.

~Jslopes adjacent to these channels show thinner, less strongly
~,

velop~d soil profiles and mor-e active mass movement than hillslopes
...... >



~rs. and well-developed textural B-horizons are fou~~ only on sediments
+-: • ••

"'ndforms that are at least several tens of thousands of years old
",

"',hat are usually more than 100 thousand years old (Birkeland and others,

.i~~ Fully developed ultiso1s with broY-{nish-red and red colors and

,klY argillic B-horizons, such a~'the Sites and Josephone soil series,

ound only o,n early and middle Pleistocene landforms that are at least

ral hundred thousand years old (Trimble, 1963; Crandell and others,
::~.. .
~~ . '

1~Balster and Parsons, 1968; Janda, 1971). These soils could not'per-

,/if erosion was vigorous as 'the sites where they are preserved.

'Soil stratigraphic correlations discussed earlier indicate that river

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

J20,000 years old but more than 20,000 years old. However, the highest

hese terraces is probaoly at least 60,000 years old. Tne maximum

~ble average rate of incision ~s, thus, about 4.5 feet per thousand
<,f"" • •

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

. 0 years old, a more realistic upper limit on the rate of incision is
t .

qut 1.5 feet per thousand years. Therefore, during late Pleistocene and
;1:'

if
~gene time, the average rate of eiosional lowering of the Redwood
"

,e~ basin could not have been more than 1.5 feet per thousand years, and
-d;,. .

Zf
~probab1y much less.
,"':~.

'.

.. .
26



.. 27

PHYSIOGRAPHY

per square

a slightly

The
~i _

~~ter density than downstream areas (Iwatsubo, and others, 1975).

f .
~phic maps is about 7.7 miles per square mile (4.8 kilometres
~~. .
~metre) for the basin as a whole with the headwaters showing

~.

gicated by blue lines or inflections of contour lines on 1:62,500 topo-
",.",

}i\'. ~

toms. Hillslope steepness and instabi~ity,however, are not particu-

in the Redwood Creek basin relative to most other drainage

coastal California: The drainage density for streams

: "'J" basin rel ief is about 5300 feet (1-£15 metres). Cross-sectional
y

: '~~ef normal to the 'basin axis ranges from about 2000feet (610 metres)

and more than 3000 feet (914 metres) near the head of the basin

'n

,_2 to 11.1 kilometres) wide throughout most of the basin. The e10nga-

.on ratio for the basin is 0.34.
~'. .
",\!...
KZThe i~tricate1y dissected drainage basin is characterized by high

.ef, moderately steep to' steep unstable hillslopes, and narrow valley

~:Tfie drainage basin of Redwood Creek (fig. 1) is composed of about 280

(725 square kilometres) of rugged terrane within the North

a$t Ranges of California. The creek flows into the Pacific Ocean about
L

'.5 miles (28 kilometres) south of the mouth of the Klamath River and
',:,,;:J, ·f(;~

" ·(.H."

(60 kilometres) north of the m6D\h 'of Humboldt Bay. The

point in the b~sin is about 24 miles (39 kilometr.es) northeast of
t· .

reka. The basin is strongly elongated in a north-northwesterly direc-
·t~'.
;,r;

lkn and is about 56 miles (90 kilometres) long, and 4.5 to 6.9 miles
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except for areas between Minor Creek and Mill Creek,

less relief than the present lcndscape (Diller, 1902).

.
Throughout the entire basin the eastern drainage divide

•

•

). The relicf within

. .
The average hi11s10pe gradient

•

Creek, and near' Orick. The paucity of flood

active stream channels often abut directly against

s' higher than the western divide (fig ...

. .
e basin near Spike Buck Mountain.

-j; •

~ctangular grid superimposed on a 1:6i,SOO topographic map o~' .

basin that lic~ upstream from the mouth of

'30

ills10pe length, steepness, and shape provide important 'indications

relative susceptibility of hil1s10pes to various erosional processes

~ and Kirby, 1972)~ These properties were determined at 473 points

"

"eepest hi11s1~pes in the entire basin. Flood plains are dis~

narrow with' widths in excess of 200 feet (6i meters)

, .
lls1opes. From several vantage points within the basin, an

, valley appears to be incised into an older landscape with

hee~ti re basi n, as determi ned by the Went'.'lOrth (1930) techni que,

~ut 0.26 (14.4 degrees). More than half of the individual hi11
t,steeper than 0.05
~~i Jhowever, display average gradients in excess of 0.35 (19.3

. ,

~ees) (fig. ~ ). The eastern sides of r'1inor a'nd Lacks Creek dispiaj

,:'"idua1 tributary basins :--anges from 1320 feet (402 meters) to
:i;l
·:{~et (1183 meiers) with all values less than 2000 feet '(610 meters)
i . -
restricted.to small northern tributary basins. The highest peaks

tt " . .
'reatest local topographic relief occur in the southeastern part
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The drainage basi~ of Prairie Creek was excluded
•
i1l:~C of gross differences bet'i,een the crosionul ~esistance of the

~ock there and 1n the upstream portion. of the basin. Measurements

( made at each grid point along ,a line 'dra\'m norma 1 to the contour

hes and extended from the nearest divide to the nearest valley.

divides and valleys were defined by rather subtle contour

...
Seventy-five 9f these points on the sampling grid were located

flat drainage di~ides, alluvial terraces, ~r'flood plains with

dients of less than 0.05. Most pf these points are located on or

r the western drainage divide. Because hil1s1ope characteristic~

~ld not be adequately dete~ined for these sites with existing topc

r.~phic maps. these points were excluded from the analysis. The
f<\'·

~~graphic map measureme~ts at the points with gradi~nts in excess of
i' ,·
_,I.

;;bs are surrrnarized in figure G •
"~r'
'","'

Hills10pes steeper than 0.05 are highly variable in length. Th~,
;- "j

<an length is about 1600 feet {~88 meters) but the standard deviation
Ii'"

" about 63 percent of the mean. More than 36 percent of the measured

.bpes are longer than 2000 feet (610 meters). Although hillslope
D· •

ra~ients also show, a wide range of values, they are much 'less variable
~.

'~n lengths~ The mean gradient of hillslopes steeper than 0.05 is 0.34

;~:k degrees), and the standard deviatjon is about 32 percent of the
,~i.. •

~.n. Twenty-five percent of the measured hills10pes have gradients

t~per than 0.40 (21.8 degrees). The angle of internal friction for
~:

,t colluvium in the Redl%od Creek basin appears to be at least 0.50 (26.6
·~'i. '.

ices) as debris slides and avalanches arc restricted to hi1lslopes

.~pcr than this; twelve percent ,?f the measured hills10pe gradients
~.-

~:tceper than 0.50.



..
~.steep~r hill.slopes are mos~.abundant al?n9 the more deeply

. a~streams.· Moreover. the stream~ide ~~gments of the individual
h~

,~t~"·

-~pes throughout the basin are generally steeper than segments
/'

~~he·drainage divide. Fully 75 percent.of the sampled hillslcpes

~.(~,;than 0.05 have lower ends that are as steep as. or steeper
';ltr"' . • • . ,

, {~thei r upper ends. For example t 284 Abney 1evel determi na ti ons
l·

'~:lslope gradi ehts immedi ately adjacent to Red'rlOod Creek bebJeen'
..~..

c-roft Road (about t\,/o mi 1es above SnO\'/ Camp Creek) and the mouth

t~s Creek (Colman. 1973) have a-~ean of O.~O (31 degrees)

which is nearly twice as steep as the ~ean

. ~e;hillslope gradients determined from topographic maps.
f'

<i;"

ovement-Related Landforms

'" nY. hillslopes in the Redwood Creek basin are unstable and highly

. ~ptible- to mass movement failure because of the .steepness of the v
i~ne and the ;ow shear strength of many of the underlying rocks and
:~~:. .' . . . ,

-"s. At least 36.4 percent of the basin upstre~m from Prairie Creek

') landfonns suggestive of fonner mass movement failures (Co1r:-:an,

;J. Several. other areas in addition to those shown on Colman's
f

'(~) maps' appear to have be'en eroded by mass movemenL Steep "

ht. colluvium-veneered hil1s10pes, such as those in the drainage
..

of lacks Creek and Lost Man Creek. are sculptured by infrequent
~.. .

..~ shallow debris.'"slides and aval;~ches. The smooth convex-upward
~!F·. •

-Qslopes. such as the northeast - and east-northeast - facing slope

'~piate'y upstream from the mouth of Bridge Creek app~ar to result
'\\t~: . • . .

33J.-
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.,

,;il1y from c,reep (Gilbert, 1909). The ,steep 10\'/er segments of the
~ ;~'" '

, ~ulptured' hi1lslopes ShOH numerous small scale descrete

~s involving both rotational an~ translational movement. The
),~

f~incised amphitheater-shaped drainag~ basins of Colman (1973)
'c

'1':

~rhaps some of the large scale hillslope irregularities and
,.t;.' .

'age anomalies L!Pstream froi!! high\vay 299 res~lt partly from old, .
.I: ~ . • • •

fu-modified, deep seated mass movement. Evidence of old deep-
r~ "
~.'~' ~

'~d!mass movement ;n the Red...lOod Creek basin, hm'/ever, is not as
J!i
j!"

in many nearby drainage basins.

associations of slur.~ing!! and flowing movement
v '

earthflows are the most visually obvious forms of mass

~~t in the Redwood Cr~ek basin because the earthflows usually
'/

J rass , grass-bracken fern, br grass-oak vegetation that stands in
f:

ed contrast to the mature coniferous forest or cutover land
~:.;

~nt to more stable slopes. ~hese are large-scale landforms ~lith
L
nsions measured in terms of hundreds and thousands of feet. These
'~.
~r~s underlie about 13 percen"t of the drainage basin upstream from

'~uth of Prairie Creek (Colman, 1973). Earthflows all show
" "

nant scarps, f1ats, and hUr.1~ocky and lobate microto'pography. SCf:1e
,'~ ", , ..

it

~learly defined margins but others gradually merge with areas of
,:h

;{.

are intact blocks of soil and rock that have moved with

rotati on. primarily a' ong concave-up\"ard fail v.r.c-:.~y~~aces

Pure slumps are uncommon in the Redwood Creek basin.

•

...;

i
H



,35

•

, .

Although they presently appear to be'eroding ~ore

adjacent hillslopes, the earthflows in the' Redwood

~~. .~

,\

.!,he colluvium in earthflows within th'e Redwood Creek basin is

'stony sandy loam;' large blocks of bedrock are not conrnon. Some_.. _-_.-. -_ ...._._-~~
- ." . ~,..-

,-

~J. Other earthflm'/s are shown in figure I~ and IS- in this report

creep. Earthflows commonly become increa~ingly active

The more active portions of th~se features show

~tated or partly vegetated scarps, open lateral and transverse
'.

~~ . .
.;.;'figure ~\ of 'the Earth Satellite Corporation (1972) report.

. '
~

ess active than similar features in the nearby Eel (Dwyer and

~. 1971) and Van Duzen (Harvey Kelsey, \'/ritten communication, 1975~
'\

.~~_.: • • • • • e

'. basin a~e for the most part not deeply incis~d into the slopes.
~. . "

'Figure 1 shows Counts Hill Prairie, a typical large compound
,r;;' • •
'~

eastern border of Redwood National Park. Detailed

parts of this earthflow are contained in photo essay

afed by Earth Satellite Corporation (1972, fi,gs. 50, 52, -53, 54,

~;y less than a few feet per year~ Several of the more active
~.. .
~~ay move a few tens of feet per year. These earthflows are, thus,

d closed depressions, areas of 'bare mineral soil and discon

~ti~ gullies. Depths of movemen~ probably range from a few feet
~/
iveral tens of feet.' Field examination of surficial morphology
',!~

,~...

omparison of sequential aerial photography suggest that most of
",' -

, ,,'i:ound disruption is caused by differenti,ar m~vement and that rates
-'~':

urficial movement' on ir.ost flev/s ~ithin the Redwood Creek basin are
.\ '





..
location leaving ·behind an unvcgetated scar: with sharply defined

••
"

".'

...

than one percent of the total area but

..

•
"·',1n9 amounts of rock and regolith along a reasonably planar failure

',':-:
~:.

:~ce or zone that is essentially parallel to thc'hillslope. The
~I~~ •. : .' _.__•• _. ':""_, .0 __ ••._.__~

in the slide block is usually completely removed from its

~-'. ..
,are concentrated along the channels of Redwood Creek and its

't';..

;. "

'~and its major tributaries. Sediment delivery is effected by

9,hing directly into major stream channels or into well developed
~: . !

';'0\01 gullies within the earthflO\·/s. Thus, much of the eart~flo\'/-

'yed sediment in the main channels ;s delivered by small scale

i "Jal processes rather than directly by mass movement. Most of the
~ .

, ..;

';;rial delivered to the streams is sand-sized or· finer and capable

transported in suspension; ~robably less than 30 percent of

.~arthflow-derived sediment is transported principally as bed load.
1.'.

:{;Rock and debri s s1i d~s are another vi sua 11 y obvi ous lorm 0 f mas s
''1:::

~went within the drainage basin of Redwood Creek. These features
'\.< •.:....;

pr tributaries where they locally are a dominant landscape feature,

~~ are generally smaller th~n earthflows with their surficial

)~Jlsions measured in hundr'eds of feet. lengths rarely exceed 1000
{305 metres) ,
, .. and are usually two to five times 1arger than the \oJi dth. Depths

tt-ra_nge from a fe\'1 feet to a few tens of· feet.
~;-'

/".
;.\;Slides are characterized by dominantly franslational movement of



Although the initial movement involves little internal

of these blocks 'have little cohesion and commonly

e intensely disrupted as movement progresses. Typical streamside

figures 11, 15, and 18 in this report and in figures
~

i~59, 60, and 64 in the Earth S,atellite Corporation report (1972).
~~

;- i. Most slides wi thin the Redwoo'd Creek basin have moved repeatecUy.

recently active slides occur within larger areas With morphologic

'~. (or)' vegetal evidence suggesting former faiiures. Individual
I ;~~~.., •

':isodes of movement that produce large unvegetated scars take place
1~~

)',a relatively short time (seconds' to ,minutes'). Beyond the margins

,the raw slide scar, however, tilted trees and open tension cracks
,i·:
equently attest to prolonged slow movement that ,both preceded and

1.'~ .
o~~inu~d after the pri~cipal failure. Slides commonly grow upslope

of the removal of lateral support. Some mid-slope slides also

downslope by overloading the lower hills lope with slide debr: s.

failures involve minor rotational slumping as well as

sliding.

The lower segments of hillslopes within the Redwood Creek basin

thicker regolith, steeper gradients, wetter soil moisture regimes,

?d greater susceptibility to sliding than upslope segments. The
!~

.. ceptibility to sliding is enhanced at streamside sites by lateral

, annel erosion removing lateral support' from the bases of these slcpcs.
,~t~.'-. . .'.
~~ver, not all the streamside slides in the Redwood Creek basin

,',~ult from undercutting. Hany slides have failed, particularly those
}~~ .. -..

'"th to0S buffercd by' rock outcrops or nreas of overbank dCllosi tion,_. --_.-. -
- - ---. ''''''-:''"Q

of excessively hieh-pore pressures and seepage forcc~·generat~d

38
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. : .
. .

rain storms or becau~~ of changes in s16pe configuration

regime brought about by road construction and timber harvest.

'The sediment transported by slides in the Redwood Cree~ basin shO\'/

sorted grain-size distributibns. Cobble-size and larger
'.

generally more abundant in slides than in earthflows. Slides
?,;.

~~major sources of actively transported stream bedload and large bedrock
~;.~:

qcks that accumulate as lag concentrates along some channels. Most
f.....

!ide-re1ated sediment is delivered to streams by large-scale failures

during major storms; minor sloughing and gullying after the
. .

ruilure contributes lesser amount of sediment.

i.r Debris avalanches, flows and torrents, a trans.itional series

successively greater water content and lower viscosity, are

in evidence in the Redwood Creek basin. These phenomena all

downslope movement of soil, col1uviu:n and

~cia~ed organic ~ebris along relatively narrow, well~defined tracks.
'~r' t..
~tracks often follow natural drainage ways or roan-induced gullies.

a"anche deposits tend to be completely chaotic in grain-size distribu-
~;.

~~surface morphology, and internal structure. Debri~ flows, in

concentrations of coarse material, levees,

Debris torrents are indicated by scoured
t;-;

y wall s and floors, and often.let~·'~>i·nto"severe ly agraded stream
;b ,

.~els. Although numerous debris avalanches, flows, and torrents
.,

.t~in the Redwood Creek basin, they underlie-less than one percent
~,.

e total area upstream from Prairie Creek (Colman. 1973). Nonethc-

tthcs~ phenomena do move sedi~ent directly into: stream channels
~;

i.-~

fe a major source of both b'cdload and suspended sed.iment •
..~.

•



{' Debris avalanches, flow~ and torrents·are more ~revalent along

a'ds and in recent timber harvest units t.han in undisturbed forests.
;t

~se sha1lo\1-seated failures. ho...,ever, are apparently more.common in

"e other 1ogging- impact-study areas than in Red\',ood Creek (S\',anston,
.'~ . ."

it
~; S\"anson and Dyrness, 1975). The lo...,er i nci dence in Red\'lood Cree k

'i;. .

"b.ably refl ects1 OHer hill s lope'gradi ents, diff(;!refl-~: timber types,.
~;

d;differ.ent forms. of ground disturbance here.

'll-Seale Fluvial landforms \1 5\,!.~l j.J'1f/(Y]•• '.

~. .

'Ii,: Despite the presence of dense vegetation and highly penneable

actively eroding rills and shallow gullies are surprisingly

even the virgin forests of the Redwood Cl'eek basin. These

\ures are generally more abundant on the lower hillslope segments
." .
if; •

an near major drainage divides. Some rills are initiated by springs
¥',

at emerge from shalla..., pits formed by ..../ind-toppled trees. Others
t:

~ar merely to reflect local irregularities in the depth and
~

~'eabi1ityof the regolith. The geometry and directfo'n of flO\'l of

,~ rills and shallow gullies are controlled closely by roots,
t

riding trees, and fallen limbs and trunks, as well as by hillslope

40
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their cross.-sectional area or by eroding entirely

Iaovem~nt•

..

This concentrated runoff then erodes roadside ditches,

silvicultural and yarding syst~m3 employed in the Redwood
, - ---_. -_.._'-_._-----~

::LTC d~:scribe'd later in this r'cport. ' ':i.

in locally accelerated erosion by causing other estnbli~hed

sually apparent increases in the size and abundance of erosional

~:. .

~'presently not
,It;

;,- this report.)

. dronns produced by fluvial processes in recently cutover land.
~. l
:etativc to comparable virgin terr~/. In general, recent logging in

~.'

~~t parts of the Redwood Creek casin has accelerated fluvial erosion

6il and modification of natural surface runoff has been to produce

In many recent logging units ~thin the Redwood Creek basin,
~ . y

--~ticularlY in large tractor-yarded ciearcuts of old growth redwood,
:ll:""

i~,rds, skid trails, layouts, and conc~~:rations of slash have obliterated
~,~ . . '.. "i. &-," .. '. , 'JJ. . •

".~ natural, small-scale hillslopedrainag~'~~~aracteristics. Mid-slope

ads often have been constructed ~th a smaller number of culverts

there are streams so that the natural dr.ainage is intercepted and

The erosional impact of con

c:;0ntrated and red:fstributed runoff may "ue augmented by increases in the

):tal amount of runoff. Eyidence concerning such increases, hOvTever,
C,

co~lusive. (Available evidence is discussed later .

The net effect of this man-caused baring of mineral



iltholo~iC nnd fl.':, "ct Control of Hill':,lonc Chnrnctcri3tics

The paucity of detailed geolog~c maps of the Redwood Creek basin

correlation of hillslope characteristics with lithology

Nonetheless, the heterogeneous group of rocks within

zones 1 and 2 do appear as a group to show slightly steeper

Jerage hillslope gradients 'than those of textural zone 3. The
~j,

irrerence betvTeen an average gradient of 0.37 on textural zone 1 and

~e 2 "rocks versus 0.32 on textural zone 3 rocks is statistically

The lithologic control of

).lslope gradients, although obvious throughout" the basin, is more
r

ronounced in the southern half of the basin than in the north.

onnaissance observations suggest that those parts of textural zones 1
""1; ~

d 2, with abundant mudstone or tectonic shearing, show gentler
i~ ,

gradients and more abundant earthflows and slides than the·

At least forty-five cross-sections of tributary valleys display
~. .

"osing valley sides with marked1.Y different hills lope gradients.

shovm by tributaries draining all the prominent lithologic

the basin. The northerly-facing hillslopes in all but

ght of the 45 most priminent examples of valley as~~etry haVe
.'{;~ -

fi'"
~eper gradients than the southerly-facing hilJsloped ?his as~~etry

satisfactorily e~~lained by Coriolis force or b~drock

'. ology and structure because the asymmetry occurs on both easterly
;;

'westerly flowing streams and is at a high angle" to the general

- ...

..
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and east-facing hills lopes receive less insolation

..

.'

These vegetation differences probably reflect the

distribution of types of hills lope eros~on processes
. .

relate to.hillslope aspect. For example. on south-

erosion.

basin-wide slope aspect control of gradients of isolated

because no stptistically significant correlation between

in gradient. North- and east-facing hills lopes throughout

"

j:,.

~croclimate have influenced hillslope form and process, man-induced
J '.:. . '\ .

/'.,lfication of th~ natural vegetation may well alter rate~ and processes

and gradient or length could be detected even

~n the d~ta were classified into bread lithologic units.. Nonetheless,

..
'~ west-facing hillslopes. ear.thflows are more ~revalent and smail scale

landforms less prevalent than on north- and east-facing hill-

tend to show more arboreal v~getation and (or) a greater

viral! vege~ation density than their ~outh- an~ west-facing.
,{

.((

uring the heat of the day and ar~. therefore. cooler and moister than
C

pposing south- and west-facing hillslopes. The extreme lateral
:(

~riability in lithology and structure app~rently obscures any
.i_'

of geologic ~tructure. Hliisiope aspect (orientation) control

f.~~icroclitIklte 'and vegetation does appear partly responsible for the
1':
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SmEAl,l CHANNELS

densely forested "upper 'flood p;Lain" . (fig. 8) underlain by

feet (2 meters to 5 meters) of unweathered fine sandy loarn

decade. At sections with more than one upper flood plain surfac~,

Redwood Creek during low and moderate discharges flows within an

directly against the active inner flood plain, but elsewhere a

In most 'reaches, as discussed previously, rock and hillslope coll~vi~

(20oC:5°C) average summer water 'temperatures along Redwood Creek.

d silt loam is present. More than one unweathered upper flood plain
!,~

.;

vegetated, gravelly "inner nood plain" (fig. 8) that is .typically
~(:
<i

4;:'::

,1 major floods that uzually occur not more than once or twice in any
~. .

and a half to seven times as wide as the low water channe,l. The

'bannel within this gravel plain displays alternating meandering and
'I.", •. .,.

faided channel patterns with braided patterns being 'somewhat more

'evalent. The width of the unvegetated inner flood plain allows con
~.

viderable insolation to reach the surface of the low water channel,

cept where the inner canyon is particularly narrow or the riparian

'~getati~n is particularly tall. High insolation results in generall:,"
C"" •

~s present at many cross-sectipns. Some of the most magnificent red~'Tood
i

":'.
r~' •
~oves wi thin Red,.,ood National Park are on these upper flood plains.

The lower flood plain of Redwood Creek is completely inundated

~veral times dUring the course ofa nor:nal winter stom season. The

.: per flood plain, in contrast, is apparently completely inundated onl:,."



Schematic representation of a typical cross-section of the
flood plain of Redwood Creek.
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..
of January and March 1972 inundJted only the lowest one or

Furthermore, not all sections showing only one upper flood
o

· ...,ere subjected to overbank flo~ding in 1972. While this report

I_preparation, a similar patter~ of inundation was associated with

i jor flood of March 18, 1975. The frequency of overbank' flooding,
z. •

<.ore, varies' from secti~n to sectioran?J1p finition of a geomorphically
:::~:: ;,

discharge" .(Leopo1d and.others, 1964, pp. 319-322)
. ..
.

',he origin of the multiple upp~r flood plain surfaces is poorly unc~r-

ajbut at least three, not mutually exclusive, processes may account

First, multiple surfaces could result from channel incision

a by geologically recent u~lift; this suggestion is compatible w;:~.... .

'ley and La~larche, 1973); apparently even~~ged stands of trees on
~~ .

;~pper flood plain surfaces suggest that this is true at least locally ..,:' .

fi. historical observations and depositional sequences exposed in
.; . .

~nks suggest that the principal areas of overbank deposition alon;.. .

6~ Creek, unlike "normal" flood plains described by ~!olman and
';

'~' (l957) , cOlT1T:lonly receive depositional .incrl?ments about 1.0 ± 0.5
...~ o. IS Y'I\~1':Y) •

:pick during a.single flood event. Such rapid overbank deposition ~ay
l.

·::~he upper f.lood plain surface to bui.ld"up ·to the point that the
\-
",
1i~Y of overbank flooding is drasticall!" reduced..· "".~_."~

46



During hiGh di:chnrGc pcriod~ whcn the crceK OCCuplCS .the entlre
.

bany.s, only n few lnrge mid-channel. bars nre emergent

''4 the creek di:.plays a single sinuous channel. During the:.e high,. .
"

.~1S the thahTeg wanders back and forth over the entire inner flood
~.'

-,

"~n causing considerable cut and 'filL. (for example, see cross-section
..'

The inherent instability of the streambed material
~~:

'd the paucity of pools suitable for low-vrater rearing of fish appear

"~dra:stically limit aquatic Et:'1'lp ....a-c productivi:,ty.

For the purpose of discussing present..channel characteristics and
i'
,I<

'ocesses, Redwood Creek can be conveniently divided into seven dist,inctive
./
'aches on the basis of field and aerial photograph observations of
't: . ...
f,

stability, bed material, channel obstructions, and fluvial

deposition.

Reach 7 .

The 4i miles (7 kilometers) of Redv;ood Creek upstream from Snoi'T Ca.::-:p
;,i,:"

.;~ek (reach 7, fig. 9) is characterized by steep gradients, alluviel

of' larg~ grain sizes, ,abundant log and debris'jams, and extensive

(Colman, 1973). Channel gradients range from 125 to

(20 to 190 ~eters per ~~lometer) with an average

..,<?pe of 550 feet. per mile (110 meters per kilometer). DUring
J

.'~e s'Ur:lIIlerand early autumn much of this reach is dry and inter;::i t'tent.
,;~

Throughout most of this reach no uPP,cI: flood plain is prcs.::nt :..0.'1...5.

. ~ active lower flood plain abuts directly against colluvial hillslop~s.
'ji"

and adjacent hillslopes are. extremely' unstable and abundant

------~.... '.~

"
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~'•

.
jams have obstructed stream flow in the

, ' .
•

,"., he a11 uvi urn.
r

';,.' reach and have acted as bed-load sediment traps. The storage
:"

•
·:Near the downstream end of this reach a steep cascade underlain by

ity of these traps has nO\'/ been campl etely consumed. .Streambed
" , fIr!" 30 ",c-fe~.f)

~:tions cam'l1only fall 50 to 100 fee~ on th.~ downstream ends of the

~prObablY indicating the amount of ~pstreamaggradati~n. This
~':

,"i~d'sediment forer.s the only alluviated sections in this reach.

~Streambed material consists' predominantly of subangular to
~!-:

~~nded cobbles and boulders;. arigular bedrock blocks several tens

eet in diameter are abundant in non-alluvi~ted sectio~s. Bed
"I

~.~-

~!al in this upper re~ch shows the largest average grain size of

'Pod Creek. Some culverts and logging cables have been 0 incorporate::

Cfumulation of angular blocks of sandstone several tens of feet
;<,

f'

fl' • •

<vium is found in the channel b,ottom during low-flow periods.
\" .
}j .

, ~imately 64 percent of the stream banks in this reach display

rl: of active erosion. Tractor logging of old grO\'Ith Ooug'las-fir

~fs during the late 1950's and ,ea'rly 1960's has clearly accelerated

stream--bank erosion. Despite the introduction of. prodigious

'tities of coarse sediment from streamside slides and old cutover

~\thestream typically shows a single meandering channel, indicating

.,1veloci~ies are sufficient to t~ansport most of the sediment presently

o'<~fed to the channel.
,i;,
7;i



. .

•

in the alluvium. Approximately 18 large accumu1atio~s

o •..
'0

. '

Channel gradients range from 34 to 500 feet per

). Flow is perennial throughout this and all

.
debris occur in this reach but only one is sufficiently

forms a natural barricr'to upstrcom migration of anadromous

shows two monu~ented stream channel cross sections

,;
'.~

,.xtensive flat~topped gravel berms have been deposited in' this

~Qn the insides of channel bends an~ in areas of abruptly increased

gradient. TIIJO distinct· levels of berms are present.

~11 ~efore the creation of Redwood National Park.

'10

f~ous to act as an efficient sediment trap. Other debris accumula-. ~ .

veraging 83 feet per mile. Wide alluvial reaches are more prevalent
; -, , ,

.n reach~.·· Culverts, logging cables, and truck tires are
~ .

~ide hi1lslopes has been adversely impacted ~pefl by logging cdrried
:;' .

it , '.'

.; however, are large enough to deflect the current against streamside
·f?··: .. • •• '. . .
'~latfons of colluvium. Approximately 62 percent of. the stream banks

reach are actively eroding. Streamside slides occur on the outside

dramatic examples of large-~cale streamside instabil ity

. e~'entire Red\'lOod Creek basin Occur along the fourteen-and-a-ha1 f-
.tig. kl1D,..,(-r~,..) . . " 0

reach between Snow Camp Creek and highway 299 (Colman, 1973)

'<
ijr1y all of the channel bends and are generally larger than the slides
,.

. ehead~"aters. 'As in reach 7, erosion and stability of stream banks .:r.:
- '\,



top of the uppcr bermc is npproxireately 15 to 20 fect (5 to 6

"ters) above the present thalwcg~ and a lower, less prominent, berm

~~s 6 to 8 fee't (2 to 2.5meter~) above the thehreg., The upper berms

l, youn!alder~, rnadrone, cedar, and Douglas' fir seedlings that

,ins the summer of 1974 were no more ~han 10 years old; thus, the
;,

been deposited by the 1964 flood. The lower bel~

cover of young alders and herbaceous plants and

obably reflects the 1972 flood. Many large upright conifers showing

annual rings have been buried 'and tilled by the upper berm

Despite large amounts of post-1964 alluviation, Redwood Creek

ntains a single predominantly meandering' low-flo'" channel pattern

Grain size of bed material is substantially

cobble gravel composing most of the bed
v
'~teria.1 and colluvium being less abundant. Pools sui table for rearing
t:;:,

l:

~ung fish' are few; those that are present are associated,with turbulent
.. - .

.'ddies caused by large blocks of rock or accumulations of organic debris.

Figure 10 shows a monumented cross section near the downstream

reach; figure 11 provides photographic documentation of

eomorphic conditions along this reach.

Reach 5,

In the 16-mile-long (26 kilornete!'s) reach bet,~een high'Hay 299 and
",,~ '" '

c e mouth of Lacks Creek (reach 5, fig. 10), the channel of Redwood Creek ~s

in general it becomes wider and less

51
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refer to text figures.
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·'-...,

,': cp thon reach 6. The typical channel pattern in this reach is also

'~rc braided than in upstream areas. The average s~adicnt for the
'.

24 feet per mile (5 meters per kilometer), with the

'~dient of the upper third being 32 feet per mile (6 meters per kilo

'~r), and that of the lower tyro-third: being only 21 feet 'per mile

·'·..JI1eters per kilometer). Numerous compound earthfloYTs along' the right

segment of.±hi;.,;~~.re:~.ch above Minor Creek

:~tribute large voltnnes of sediment directly to the creek. Streamside

slides and debris slides, although smaller and much less
".,.

~hndant than along reach 6, are common on both sides of the creek.

} decreased abundance of streamside mass movement failures is partly
~~.\..

.~ .. result of increased width and frequ.ency of occurrence of upper flee:'
,;t. . " ,

"ains and low alluvial terraces which buffer potentially unstable
.1:: .

i}slope's from the scouring action of flood floYlS. Logging of ripar:':=.:J. .

.... etation has had less direct effect on the channel in this reach tLan
, ~
'upstream areas. HOYlever, cattle grazing, sewage disposal, and
r

of low-flow recreational ponds have altered the physical
I

'~d chemical characteristics of' the creek. Approximately 56 percent
it
' .. the streambanks in this reac·h are actively eroding.

(,

The increased channel width is most noteworthy in the upstrea:.:-~~=:

(21 kilometers) of this reach. Several broad alluvial reac::-=s

~h active lower flood plains as much as 650 feet (198 meters) wide C~:~~
~.

~the Redwood Valley part of this read!. Those parts of these wide
f' '.
,as that are not persistently inundated by normal, winter storms

~Play a se~eral-feet-thick gravel veneerimplaced by the
:t '
~)2 flood; thls Gr:lv~_l v('ne~'r is the upstre'~-r.tO~t-lol-Vid.cnc~

~njordcposltionassociated with 1972 floodinG. ~ecent



in this reach than any other. Some large pools suitable

and boulders in the alluvium of this reach are less abundan:,

in marked contrast to the less ~inuous course of Redwood· Creek

".

..

..

56

.
fish occur in the steep rocky section above Minor Cree~

..

, .. .

not knO\·m.

along this reach.

· J" •

~r in diameter, and more rounded than in upstream areas. Moreover,· .

"

pstream and dO\>I'n'stream ree.:ches. The degree to \'/hich the occurre.nce
'-,. .

~rphology nf these meanders reflects lo~~lized vagaries in geologic

...~

9 the incised meanders. In the intervening section pools are
i';'r

;i9V~~ \0 shows two monumentcd stream-channel cross sections in
~:' . {'e ~",( ''3
r.~ach; . . .' . pravi des photographi c documentati on of geomorphi c

in some of these alluviatcd areas has nearly obliterated

:treambanks th~t separate the lm-/er and.'uppcr flood, plains.

':-The dO\'tnstream end of this reach displays a series of tight meanders
..' (II' (Q (:1 ,.... ehr!J
':~ci., \50 to 200 fee~ into Pleistocene te-rrace gravels and underlying

. "

These meanders have am~litudEs .of 3000 to 4500 feet (914 to 1372 =e:e;s... . .

t-~asing amounts of fine pebbles and sand are mixed in with the
~ . .
· .

, ~'riibed materials. In fact, the surface of some of the gravel is stror.glj

sediment. Several large accumulations of logs and

occur in this reach but they do not appear to have

d the stream or even to hav~ caused major deflection of its thal~,eg.
~' ,,,...
!~

~'~artifacts, including culver~s, logging cables, and automobile parts
..,



FlgJ.re 13A

F~ r't rc 1.1I3
r:lr,lre 13.- ~;t(~rc~I~r"am~ sl1m.. itl;~ ckltlnr.l and hj11510pe condjU!m3 in a part of reach 5 of Redtrood
Crc(:k :in 1?117(r,) ,'JIYI 1?73(B). LO~.Jtion:J of stcrco',~t';lrn~; ~;hmm 111 figure 12.



4

~c 8.8-miie-ldnc (14 kilometer) reach between Lacks Creek and Copper

~(rcach 4, fig. 14) is characterized by a single sinuous rocky channel
,".\..

ielY lacking upper flood plains and alluvial terraces. Channel

'~ts range from 19 to 30 feet per mile (l~ to 6 meters per kilometer)

t.erage 22 fe,et per mile (4 metpzs.~:p.;·'I' j)r.ilometer). About 52 percent
'r· ,\." #.",

~~

~ strearnbanks are actively eroding. Hillslopes adjacent to the channel

·tshowabundant and varied mass movement that delivers large quantities
\(

The grain size of the bed material

:ger in this reach than in the Redwood Valley reach (reach 5). Alluvi~.

~onsists of a mixture of frequently transported, rounded cobble and

and a lag component consisting of large angular blocks of

Mass pools 'capable of supporting young ana~omous fish , ,

are associated vdth the bedrock blocks. Large amounts of

~~ debris, including sawed logs, get introduced to the creek in this

Hpwever, considering the rough, irregular character of the chap~el,

this debris are surprisin~ly small and few in number.

accumulations th~t are present do not appear to have

ticantly modified stream processes•. Flood-related depositionalt ,.
es are also scarce. Despite the lack of obvious .depositional featurcs~

nearly as abundant in this reach ·as in the RedHood Valie~·

{Flood lines here are gener~U'Ylo·~\~f~l~; than, .tho$c in upstream and

Prior flood flows along this· reach apparently were

increasing velocities more than by increasing depths.

--_. --_.'-.-..-.... ...-:--~"-'i;"-
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natural stability of the steep str~amside hi11s1opes in this reach

~~entlY has been adversely impa~ted by construction'of logging roads and

In fact, since 1968 the direc~ impact of logging on stream

has been g·eater in this ,reach than in any other along Red','/ood

Fi gure 14 shows three monumented st re2;r."J"channe1 cross sections along
~ ;,:

reach; figure 15 provides photographic documentation of geomorphic

reach.

two-mi1e-10ng reach (3 kilometres) between Copper Creek'

~::the southern boundary of Redwood National Park (Reach 3, fig. 14),
";1.(

~jChanne1 becomes noticeably wider and steeper and shows a renewed

~ency towa rd bra i di ng. ; Gradi ents range from 31 to 38 feet per mi 1e

; a 7 metres per kilometre) and average 35 feet per mile (6.7 metres

Jkilometre). A few small upper flood plains and 10\'1 terraces are
Ii'

, sent at the upstream end of this reach. Si xty-ei ght perc'ent of the
~i •

r . I

. ream banks are actively eroding. Streamside hills10pes also shO\'1 con-

'~~rab1e natural instability (CQlman, 1973); stability here, hO\'/ever,
:~;.-

"

':not yet been as directly affected by logging as in the reach above
( .
per Creek .. Actively transported alluvium in this reach consists mostly
~. -
,
ebb1e and cobble gravel. A lag ~omponent of large bedrock b10cks

\'..

.resent but not as prominent as in the <::djacent reaches. Rea'ring ponds
I.,:.. • ..
I' '

. :'again associated with these blocks. Several large accumulations of

~. and other debris have collected on a few of these blocks' and have
.J

'Jected the current a~a i nst the adjacent strearn..,bafl~J,.JJ)'~~~4ccelera-

".
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Fi"ure 15 A.. 0

Fir,l1re 15.- Stereop,rams sho\-rinr, channel ahd hillslope conditi~ms in part of reach 2 of Redwood Creek
in 1936(a), 196e·(B), and 1973(C). Location of stereograms is shown in figure 12/ The 1968
p~oto~ra~hs are included to indicate conditions at the time Redwood National Park was established.



reach" of
shown

at the timeto i~dicate conditions

conditions in a part of

't ;a

'"

. t
!.

Figure 15c.
?igure 15. Stereogram showing channel and hillslope

Redwood Creek in 1936(A), 1968(B) and 1973(C). Location of stereogram is
in fieure 12. The 1968 photogrC:tphs nre included
Red\Jood Nati.onn1. P:.1rk \v;f:; e:.;Lrlll U.;h:·d

Figure 15 B.



vegetated, flood deposited berms similar to those

~bed by Stewart and LaMarche '(1967), and Helley a~d LaMarche (1973)
k·· •
; ....

'Sat several points in this reach. These berms rose 5 to

to 3.0 metres) above the low-water channel.

upstream end of the channel appear related to the 1964 flood,

as those at the downstream end are relnted to the 1972 floods. During
l\

floods of January and Harch 1972, more than 15 feet (5 metres) of
I., • • •

deposited on the orifice line for the U.S. Geological Survey

am gaging station at the sourthern boundary of Redwood National Park.
ift~ •

'{Figure 14 shows a monumented stream-channel cross section near the

~tream end of this reach; figure 16 provides photographic documenta-
"t
;l,".·

i~fgeomorphic conditions along this reach.
I;'

4For. about one mile dO\'lnstream from the southern boundary of Red\'lOod

Redwood Creek f10wsthroug~ a steep narrow rocky gorge

14). 1·1any large blocks of bedrock have accumulated in
L

~reach, but they are not' large lenough or abundant enough to impede
. . ~-'>~.'

i
'team migration of anadromous fish. The gradient is highly irregular

"t;~
itail but averages about 47 feet ~er mile (9 metres per kilometre).

I:

l'

<~over half of the stream banks in this reach are actively eroding;

~~roding banks appear to be protected by large bedrock blocks implaced
:.

'~&riety of mass movement processes. l·~deed, the streamside hillslopes
t .:

'ay some of the most active mass movement in the entire Redwood Creek
J.

;1',{

,(Colman, 1973). The west valley wall which is underlain by

.....

. .
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Figure 16A. 1936 conditions

Firrn!"p. 16. Stereor:r~ll~ show ing channel and hillslope conditions in a part of reach .3 of Redwood
r.rct;k in 19)fJ(il(, 1?68(b) and 197J(C). Locn 4

...ion of th('~e phtor;rnphs is shown in fit-;ure 12.
!:,e 1968 photor~r.:J.iJhs "ire incl~ded to irdicatc con(!Hions at the tiIne Red'tlood National

'?,rk W,!'l e··t:lh]jf.1ld o

.\



F1~ure 16C. 1973 conditions
Fi~crc 16. Stereoqrilfr.S sho\'!ing chilnne1 anI:! hi11s1opc conditions in a part of reach 3 of P.ed\"ood Creek

in 1~3~(n). 19~n(n). and 1973(C). Loc~t1on of these phot0~raphs is shown in fi~ure 12. The 19G8
r!":otoqrap~,,; art; inclu1erf to indicate conditirms at tile tir:~e Red".'ood National Park ~·tas estahl1shed.

I
I
I.
j

·1
:I

J



ste of textural zone 3 appears to be sculptured by, exceptionally active
.•... . t·····'P·

~6 miles (26 kilometres) of channel below the'mouth of the

<~ rocky gorge (Reach 1, fi g. 17), Redl'Iood Creek is 'characteri zed by

iided channel set in a broad, active' l6wer flood plain. At many

)ities one or more narrow upper flood plains separate'the active lower

od plain from the adjacent hill~lope. Some terrace gravels are present
'i" ,

~hey are not associated with prominent landforms. Channel gradients

to forty feet per mile (1.5 to 8 metres per kilometre) ana

feet per mile (1 metre per kjlometre). The lower four

~(~ix kilometres) of channel are lined with rock levies designed to
~~

>.~. ", .
,ct'the broad flood plain' in'~~ vicinity of Orick. About 41 percent

'~unlined streambanks along this reach are actively eroding. The
~

{'flood plain is actively widening at many localities. but his process

- t in evidence in the area between MacArthur Creek and Prairie Cr~ek

',section 3. fig_ 17). Streamside slides are smaller and less abundant

than in any other re~ch along Redwood Creek (Colman. 19i3).
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.,
tempcraturcs are somewhat less here than in upstream areJs.

~. .
'se taller, more abundant riparian vcgqtation and rJ:Iorc persistent su::-:~~cr

_esult in substantially less insolation reaching the surface of the
,;:~: . .

;~ter channel here than along upstream' reaches.
~ .
'"}lhe stream bed, which consists mostly of pebbly sand and sandy

,i ~ravel, is actively agrading in.th~ area between Bridge treek and
~':

Pools ~uitab1e for r~aring youngfi~h are sparse because ~EfP

only in association \·dth turbule~nt eddies caused by rocks cr.:!

or where recent stream deposits have restricted the low

and increased stream velocity. Flood-deposited berms of

and cobble gravel are prevalent irrJilediately bel 0\'/ the n;o:..;: .....

. ~. gorge and on the inside of many stream bends down to the mouth c:
~L' .
~":-r-

·[reek. Some of these'berms have been deposited on the.outer edges _'

and have killed young tanoaks, m~ples, Douglas-firs,
~; 1·'

~~d\'/oods. The berms in this reach all-appear to'have be~n emplace:
" ) . . .."

.~least to have had their upper surfaces modified by.the 1972 nooes.
"\!
. f the dead trees were killed prior to 1972. so that the 1972 floc:
·~.P:

~ts in some localities may be only a veneer over older. perhaps 19E~,
;·'·L

-2' Even in some·.areas without prominent berms, sandy gravel is bei:.;

3ted at sites that formerly rec~ived only fine grained, overbank

Some small tributary valleys h~ve.been dammed by recent gravei

Many other tributaries have been sever~ly aggraded by back

Metal objects and tires are not as abundant as in some

-' ,.
----, --'_.__.~.. ".~-:r

'..
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reach.

and tributary channel s withi'n the 278-square-mi 1e

but at least nine.of these artifacts were clearly visible

between Bridge Creek and Prairie Creek during the

Olary Channels

f . h 1
~Themaln c anne

:::of 1974.
~'\

tt~9ure 17 shows two monumented stream channel cross sections in this
.:~ .

:,,~' Figures 18 and 19 provide photogra'phic documentation of geomorphic

jsquare-kilometre) drainage basi~ of Redwood Creek upstream from the

~m gage at Orick show a pronounced trellised drainage pattern with an

.~ll drainage density of about 7.7 miles per square mile (4.8 kilo-
C":, . .'
~~ per square kilometre). This pattern is comprised primarily of a
t,;.~

(.

'~number of relatively short individual tributaries that drain rela-
, .

e:~sma11 areas. Only two tributaries, Prairie Creek and' Lacks Creek,
I'l'~

~' more than five percent of the total area. The drainage areas of
',:
~2B tributarie~ shown on figures 9, 10,'14, and 17 range from 0.2 to

quare,miles (0.5 to 44 square kilometres).
; I,

,~'Prairie Creek, which is the l~rgest~nd downstream-most of Redwood

:k's major tributaries, drains about 40 square miles (104 square
~..

'c;"

:~etres) and enters the main creek about one mile (1.6 kilometres)
'~':

th of Orick(fig. 2). The drainage basin of Prairie Creek upstream
K

~:the mouth of Lostman Creek is underlain primarily by unnamed weakly
".-~ "

,~~

u!"ated sedimentary rocks and i scharacteri;ied by average hill slope and
~- . .

..c.
, ~m channel gradients that are less steep than elsewhere in the

basin. The southern part of
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Figure l8A. 1936 conditions.

r'l;r.1:-e 18.- Stere0lrra:ns showine channel a:1d hills10pc conditions in reach 1 of Redwood
Creek ncar the Tall Trees Grove in 19J6(A), 196B(B), and 1973(C). Location of these
rh'Jtoer'lms is ~hmTn in f'j ~rc 12. 'The 196fl nhotograrhs nrc inc1:1dcd to show conditions
at the ti:r:e Re·.h:ood ~h tion:J.l P:Jrk wa~ c:;t·,b} ished.
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Fioure 18C. 1973 conditions
F10ure 18. ~tereo~ra~s 5ho~ling channel and hil1~lope conditions ~n reach 1 of Rcd~ood

. Tall Trec~ ~rh~c i~ 1936(f), 19G8(D)o and.1973(r). location of these photogra~hs
12. Th~ 1958 photo~raphs are included to indicate conditions at the time Rcd~ood

e$tahlished.·

Creek near the
is shown on fiQure
National Park ~as

Figure 18B. 1968 conditionsr ...··~·,...· ,.",:,.,.'.~ ~.~.~ ..._~-..,.; ',...!'<"...':";-~:~
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Firure l~Ao 1936 con~it1ons

of Rcd,...ood
and

p~otor.r:lT'hs
.... 1'"

,.;,(: 190- ~jt.r;rr:f):~;~:n~ :'Oh')Hillr~ chnl1:1el and hjlJ~lon(> con~jLj()t1s in reach 1

S:--e<;k in Ute vic:init:J' of Prairi~ Creek ::l.~I(r Nt:".rthnr Creek in 1736(1\), 1968(9),
1973(1;). I.()~.1~.;rm of thr~:-;(> nhot.nr;:.1nh3 i::: nholrTn in fil~lrp. )2. Thp. )9~8
'~rt; ir,r;]Il'lr"l L:J jrl'lir~:J.l.(: t:lJn~I.i! ..if):':i ;IL Llj(~ Lhl!' 17I',lI.,nr,,1 (' ... "J. H,,; "
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n~ure 19C. ·'~r7j c')nditions

F1gur~ 1~. S:crCOCfil!':1') ~llo\dr~~ ct:ilnnel and hi11s1opc conditions in re'lch 1 of RedHood Creek in the
vicinity of Prhir1e Crcev. ('net !1c1\rthllr Creek in 1?-3G(1\). lSfr.(r.), and 1973(C). location of these
phcton,r~r>h~ ;~~~$I~Q·.,r. on finlll'C 12. TlH~ 1~[r, photcflrilrhs (Ire ir.clurlC'd to indicate conditions at the
4-1 •••. ,",.,',.,,·,.,,1· :':""",;,1 r;,Y'I' 't.I'· (''; 1 ,11,11 -:111 111.



The

obstruc-

Creek· basin, including.th.e drllinage basins 'of Lost Man, Little
. .
an, Geneva, Berry Glenn, and Skunk Cabbage Creeks, is underlain by

/ranciscan assemblage of rocks and h'cs phys iography that is more com-
~: .

-ble to that found upstream from the mouth of Prairie Creek (Ih'atsubo
-t$

;"'thers, 1975, tables 1 and 3).

IPrairie Creek has a single clearly defined channel that even during
::~:.

dhow' occupies most of a narrow inner flood plain and displays a
>:':,,',

~htly sinuous to meandering course. Throughout most of its length,

,s'channel is separated from wide upper flood plain areas of overbank

p'sitionby clearly defined banks. The longitudinal profiles of Prairie

• 'and its major tributaries are shown in figure 20. The average

nhe1 gradient is about 64 feet per mile (12 metres per kilometre), but
"

I~ownstream half of the channel below the headquarters of Prairie Creek

te Park has an average gradient of only 19 feet per mile (4 metres per'

Streambed material is predominantly sandy-fine pebble gravel.

organic de~ris are sparse and do not appear to

upon channel behavior or fish migration.

,'Redwood Creek's tributaries, including those in the southern portions

,~e Prairie Creek .basin, typically show channel characteristics com-
>
~le to those of Inain channel reach 7 in that they have straight

t:

i ,:~ghtly,s inuous courses, steep_gradients, infrequent area,s of over-:

iaeposition, heterogeneous bed material, and abundant natural
'i .

~{. .
\caused by wind-toppled trees, debris slides, and rock falls.

profiles of 28 major tributaries to Redwood Creek are shown

".
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South Fork .!-osl Mon Cre,II

Vertically exaggerated stream profiles for Prairie Creek and its
major tributaries.
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9, 10, 14, and 17. Average channel gradients of individual

, 6utarics ra~ge from about 250 to 1500 feet per mile {48 to 286 metres
:~" .
(kilometre). Lacks Creek, Bridge Creek, Tom McDonald Creek, and
\\:,

!Ii(c"
"rthur Creek are the only tributaries ~pstream from Prairie Creek to
;y
,~ average gradi ents of 1ess than 400 feet per mi 1e (76 metres per

1<'~:

~~m2tre). The channel gradients, however, are highly irregular in

, 11 and reflect lithologic and structural properties of the underlying

rock as Hell as obstructions caused by recent landsl ides and accumula-
'""£ns of toppled riparian vegetation'. Some low ,gradient reaches near the

" , '

~~tern drainage divide of Redl'lood Creek, such as in the headl'laters of
t "

,t Prairie, Noisy"Lupton, Bridge a~d MacArthur Creeks, may be associated

remnants of an old erosion surface.

Alluvial streambanks and areas of overbank deposition are uncommon
c:
~,~I

<1'119 tri butari es except immedi ate ly upstream from promi nent obstruct; ons
I .
~.,

tlin Ilbachlater areas" influenced by flood f10Vls along Redl'lOod Creek.
·i.

'",

}eambed materia'ls are highly vari~ble in grain size and sorting

~racteristics, but subrounded to stibangular, pebble and ctibble gravel
!lit
_~:IOOSt prevalent. Flood-deposited, flat-topped gravel berms comparable

"

,.~those found along the main channel are uncommon in the tributary basins.

Dense riparian vegetation severely restricts the "amount of insolation

thing unlogged portions of tributary streams. Light levels are so low
",

')1,9 ,some tributaries th3t they limit aquatic ,productivity. Reaches of
ii.'
i

}iutaries flowing 'through natural breaks in the vegetal canopy sho\'I more
;,

:lphyton and benthic invertebrates than do adjacent reaches.
f

-',----... -"7"",._~.~
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••

strea'mside slides'and gullies are cornman along the dO\...nstream

cs of essentially all of the deeply incised tributaries. Examples of
."

'\,l

:'t~instability arc particularly prevalent. hO\'/ever, in the.sheared
( ~ . "long'.

~it zone between the schist and sandstone, and alon~lnorth7~orthwest
L~.

~..:/~.

a,Jng linear channel segments, such as those along Bridge Creek and
./. .
. 1 .

:·Creek. These tributary channels actively interact \'/ith these
,,'

"a~~ide areas of instability because of the scarcity of floodplains.
lr:

-;:.relatively minor channel shifts frequently erode the basesof hillslc;::,es

ereby trigger slides' that deliver large volumes of sediment directly
,~L .

.~ stieam channels.

introduced into the streams by various hillslG~e

is transported downstream, but a prominent.lag compone~:

of colluvium is generally present in all but the most

This lag is ~n imp6rtant element of the

Most of the, pools that persist through the su~~er

," ~

;low period are associated with large blocks of colluvium. These blocks

;serve as stable nitches for benthic invertebrates. On the other her.d,

. $,~ively large and abundant blocks of. colluvium make many tributary
~ '., '

,:~s· unsuitable for spawning by anadromous or resident fish.
j' .

~. -

fallen trees and streamside rock and debris slides along the tribut.:::-ies
:!'t"
.f'

t~omp~etely dam t,he tributary streams' and give them a distinctive
!

~d profile. These obstructions serve as check dams and energy dissipators
f"

,':ereby mitigate storm damages (Heede, 1972); hO\'/e'{er, those obstructions
(.. (1 . 5 0 r .2 me t res )
re marc than fi ve or six feet hig~ form effect i ve barri ers to fi sh

•
, .
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.
(Gibbons and Sulo, 1973)~ All of Rcd\'/ood Crcck's tribu-

',dCS upstrc'am from Prairic Crcek havc a seri~s of such barriers that

'turally limit anadromous fish to the main charinel and the lowermost
;~

t
raches of the tributaries. , Some of th~ larger tributaries, however,

{,

~$upport resident fish populati~ns in reaches between these barriers.

channel obstructions that merely deflect the tributary channels
, .

courses accentua te bank eros ion and" thereby,

"mmonly 'trigger other landslides. ..
Many of the landslides and fal'len trees that locally obstruct the

ributary channels are cl ea rly antecedent to recent 1anduse changes.
, '

tree trunks in some debris accumulations serve as nurse logs 70r
\

that appear to be at least several decades old. Other trunks have

~n polished and sculptu~ed into bizarre free-flowing shapes by 10n9

Jeated contact with sediment-laden flood discharges. Additionally,

th of th~"streamside slide deb~is be~r~ mature conifers ~nd dense m2:S
" ~: ..: . . ....

and variou-s' herbaceous plants. The natural esthetic
:i

iracteristics of the tributaries to Red\':Dod Creek are closely tied
~ .
Zvarious channel obstructions and the lag of large angular blocks of
1!
'"

).luvium (fig. 21 and .22~ ).
1,
't., Many tributaries within and irrrncdiately dO\\'nstream from area~ th::
~;~

~e recently undergone extensive timber harvest have some major charac:~r-
.: -~ '-' "

~ics that differ drastically from those in comparable virgin watersheds.,. .
draining recently tree-harvested areas frequently are plugged ,,,ith

.0
.'

, '" .'
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Ground photograph- natural channel

Figure 21.

Figure ,22.

Ground photograph- natural channel

21
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{~ssive quantities of coarse organ.ic debris inc1udi~g sa\'/ed 'logs.
i"..;. .

l'ilough much of ~his debris is scattered at random along these channels,
t, •

{

~t appears to have accumulated on pre-existing channel obs.trt.:ctions .
..

iatively few logging-related de~ris' ba~~iers in the Redwood Creek
~i

i '
~in bar anadromous fish from natural spa\'lning areas along tri.butary

}eams; logging-related barriers' near ~ne ~;:Juths of Hinor Creek, Panther
, .

IPek, Tbm MacD6nald,Creek, the s6uth fork of 'lost Man Creek, and several
"t ..

.•
,jbuta~ies above Highway 299, however, had ~ad this effect.

~:~'. Extensive channel aggradation is commonly observed along tributaries
It .

If/and immediately dOl<lnstream from some of the more massive recent tir.:b::r
. .

The aggraded streambeds have filled pools and buried t~e

i of bedrock blocks. These aggraded streambeds usually are co~posed Jf

~er-grained bed material than that on the initial s~reambed. Rusting

verts and cables, as \o/el1 as sa\'/ed logs, are common in the
:;.
~ .
~uvium (fig. 23 &24:). Many unfilled pools show a v~neer of browniSh
:~

The decrease~ grain size increases the inherent i~3~=j~~~

the streambed and degra~es the ihtra-gravel environment for benthic

yertebr~tes and spawning fish. Bank.erosion and streamside sliding
,:'

pe~r rr.ore prevalen't in these aggraded reaches. Removal of riparian
....
..
jetation increases' the amount of insolation received on the stream

,t..fa'"tesand apparently results in .eleVZlt..ed,~.s.tream temperatures and locally

,h growth of filamentous algae.
~:
~:

The large-scale natural roughness elements along the tributary
' ..,
,~~e1s act as small ch~ck dams that attenuate rapidly. the impact .•

..
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Figure 23.-- Cutover

-:

channel.
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the sum~er months.

from the site of disturbance, those changes may persist

82

The outlet of the ~stuary shifts north and south
-----~-. -7"'.._-'-u~~

; ts mouth.

estuary at the mouth of Red'....ood Creek is relatively small and

a generally sinuous course," Under a'1 but the most extremely high
I

" ,

~a back water slough since channelization of the creek. The main

now continues approximately 400 feet beyond the end of

1968, the estuary covered approximqtely twice its present

i,'At that tirr.e,the main flow through the'southern channel, which has

;~ecently cut-over 1and a11 O\~s water temperatures to cool rel ative ly
",: ..

esses cross an, as yet, undefined critical threshold, they may trigger
!" •

~t tidal influence on river stage extends ~~~tream only about 1.6 miles

,:,ater quality influence somewhat less. Smaller tributary arms extend

at it~ downstream most end. Prior to the installation of

This persistence would allow the effects of separate upstream

, ~bances to become cumulative. Dense shade along tributaries downstream
1 .

the coarse organic debris and streambed material

((bduced from recently cut-over forest land. The rate of attenuation,

'~Qer, depends upon the degree to \'/hich channel aggradation accelerates

~m bank erosion and streamside landsliding. If these interrelated

,_~einforcing feedback mechanisms that ,~P~l(.~~)mpletelydevastate
~ ~

l1~tream aqua ti c and, ri pa ri an envi'ronments. More()ver, even when the"

the channel changes \~rought by logging operations diminish



circulation and littoral processes build up a river mouth

?,

~e river mouth bar periodically becomes err.ergent and dams the

":'during low flow periods of surrrner t when the flow is insufficient

deposition. The emergent bar forms a barrier to

!'omous 'fish seeking to enter the estuary during this time.,

he first autumn freshet usually breaks through the bart allowing
,

·'nids to enter the creek for spawning. Accorc!ing to Reimer.s (1973)t
10~~:_.:4~

"mouth estuaries are also important rearing areas for juvenile
1'~;~~.
nbefore their entry into ocean waters.

of the estuarir.e area by channelization may thus have
<.t
Jsignificant impact on'the Salrr.onid population of the creek.
l

'..
i -

.....
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CLiMATE

..
..

the southern half of the basin which has an interior

frequent fog (a Csbn climate). The marine influence is

~cted from within the basin. Moreover, the data that have been

usable body of climatic d~ta_fDt th~ Rpdwno~ ~rpp~ b3sin

,~ai1Y r<~cor~s of :preCiPitation and temperature'-~~:~"~~~~?been
~(. ·0

f-

;~'cted are representative of a limit~d number of orographic situaticr.::.

,,:aucity of preCise climatological' data is typical of most mountain

~heds, but it is, nonetheless, worthy of mention because it is a
)-., .
l~-

" ouree of ambig:.dty in assessing the recent geomorphic history of

{The full spectrum of climatic variability within the basin is not

\. quantitatively because few lcng-tenn climatological data have been
'f

~'terranean climate with.mild \'linters and hot dry sum'11ers. \'/ith infreq;..=~:

~,Csan climate). The mean annual precipitation \·/ithin· the RCCi'lOod

is somewhat greate~ than that asiociated with ffiOSt

~. .

:~ coastal Mediterranean climate with mild winters and short warm
'.,.~ .

•
~ ."

Y~L cLIHATIC CONDITIO:lS
"'!i ";
t The moist mild climate of the northern California Coast Ranges
';r

.. :ccts their middle latitude locatio'n on' a. steep mountainous coast

;'he lee side o'f the Pacific Ocean and in the path of numerou.s \·linter
ft" .

':fk:front cyclo.ne~. The climate. of Red\'lood Creek is typical of most

he surrounding region. The northern half of ~he Redwood Creek basin,

rding to the Koeppen classification of climates (Critchfield, 1966),
'(),



!lected continuously at Orick-Prairie Creek State Park since 1937. This

provides the only air-temper~ture record available for the entire

Various government agencies have co~lected partial precipitation

from time to time near Board Camp Mountain, near the old Highway
~ ..
~ crossing of Redwood Creek, and ~t ·Orick. The U. S. Geological Survey
."

tta11ed in the 1974 water year 16 precipitation gages in the environs
I :/".,.. :':'~.~~:" ~-,}t"'"

Park (l\'/atsubo and others, 1974). Private individuals
f

~e also ~ollected partial rainfall records at a variety of ranches,

a~ation homesites, and logging operations. The description that fo110\'/s

upon this intra-basin data but also upon ~xtrapolation
;,,:;

ldata collected from climatological station$ in nearby drainage basins,
", ':i

~atological .implications of stream-discharge records, and assessments
'.

,~robable orographic in~luence on precipitation and temperature by
If-

~tologists and hydrologists ~/ith several government agencie5, notably
t·;.:
/:.'

tNational Weather Service (formerly U. S. Weather Bureau; see USWB

Red\'/ood Creek bosi.h" is characterized by generally mild
l e.

~~. 1l.

; temperatures throughout the ~ear because seasonal temperature extremes
~} .

Z~oderated by the proximity of the Pacific Ocean. The seasonal pattern
'",I,
~ean monthly temperatures for Orick-Prairie Creek State Park is shown

{gure 25. The mor~ inland southerh part of the basin, nonetheless,

''otter surrvners and colder winters.·than 'e:e northern more m3ritime part.
\' . .

,erature gradient.s are steeper in SUlTlCTler than in winter. Mean maximum
~'):

.,~eratures in ,.luly range from ab0ut 69°F' to 95~F {20.5°C to 34.6°CL and
(.

:"minimum temp~ratures in January range from about 32°F to 37°F {O°C
....\.. _ . _. ---_ ...., -_....__ ...--~~

~7°C}. For all but the highes~ most inland

85
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25, Mean monthly precipitation and teQ~erature.,f~r

Orick-Prairie Creel~ Park and mean monthly runoff
'for Redwqod Creek at Orick for .water years
1954-1972. ~
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the bas~n, the frost-free period is usually from mid-April to

-. • o·

.'- -_--.l,.

..

--_.._. -~"--. ---:-q

. -
, -

1938 to 1973) is 69.81 inches (1773 mm.L computed on a \'/ater

The largest, amount of r~in to accumulate durin;

i~er year in this period was 93.18 inth~s (2367 mn.) in 1938 and

:Dl~tst amount was 50.33 inches (1278 Iml.) in 1939. During the period
''- ,
'..

~.

'fam gaging records for Redwood Creek, water years 1954 through 1973.

,~

:"at any given location (Rantz, 1969). CorrJTlonly:the mean annual prec:~;:::~-
,."

by as much as ten inches per 1000 feet (305 m ) of altitude,

(October through Septem~er). However, this annual amount is

'" variable with'a standard deviation of 11.62 inches (295 mm.) or
" .

~,.

~".' .
f~e mean annual precipitation at Prairie Creek State Park (36 years

~, ;

.The es'timated mean annual basin-...lide preC'ipitation for the Red\'lood
.~'-. I,

)k basin is 80 inches (2032 mll.) '(Rantz, 1964L but altitude, proxii.i~:./
.j :.
,"I~

.
. rences in annual rainfall totals reflect differences in amount of
,~
~ ..

·:contributed by individuai storms more than differences in the totai

.'lng the frosty period, most of the basin is characterized by frequent
~;t" •

~ freeze-thaw cycles rather than persistently frozen ground. Pipkrake.. ~,:

~dle ice) is observed more frequently in' cutover lar.d than in the
''''~;

~;

f:tcent uncut forest so that the frequency of freeze-thaw cycles ·may be

'feased py vegetation removal. .

.~, November'and lasts 200 to 250 days.



Camp Nountain receives about 1.5 times as much

...

88.

. ...
- .., .

..
- .

}cumulation) d~ring a 9-year period between 1964 and 1972. These

t-'

. ~rd deviation of 24 inches (610 mm.) or about 23 percent of the
}" .

precipitation at Prairie Creek State Park was 69.41 inches

standard deviation was 10.eO inches (274 nm.) or 16 percent

c mean, and the actual values r~nged from 89.96 inches (2285 n~.) in
~

)rC
6 to 53.88 inches (1369 rrm.) in 19.73•.. '.
"'"!'.- ,.,. .
; Even rather',subtle differences in physiography can result in signifi
~;

~-

~stern and w~stern drainage divides of Redwoodtreek near the sout~2rn
;(

ary of Red\·/ood National Park.received between November 1973 and
};

(~974 between 25 and 30 percent more rain than Prairie Creek Stater- .
kJwatsubo and others, 1975). The average annual accumulation in

·.·:·i~ge, precipitation gage maintained by the California Department of
F
~iResources near Board Camp :·:ountain \'las 103.37 inches (2626 mm.)

differences in precipitation. Three stations along the lower valley
l;~ .
t~l'. •
'rairie Creek (Orick-Prairie Creek State Park; Orick-Arcata Redwood,
.,~;, . . '

'>£Orick 3 NNE) are located \·/ithin 3.3 miles (5.3 km.) of one another c~

ftudes between 50 and 150 feet (15.2 and 45.7 m.) above se~ level and
r

itheir annual rainfall accumulations usually differ from one another
r:\·
p·to 20 percent.
\:\ .
;~;Avai1able data indicate that the higher parts of the Red\·/Ood Cre:~:
(:

h in general do get more rain than the area near Orick, but that oro-
,(

if-
lc influences cause extreme local variations in precipitation a~ou~:s.



Prairie Creek Stute Park. Orographica11y induced vagaries

I
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;r1e Creek Sta teO Pa rk.

c.
'recipitati on amounts are well i,ll us tra ted by records from the stream

ng site on Redwood,Creek near B1ue'Lake· (O'Kane). Partial precipita

;:,records collected since 1956 by the California Department of Hater

trces (Calif. Dept. Hater Res .. 1956-19.73; National Heather Service,
"',

1' ..

lick-Prairie Creek State Park during water years 1954 through 1973

'J'suggest that this site receive~ only about 92 percent as much rain as

pod Creek basin during rainfree-periods in summer by light drizzle

,ripping condensation associated with persistent coastal fog. The

O't of moisture del ivered to the forest floor by fog drip is hig~ly
i: ' .

~b1e from place to place. Between..•.July·4· and September 15,1970

,'tip produced about 0.12 inches (3 mm) of moisture at the 1200-foot .

:ta metre) level, only a trace of moisture at the 1000 foot (304.8 metre)
1;

(

~The seasonal dfstribution of precipitation within the Redwood Cieek

,'his characterized by a winter rainfall maximum and a pronounced
~

~ .
~r drought (fig. 25). About 77 p~rcent of the annual precipitation
,



~ and no moisture at all' at thci 800-foot (243.8 meter) level on the

'1'3'ed hill side south of l3erry Gl en (Freeman, 1971). In contrast, quite

,~'ntial amounts of moisture have been produced from Pacific coastal
..::t1

'~ip in areas north and south of Redl'lood Creek {Ruth, 1954; Parsons,
t

:.~. Even when the di rect contributi on of moi sture to the forcs t, fl oor.. . .

9 drip is small, fog does le,ssen surrmer soil-moisture stress by

total radiation and by causing the radiation that is recehed

surficial moisture on vegetatio~ ~urfaces before inducing

~~ransPiration (Black, 1967). Summer-moisture conditions on the
"i-.
<,' 0

"r ridges in the northern third of the basin and throughout most of
L

two-thirds of the basin are not directly influenced by the

occur infrequently and are associated more with the'

'"ge of cold fronts in late summer and autumn than \."ith mid-sur.~l1er
'(

,al. convection cells. Nany of the thunderstorms in the environs of.
~ .
.od Creek are associated \."ith little or no rain. The critical dry
;,
~,

.~ with respect to fire haz~rd and moisture stresses on vegetation
".. , .

start of major autumn storms; when warm

~,~e temperatures persist but coastal fog occurs less frequently th2~
".':

~_the summer months.

;~arly all of the precipitation in the Redwood Creek basin is

/ecause of the prevailing m,ild temperatures ([j9. 25~' ).~ Moreover,
~~'.l'

'II

storms in this basin, especially storms producing

..
90-.

G •

o



Snow storage and melt, thus, have only a minor impact upon

'.

"

---'..._. -_ .•.._._...1"":;';\
• ". '1[oii"

91'

o.

likewise, 9nce every 10 years rainfallsof rainre~pectively.

~f in Red~ood'Creek because typically less than 25 percent of the drainage

has a significant snow pack, and because the snow pack contains relati\rely

to the amount of rain associated with ,,'ann, flood-produc-

be expected to produce within ~~e Redwood.Creek basin at

J 2. 0 to 2.6 inches (51 to 66 IT'Jll. ) and 4. 5 .and. 6. 0 inches (11 4 to
"']:

·'0" floodS, arc associated \'/ith \-,arm air masses (Rc.1ntz, 1959; Hofmann

q;:(.The 1arge amounts of annual preci pita t i on recei ved by the Red\'lOod
'.·lk basin primarily reflect a large number of regional storms of light
c
odcrate intensity. During the interval encompassing the 1954 thro:..;;:\
(":

!water years, the annual aver~ge number of rainy days at Orick-Prcirie
b .

ek State Park \'Jas about 122; about 23 days e'ach year had more than an
"

:-Cof rain and only about 6 days each year had more than h/o inches

of rain (fig ..~6). The intensities of short duration (one-hour

rainfalls are low, but the ~ntensities of 6-hour and longer

., :falls are moderately high compared t.e the nation as a \'/hole (Hershfield,

Once ev~ry two years .rainfalls with durations of six hours and
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Creek basin, whereas the flood-producing rains of January

_.- . - .......
.;. -' .__ .. ,

•••p

..

..- ...-,;::::... ;.;:,-"

...
:94

.
•

The most intense rainfall occurs in areas

..

For example, the flood-producing rains of December 195:

appear to have been most intense in the interior part ..

...

.._~

~Wind speed exerts a major influence on evapotranspiration, and
-j~.

1"'

a strong impact on many biologic and erosional mechan;s~5

the Redwood Creek basin because redwood tre~s are read;~;

be average accounts for about 54 percent of the annual mortality of
>t .'
lng stock and saw timber on commercial forest land in Humboldt Count~
r :

A]d, 1968). The pits and mounds associated \'lith the root masses of ._-
{i ~ • .j

~. .

;:toppled- trees represent a discrete process of do\'ms1ope soi 1 creep
,"l:

'·'.,~~nd,G.0od1et, 1956). The exposed mineral soil in these scars serves

ood seed bed for new redwood and Douglas-fir (Stone and ~asey. 196~).

.;ged and toppled by high \'/inds(Stone and others, 1969). Wind damage
"

hours and 24 hours will produce 2.8 to 3.4 inches

ito 86 mm.) an~ 7.0 to 8.0 inche~ (170 to 203 mm.) of rain respectively

,';'er 'anc}--ethers t 19-7-3).
t

ar1y, the rainfall patterns of most major winter storms rather

$cly reproduce the gross featur~s of the mean annual pattern (Gilman,

Individua) storms, nonetheless, display their own individual

i

. ~~nd March 1972 appear to have been most intense in the coastal areas.
"

. "the largest mean annual precipitation..
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Particularlydpmaging winds accompanied
->

..

i·

'meters are i nfl uenced to such an .exh~i:.:,n.J.e degree by topography.

~The nearest quantitative wind data are collected on the coastal plain

where orographic influences are minimal. Average winds at Eureka

although strong winds occasionally accpmpany severe storms.

ery century (National Weather Service, 1974). The strongest, most
r·

~ ~ing winds ar~ from the southe~ly quarter and are associated with the

trees also occasionally influence fluvial erosion processes

or blocking existing drai'nage channels, and generating ephemeral

'} that erode rills or shallO\'I gullies. Despite the economic, ecologic,

·.,,'geomorphic significance of high \'linds, wind direction and speed have

,been mzasured \'lithin the Redvlood Creek basin in part bi:cause these
:::',.

"
-~s at Eureka during a three-and-a-ha1f-year study were calm about 22
~, .

roach of cyclonic storms.
L~,

. pr storms in 1955 t 1962. and 1964.

time, from the north or northwest about 29 percent of the

\,;.' and from the southeast or south about 19 percent of the time;

t,heast \'linds \'Iere most prevalent during November through I'iarch,

.' ~as north and northwest winds were most prevalent from April through
\;
lper. The.Eureka data led to the suggestion that areas that are neither

.otected nor unU$ua11y exposed can expect wi nds of 40 to 50 mil es per
I'" . . \

'. :

~'r, (64 to SO kilometres per hour) "about once every t\'IO yec.rs and winds

~80 to 90 miles per hour (129 to 145 kilometres per hour) about once
r.

ir' .
\ Wind patterns wjthin the Redwood Creek basin and other mountain areas

('

. ~more complex than those on the Eureka coastal plain. During periods
,f', •
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~li nc-

96 .

during the nigh~. During windier periods. the diel

,
and Crescent City IN. and a combined record from For:

diel h~ating and cooling of the air creates density differences

.. '

~omparison are Eureka. a combined record from Crescent City 7ENE •
.,:. .

Y .-

~ead to upslope and upvalley winds during the day. and downslope
:~J

edwood Creek basin are poorly documented, the gfeatest concentrati:~
'(

.~;;

~nd-toppled trees appe~~s to be in areas of unstable regolith in

;ean annual precipitation (fig. 28 ) for the total length of reco~':

I.

rick-Prairie Creek State Park and several nearby "'Je~ther stat~ons ',.'-:-

F-~ going back to the 1ate ninete.enth~entury. The records inc1ude.: . ~

pective. we have plotted graphs of cumulative annual departur~s frc-
~~

,

':~l1cy-upva"'ey circulation is l,ess prominent) but the \'1ind patterns
:;,

).i11 quite complex. Topographic irregularities locally concentrate

r]6w of air and create turbulerice. Turbulence intensities are gener~lly

:.'.
lee side of ridges and "on the middle portion of

::'the lee and wind\·/ard hills10pes :(Stone a'nd :others) 1969). Breaks i~

as occur at the edges of clearcut blocks can also accen:~~:E

;;lurbu1ence (Ston.~ and others) 1969). Although the wind patterns \.;~:~~:.
.'

l.:~' ".

~raphic situations exposed to relatively high wind velocities.
;:
;

. cd trees' are not abundant on exposed sites underlain by stable

.'r
'\In order to place recent rainfall patterns into a long-term histor~:~~
t'

:'NT FLUCTUATIOiiS IN RAINFALL At-:DUNT AND INTENSITY



The Eureka record 'is probti61y the most reliable standard
i:

_~parison as the other records involve ~athcr complicated station
" ,

Different stations collected data for different intervals

in order to generate cc~p~rab1~ ~eparturesJ means computed

eb/enty-ye:ar period 1954 through 1373 \'i2re used in this analysis.
fu .
-. ::, .'':-:':'{' .t.:~
iii ve depa rtures from the mean rathe'r thiiil' movi ng averages ",'ere used

tren,ds in precipitation because ".0 evidence exists to.

precipitation tota1~ in this a~ea are serially correlated,

ecause moving averages build in time dependence over and above that
~

~ present (Dawdy and Matalas, 1964). The slope of a graph of cu~ulati~~
:r·

:~res from the mean (fig. ~ J~? , and ~S ) conveys significant

An upward slop~ indicates greater than average precipitatic~)

.'

-----,.--,.,-.~~~:':1:l
'. ."Ir
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28. Historical record of annual rainfall and major floods for northwestern California. Graphs· of cumulative
ij~ual departures from the mean an~ual rainfall nre shown for Fort Gaston-Hoopa. Crescent City. Eureka,
and Orick-Prairie Creek Park. All means are computed for the common interval. 1954 through 1973.
Flood producing storms are shown in relation to the flood of December 1964. Solid bars indicate

- floods at least 40 percent as large as th~t of 1964, nnd open bars indicate floods at least 20 percent
as l.1rgc as that of 1964. Rivers arc indicated ;IS [ollows: S, Smi.th Ri.ver; K, Klamath River;
T, Trinity River; R, Redwood Creek; L, Little River; alld E, Eel River.
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7ENE

r2 :··Coefficient of determination

All values in inches
,~ 8.21 + 0.45 (EK); r 2 =0.65
,~~ 4.45 + 0.76 (HP); r2 =0.48

:>:-11. 70 = 1. 14 (CEC IN); r2 =0.70.,
~ 11.32 =1.08 (CEe 7ENE); r2 ~0.78

Orick-Prairie Creek, EK - Eureka, UP = Hooper
=Crescent CHy IN, CEC 7ENE =Crescent City

98

,~,physiographic differences probably account for the fact that
.i"precipitation amounts for individual yetlrs and storm periods
if,fcrent l'/eather stat.ions correlate in o.nlya general I·:ay.
rLrelations betlo/een mean annual preciprtatl0n at Orick-Prairie
'~c Park and mean annual precipitation at Eureka, at Cresc~nt
"at Hoopa for water years 1954 thrOugh 1973 are as follows:

;

~fa pattern of cumulative departures from the mean that closely

~ that displayed by records col1~cted in the surrounding area,

~~9h those records were collect~d in grossly different physio

/~ituat1ons.~1 Assuming that this similaritY,.in behavior has

of precipitation record collection in
£ .
$~ern California (1861 to present), figure ~s can be used to

~riods of generally greater than average precipitation and periods
CoW,
~~lly less than average precipitation in the Redwood Creek basin.
~'" .
;",ywet periods include 1865 through 1868.1900 through 1904. and

jugh 1958. and excepti~nally wet individual years include 1866. 187~,

, Generally dry periods include 1869 through 1875.

'pugh 1889 ,and 1917 through 1937. Periods characterized~by generally

slope indicates less than average precipitation.

points for any given year. however, arc of little

tcance on such gra~hs.
~ '
T'

~ entire Orick-Prairie Creek State Park precipitation record

,,-

·:fluctuations about the mean include 1876 through 1882. 1890

,1899. 1905 through 1916, and 1938 through 1950. The period 1959
J

1968 generally was characterized by average or less than average
~.



Cons idera t i ,":~S,

• '99

~; Except for unlJsually variable annual -rainfall amounts" rainfall

the last 25 years do not appear to have been significan~1y

.1ferent from those "that prevailed earlier in the record.

:~tershed conditions visible on 1936 and 1947. aerial photographs of

,Redl'lood Creek basin, as well as remarks by area residents concernins

\I~xcepti"ona1" scveri ty and frequency of storms s i nee 1950 mus t be

e occurrence of major flood-producing storms, nonetheless, is not

ire period of historic observaiion throughout most of northwestern
~ . .

~fornia, occurred during a year of average or even slightly less than

than one inch of rain during the 1954 through

1J period at Orick-Prairie Creek Sfate Park sho\'! patterns that close:J

total amount of annual pre~ipitation (fig. 26 ).

and thc period ·1969 .through 1971 was gcncra lly \'/ct •

. ~ 1972 watcrjear in northern and coastal parts of this area was also
,-...
"i·

1:"i. The 1973 water year, in contrast, was dry throughout northwcstern

Given the added perspective .provided by the fact that the

7~4 \-/ater year was one of the \'/ettest on record, the most char'acteristic

'~ture of the precipitation records in the period since 1968 appears

tbe the extreme v~riability of annual rainfalL
i~ .
{ Annual fluctuations in both the total number of rainy days and the
I;:. * •

, Stricted to the generally vIet periods. In fact, only the- regional ;:::-:5

'iOctober 1950, January 1953, and December 1955, and the r'1arch j9S7 T i':::

~he Little River basin occurred during 'these wet periods. The floo~

'(;,December 1964, the largest \'/ell-documented flood to occur during the
t· -.
~~.
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storm-free conditions thatprcvailc"d priQr to tllcse obscrvations .

~llY weighed" in light of the unusually long period of relativc1y
t'
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V[GETATIOrl

~ cutover forest land. Most of the lagging occurre~

of the basin, and prairies, woodland, and brush cover

Most of t~e undisturbed forest"and, woodland sites within

The productive soils, moderate tempcrutures, and seusona1ly

. '.:

basin have'dense understory vegetat'ion"a~ 'dell as trees. r~ineral

, .
The natural vegetation in the drainage basin has been extensively

by me n. As of April 1975 about 65 percen t of the dr-a ina;e

percent.

The individual plant species ~n the R~8:lood Creek b'asin tend to

.~:'J

I,t'

·~undant moisture of the Redwood Creek drairiage basin support a

~5turililY dense and conlplete mantle of fO.rest, woodlund, and prairie

25 years and the dominant s~lvicultural me~hods have

een clearcutting and seed~tree-leave logging: Virgin forests cover

tabilitv. The overall distribution of plants \'lithin the basin resemble:;3, .
,I·

hat found throughout caastal northern CJ1';;'j'i:.a:::l)iii and southwesterr.
! '
regan. In fact, the 'vegetation comunities, except the redwood-dominated

~~est in the do\'mstn'am end of tl:e basin, can be reasonabiy comilared

ith vegetation con::l~mities in the P·icea sitchcns;s, TSUCl,) hc~h!,l1J.

~terior Valley; Mixed-Ev~~grcen. and Mixed-Conifer Zones of Franklin and
't" .

(

~rness (l969). The spedcscomposition of the vegetation of most of

distinctive groups or comllunities that appear to reflect both

egional climatic gradients and local site conditions suc~ as altitude,

roximity to the ocean, slope aspect, topog.'aphic position, 'and slcpe
. '. . .



lle' Redwood Creek' basin is shOlom o~.,l :31,680 mops prepared by California

operative Soi~-Vegetation Survey (1959-1962). Moreo~er detailed
rl~'

,:24,000 timber-type mups \'/ere prep~red by Hammon i Jensen and, Wa 11 en

part ' of the basin with'in and adjacent to Red~."ood

tional Park. 'A generalized 1:760,,320 map of "Vegeta1 Cover Types"

included in the U.S. Department of Agriculture's (1970) report on

e water, land; and related resources of north ·coastal California .
.

Defore the forests on the lower flood plain of Redwood Creek near

iiCk were cleared for pC\sture, sitka spruce (Pice~ sitchensis) dominat:::

~. vegetation. The remaining spruce,appears to tolerate the salt

r'ay and high water table. On particularly windy sites near the estucr/)

ore pine (Pinus contorta) is also present. On more mesic sites and
. ~ .

. where the influence of wind-borne salt is reduced, redwood (Sequoi2,
't
--ervirens) and Douglas-fir (Pseudotsucia menzies;i) are the dominant fl:~:

:n
~in conifers and sitka spruce becomes an associate.
'i:'(
, Redwood with its common associate Douglas-fir domin'ates the upland
j,,', ,

etation of the basin from near the Pacific shore to approximately te~
,,(

1es (16 kilometers) iniand.
'1,.

~ ,Farther} inlan~, redwood-dominated vegetation is restricted ~o
1:; .

.atively moist flood pl~ins, low'stream terraces, and lower hillslo~es
l,

·at-ont,to the main channel and its principal tributaries in the dOh'nstre=.-:.,

Isolated redwood trees occur adjacent to the main

as far upstream as the mouth of Snow Camp Creek, but the upstr~a~-

• '102



groves of redwood~dominated ve~etation are on the flood plain . .
:~

'of Redwood Creek near Stover Ranch, and on north-facing hillslopes in

the lower Lacks Creek basin. Natural environmental controls.on the
Ii.

: vegetation mosaic within the redwood~dominated vegetation are 9iscussed

(in detail by Waring and Major (1964) a.F)!1.,Ht;c.king (1967).
C:.' ~ ',\(.' '-~".

, Although nearly.; pure sfands of red\'Iood are the essence of the
. .

.1.~layman's vision of the primordial redwood forest, such stands are

~extremelY limited in nature. Some Douglas~fir is almost al~/ays associated

\with the red\.;ood; hemlock (Tsuga heterophyl1a), grand fir (Abies ~di~~),

rand tanoak (Lithocarpus densiflora) are also cowman. Port Orrord cedar

ffChamaecyparis lawsoniana) and madrone' (Arbutus me~ziesii) occur local1;
~.~'(

'within the red\~ood-dominated vegetation. Slack cottom~'ood' (Populus
~

lrichocarpa), big leaf Iliaple (Acer macrophyllum), California bay

;(Umbellularia californica), hazel (Corylus cornutta), large red alders

{Alnus .rubra),and \':illows (Salix ~.) occur on riparian sites. Thicke:s

~Of young alders occur in a variet; of moist.. localities but are particularly
~ .

~characteri sti c of areas where mi ne:--a1 soil has been exposed by recent

~verbank stream deposition, mass movem~nt, timber harvest, and road

Thickets of tanoak and (or)' red alder ha\'e loc.ally retar;j~:d

bniferous regeneration in some cutover land within the basin. Red aldEr

~so appears to the dominant pioneer pl~nt,on recent flood berms of sand
. .{d gravel, although lupine (Lopinus, sPP.), Douglas-fir, and tanoak

,e additionally present on young berms in the downstream half of the

The alders and tanoak dre .probably seral stages in these

because some stream gravel ~eposits and landslide scars that

103
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These differences can be observed in t.o~h

.. ~

"

,0o •

impact upon the successional status of adjacent redwooo-

~tive cover cn the two sides of the creek differs significantly.

~ south side, stand density is greater, the pe~centage of redwood

• r~

south side t~ere are several places where 20 p~rcent or

These differences probably reflect slope-aspect control

rather than differences i~ ~oil parent materials as thes~

~nces in vegetation can be observed when the sa~e parent material
<,

f

,~controlled differences in redwood-dominated vegetation can be

"d in tributary basins draining a single rock type, In the tr;but~·,:::'),

<and east-facing' hiilslop~~ b::ar more an(~ larger rcd,,';oods tl;,)n ~cu: .. -,

isent on both s; des of the cree'k. Furthermore, campa rab 1~, s1~pe-

iori the order of 50 to 200 years 91d bear dense. apparently cven-

W •'. pure stands ,of young Douglas-fir.
0"

r-
JSlope-aspect control of the size ~nd abundance of individual

Ylood trees in the forests of the lower R'edl/lood Creek basin is rea$:lily.:
1;..",
"~t. on vertic~l aer~al photographs, and in the ,field (fig. 29' ). Hith

ii,to the red.lOod-dolllinated forest irr.1l2diatc~y adjacent to the main
:

nbl of Redwood Cre'e~, Stone and others (1969, p: 17) noted, liThe
~ .

;
~;" .

'i stands is higher, and the average ~ge of the trees is older. On

relatively fe"'1 windfall trees on the grcund, In
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Figure 29

•

1936 Aerial photograph shovJing hills10pe aspect control o.f the size and abundance
of individual redwood trees in the lower part the drainage basins of Fortyfour
C~eek, Miller Creek, and Bond Creek. North is tow~rd the top of the photograph.
(ocation is shown of figure 12.

j
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becomes more varied. Douglas-fir, hemluck"tanoak.

less abu~dant. As a corollary, the species CO~P051tlQ~

drier sites farther upslope and farther inland, redwood

- ."
..

"

106...
.

•
"

Redwood Creek basin, Douglas-fir remains a pro~inJnt part

\

of the basin. Some occurs along t~8 trail to the Tall Trees

"
vegetatiori'within the pJrk. ~or a variety of sil~icultural.

fi rs t trees to becomemorc'2"7:':mdant. Throughout mas t

\~edwood Creek basin. Douglas-fir is the dominant conifer. I

~ the still higher more continental southern and south'lt2stern

stabilize actively eroding cut banks and fill slopes. A few of

pines are in cutover land near Berry Gle,nn vlithin the park. P2r.:pas
I sporadically ,
'(Cortaderi a sell oana) occurs):; long some roads in cutover 1and on the

r
O:quent cutting cycles.

'At least'two exotic large plants are present in the downstream

t the Redwood Creek basin. Monterey~ine (Pinus radiata) has been

.•~ timber companies working east and southwest of Redwood 'National
, .

the proportion of Dougl as- fi rand son:et imes sitka

)e is much larger in these ,seed mixtures thJn in the origihal forest.
l'

~:.

'(fgrO\'lth Hould ,lessen the poten~ial for insect invasion and fil'e

minimize problems associated with restocking following

.Q:.and others (1969, p. 67" ) suggested that, frern the point o~
';"
(1'

',f protecting park resources. red'l·:oo'd should be the favored species
<', .:<,:.

'einitial restocking of cutover lands adjacent to the park. Redwood



vegetation, but the ass0ciated trecs are quite diffcr~nt

~se that are prc~alent in the morc maritime parts of ihc basin.
\

~;western hemlock, Port Orford cedar, and grand fir are not present .

.. the common i1ssocii1tes of Douglas-fir are \-,hite fir (Abies E£!!Solor),

cedar (libocedrus dccLlr~). and black oak (Quercus ke"09Q~i).
'0,
1',

~~olated Pacific yew (Ta~us brevifolia) occur in .riparian sites.

'~inquapin (Castanopsis chrysochylla), canyon l~ve oak (Quercus

'~ sis), vine maple (Acer circir.etum) and p~ison oak (Rhus diversilota)

allyabundunt especially on dry and (or) stony sites. Recent flood

gravel are being coloniied by incense ced~r, madrone,

vegetation, although not of any direct cOlful1erc;al

·oes playa role COlT.'iiensurate \'/ith that played by the can'opy tl'ee:;

~cpting rainfall and physically holding the mineral soil in plac~.
g . '.
[story and gr~und-covering vegetation is usually quite dense
~t

~d in'composition at most forested sites within the basin, except

,~rdi nary dark condi ti ons in some old-growth redl·;ood groves, and
;1.

}arts of the inland Douglas fir - white fir - incense cedar forest.

~the nor.commercial, nO!1arboreal ola'nt.s exer~ g:'eat influ~r.,:e on,. '

. "J characteristics of the fOres't.
f

darkest conditions associated \~ith so~e flood plain 3nd

groves of redl'/ood t the undel'story is 1imited to a'sparse.
(Oxalis OrCqllna) and s\'lOrd fern (Polystichum m~~tll!'1).
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FU1"thermare, Jreas bearing these vegetation conmunities are larsr:r

I"idge crests than on lower hills1opcs. - Even in these nonforested

covcr usua 11y effectively' pro t.c_c ts _the underlyi ng mi nel"J 1- ':'- ~~~

.>~~o~·e abundant on south- and west-fating td'llsl(lpes than on narth- a"1d

'::-:facing hillslopes. Likewise, these vegetation communities are more

acr ~ore open conditions associated.with stands of nlixed species. ,

~osition on ~id-~lope ar.d upper slopes sites, the understory and
~ .

, 'nd-covering veget3tion is more dense and varied. Cor.r.:on plants,.
·r
,~ddition to oxalis and sword fern, include rhododendron (Rhododer.drcn
-(

ero h llum), black huckleberry (Vaccini~ P2dtum ) , red huckleberry

ii~cinium parvifloiur:1), salal (Ga~ltheria 'shClllcn), azalea (R~~dod2ndron

.t~identa1e), hazel (Coryl us cornuta va r. cali forn; Cel), dog'dood (eornus

Oregon grJpe (Berberis, sp.), and several types of berries

'. tibus spp. and 'Ribes spp.). A variety of small ferns and flm'lering
-',\....
baceaus plants elsa occur cC~ionly at maist sites, especially in aS5c:13-
~ . ~

in with fallen trees and stream banks. Vine maple (Acer circinet118) I

lJ

nquapi n (ea stanors is chr,YscDhyll a), b1ueb1ossai:'! (Cea ....iothus :!-~lrs i f1~: r .... ~ :' ,

"zanita (Arctostcphylus spp.), and poison oak (Rhus spect~bil;sJ beco~c:
I

b abundant in the inland forest. In general the forest understory at
.{;

l,(

.~nd sites is not as lush as that at sites nearer the coast.
(.

Areas of natural prairie and' \','oodland ~:.c.getation are intir.:ately

bciatcd with forested areas throughout most of the basin. ~onforest

~tation occurs, ~OI'/eVert more ccmmonly (1 )on sedimentary rGcks t~~r.

I "
.m~tamorphic roc~s, and (2) in 1:1iand parts of the b~sir. than near t':0

;4',
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Brush has heavily invaded some cutover land that former1j

corrmon on nortrrfacing hillslopes ,dth;n these are3.S

road construction, or ov~r-9razing.

conmercial conifers.

Al though dense growth of a1del'S find Ceanothus ha ve reta rdcd can; :el''::' J~

The most common communities of nonforest vcget~tion are grass

from erosi?n except ,,,here that soil h~s been exposed by recent
, ,

~:

iiri es, grass-bracken fern (Pteri s agtlilina) pra i ri es, oak (both

grcus ,garryana and Q. J:ello99ii) - grass \'JOodland, oak-poison oak

~ss-herb flora ,has becn' largely replaced by intt~oduced annual ,grasses

"d \'leeds that are more tolerant of ~eavy graziilg (Hunz and Keck, 1968),

;far the most ceffinon elements of th~ brush flora are various species

,',

re Douglas-fir forest of the basin. Ceanothus is a major ccr.;por:~nt on

,generation in some cutover land within the Re·::!'.iOod CreeJ.; ba;.in, thi5

:ral invasion by noncommercial plants docs have some associated bcnen~s"

"sc_1?l ants becomeestab1; shed rap; dly and retard surface eros ion, ~:or~-

i~t nitrogen-fixing bacteria in root ~odules of these plants' put cons~::"I',~:~-=

:ragen in the soil' im a form that can be readily utilized in the grui:tn

" ,
:;'Ceanotnus and Arctostnphylos. Coyote brush (Bacchal'is pilu1<:ris) I

:j-

"
o~ss ,,:oodland, and oak-madrone - orush vlOodland. The native bunch'

,{:

:;j '.

~'rticularly dry sites in the southeastern pa'rt ~,of the invading brush... ,

.id"rose (Rosa, sp.) and birchleaf-mountain mahogany (Cerocarpus

Isolated individual Douglas-fir tree~

:e scattered throughout the expansive brush areas, and groves of
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Figure 30 Hi11s1ope aspect- control of 1936 vegetation patterns near
Creek. Douglus fir dominated forests are concentrated on
slnpe. Location is shown on figure 12.

the mouth of Minor
the north-facing hille;



cd to p1ant-microclimate,interartions anrlgrazing by elk,

•

.
Becking (1967) mentions

. '.

. .

111"

The ~econd trI11est'treeds'in a flood-plain•

in the same grove as the tallest.

~s ~n the worl d.
'.
te the mouth of Fortyfour Creek, \tt1i1e the third and sixth. . .

~ of 367.4 feet (112.0 meters), 364.3 feet (111.0 meters),

i et (107.4 meters) ranked them as the second, third, and sixth
:0:' ...

,~exceptionally tall redl'iOods were measured at the same time .
. ~':

ti fire-eontrol measures.
~. .
'.~. ~

jderable public interest focusses on some particularly tall
::i~: ' f'

;~'trees as \'Iell as upon the overall vegetation mosaic 'in the
"'-:-i-

:"\0'1'

,~~k basin {Zahl, 1964; Seeking, 1967}. Particularly note\'lOrthy

the upper flood plain of Redwood Creek opposite

l Tam McDonald Creek. This tre~ was 367.8 feet {112.1 meters}
'"
~and said to be the world's tallest living thing {Zahl, 1964}.
\h

.1

;rasslands \'/ere form~r1y more extensive (fig.i,1~,3~. This

(in turn r~ises the possibility th~t the present distribution of

~y partly be a function of Holocene climatic fluctuations and
!\

. '.; .
:domestic cattle. ,Nonetheless, mo~t of the prairies display

f oak-brush woodland and (or) young Douglas-fir suggesting

.~;~

":origins of the grass and grass-br:ac'kcn fern prairies arc obscure.'
'",I

" .
'~nt (Colman. 1973). natural and Indian-set fires (lewis. 1973)

variability in soil parent materials (?-inke, 1966) have

,11 played a role. Persistence of 'the grasslands can reasonably
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'Figure 31 1936 vegetation pattern in the drainage basin of Cayote Creek. Forest are
denser on nor.th facing hi11s1opes. Prairies are more abundant on- south and
west, facing hillslopes and on ridgetops. Most prairies are rim~ed with
brush and (or) thickets of young Douglas firs. Location is shown in figure 12 •
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redwoods a~ well as some cxccption~lly tall Douglas-fir,

.- ..

to remarkable

\13

.-
. ....

, .,

'.

flood plains along Redwood Creek have grown

,.

because gro~th, storm da~age to their crowns, and

of alluvium at their b~ses cause frequent changes in height.

. .
~nd hemlock·trees in flood-plain groves along lower Redwood

too much emphasis is placed upon the measured height's

it,

~ . .~

itc , an exceptior.ally large nuniber of:'"~":/~\,,,oo\l<;:;and associated
",\'. '.,
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In the past, these activities'

The timber, grazing land, fish, and stream

114

is the transporting of fallen lacs, usually hy dragging! to starn
hom which they may Sllucc.quently be transported by t~uCK.

RESOURCE UTILIZATION AND REL~TED JA~DSCAPE CI~NGES

of greatest economic value. Harvesting of this resource re-

d d h (11' d' 11a cce s s rca s, ant.e . a l.n g, y;j r l:l g-

The timber of the Redwood Creek basin is unquestionably its

....
uires construction of til;Jber
~ ..
~d physical removal of the forest trees.
~.

~~~ frequently been carried out in a manner that leads to accelerated

which in turn poses a direct threat to the soil resourc~s at

of timber harvest and an indirect threat to r.:any dm,'nstrcci[[,

~~6uries, including park resources.

The rugged topography of the Redwood Creek basin and its remote

relative to early lumber mills and centers of population

'Jeetively placed the basin's timber 'in_a reserve status until the

jots. Logging in the late nineteenth and early twentieth centuries
\

.~ .

'f~ly involved clearing of the forest from flood plains, low terraces,

_~:~reas adjacent to natural prairies in order to create more grazing

The most striking example of commercial timber harvest visible

~aerial photographs taken in 1936 is an act~ve or recently completed,.
'~e yarded clcarcut involving more than 3000 acres of the headwaters.

,Devi Is Creck and Panther Creek (fig. 32) and an even larger arCel in
... • .. -#

.·~djacent basins of Little River and Maple Creek. A small portion
".

;.

~.;~

. ENERAL

The forested landscape of the lower Redwood Cr~ek basin with its

~~&nificent trees, complex vegetation ~osaic, and free-flowing streams
~/ ...

·'··s been recognizc.d as a valuable nark rp.source and some downstream parts

ti~ the basin have b0en set aside in Prairie Creak State P~rk and Red-
i
'ood National rark for the purpose of public inspiration, enjoyment,

"'." .

~nd scientific' study.

travel of the basin, hO\-Jcvcr, are resources of more cfearly defin

ble economic value. Utilization of some uf these economic resources

; ;~s occasionally caused adverse impacts on dO\-Jnstr.cam park resources.
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t the th.lhcr H:lno\l(!d from this cut was yanlcd d<)\vllhill by. ~kid(1inl,,; the

'~Ss with tructOTS. Other pre-1936 timber h.1l'vcst units vithin thc

ia\o1ood Creck b,1sin includ~ a sevctLil hunJrcd .:lcre c1carcut in the hC:Jd

>tcrs of parncc Crcck north of Snow C.1mp L:)kc and sevcral h\lndr<'d ,1crcs

" selective logging above ·.the Re<hvood Valley Road south\v('st of the

of Hinor Creck. All told less th ..m three percent of the loLal

::tppcars to have been loggc.d pr ior to 1936.

Aerial photographs of the Redwood Creck basin, Rnd gro~nd photo

faphs of near~y arcasa!:scmbl(~d by" the California Division of Forestry

"'(972)]} indicate that thesc early timber harvest activities \vere
;:',

~sociated with large clearcut units, heavy ~oncentrations of slash,

~d intense localized ground disruption around' landings and prir..ary

Large tracts of mineral soil were e~posed

y~rding operations and subseq~ent slash burning. However.

at localized sites of concentrated disturbance. the surface

paLterll.'lnd the general configUl-ation of the land surface were.
much less drastically in these carly timber h~r~~st uni:s

~~ in the large scale tractor yarded clearcuts of the 1960's and

1970's (Earth Satelite Corp., 19)2; fig. 33, 34. and 35).

A comparison of the 1936 aerial photog~aphs with similar phologr~?~s

.~ained during the sununer of 1947 indicates that timber ha.rvest \,"as cor.-
~: .

nuing at a moderate rate. Several hundred acres of forest on the north-.,
J~'•.

~t side of the Devils Creek basin were apparently selectively logged

intervening period. Several other blocks of timber. all of

less than a few hundred acres in Size, ~pparently were harv0sted

~n this period in the h('ad\.ater~ of High Prairie Cr('ck. Lupton, '

~k. and Minor Creek. as well as on'the cast-facing slope between
'l_~ '...

egrass Ridge-Lord El.lis Summit and Rcchvood Creck. The dominant

,Alfred }tcrril of Louisiana-Pacific Corporation has shown the Pl'~Cllt

"-'authors comparable photographs of the lo....·cr Little River basin ncar
ranncl takcn immcdiLitely following' logging and again in the early

J1970's.
:t~. ~.,
:~.
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prclc(·d\lr~s ,1ppc';lr to L;lve h(~en se]ecUvc cuttinc I)r ;1 :;I·'.d

.~-tc-l·c.:lvc (lIIoui fied sheltenoHJoc1) s)'~tc~m coup](,d ,.,dth ·l!O\'.'Ilhill Y.lrlljjl[;

~jnB ~r~ck-Inying ~ract~rs. Well less thnn five percent of the total

Creek hnsin hCid been logced by 1947: The Unit ]:lq~c-r,cale,

in the vicinity of Re~wood Crrck, consisting

~crcs in the h~od~ale~s of the north fork of Maple

~est of the headwaters of "Bridge Creek, was discern

on the 19/,7 neria1 photographs .

. The cable y~rJcd c1earcut in the hcau',,"aters of Panther Creek and

~vilS Creek \-las, for the most part, well vegetated in 1947 and the

>~ams draining the cutover area did not ~is~lay excessive aggradation

-'"an extraordinary number of streamside l~i1dslicics. SC:7,e of the re-.

ncrating vegetDtion apparently consisted of thicke;,ts of h:il',]·,·!c,ods,

ther than coniferous trees. The main haul Toads, la:1dings, c<::.ble

and skid trails were still unvcgetated.

timber harvest began during the early 1950's in the up

am part of the Redwood Creek basin and during the l~te 1950's in
"

t~,dO\vnstrcam part. . As of 1973 cnly about t'vcnty percent of the basin still

old growth forest. In the upstream part of the ba~in, sizeable

blocks of old grO"i\'th tinber remain principall)' 'vi thin Six Ri.vers

Hare expansive areas of uncut old grm\'th forest exist

portion of the basin, especially within Redwood National

on the st:ep ....,cst-facing slope of the Red'v~od Creek valley i:nmedi

adjacent to the,park, and ~ithin the drainage basins of. Bridge

~, Devils Creck, and Lacks Creek.

the late 1950's and early 1960's, timber harvesting procedures

to\,'ard using larger cutting blocks, use of bulldo2cr-constructcd

(that is smooth "beds" into which trees are felled), :Jnu incrc~sed

On tractor yarding and clearcutting. The expansive tracts of

harvested land reflect the combin3tjon of large annual harvc9t

the sequential harvest of adjoining blocks of timber. Increased
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Large tractors proved to be versatile and eff~ctive

During that

track~laying tractors becar.)e the do:ninnnt 'form of yarding

..
for fClhlOOO p(()(lucts led t.o ,1n 1ncrL':i3C in the ~i.%.c of ~rl\t\l.:ll

,
i.e'

;, for selectively cutting old-grotvth rcd,-.'ood forests."

the timber cOl'lpanies bl;1il t 'up their inventories of large track

tractors and equipment capable of yarding massive redwood logs;

also acquired considerable experience and confidence

of this type of equipment. Thus, it is not surpris

the 1960's the timber companies reverted back to

and even-age silvicultural" man8g~rne..,t., they c:ontinuc'd Lo

~on tractor yarding rather than acquiring 'ne",' mocl~rn cable y"lrding

Additional reasons given by the comp~ni.es for preferring

yarding ~vercable yarding includ~ the following:

,Tractors (buildozers) are needed any,.a)' for construction

of layout~, landings, and roads.

Excessively large redwoods are too buTky-~-ind-h-cavy'''to-':""~'-;;?

handled by all but the largest a~d most expensive cable

systems.

Incrensod reliance on track-laying ;r~ctors in construcling lay

and in yarding logs to lc!l)dirq;s in jJ<1rt l-.~fJ..-:cts the (J.:.v('lcIP:;I~llt

'argcr more pO~verful tractors, but other factors are involved. In the
:-..,'

'y logging of redwoods, trees were felled either without layouts or into
t -
opts constructed from limbs and brush; this procedure did not protect

~~rees from the breaking and splitting to which they are susceptible
"
4psc of their large size and the brittleness of the wood. Bulldozer-

~~ructed layouts have been far more effective in preventing such break~6e,

now utilized throughout the redwood region.

, .
h.1l:V(:st units. I\~joining bloc:ks of tirnhc,r \.Ivrc h:lrvcfilt·d in

'ccssivc yC:3rs so ClS to minimize the COI;ts nt;snci:ll(·d \",ith construc

of roads t~rough uncut tillJber to rench ,"Ch';lI1CC-d Clltt ing blocks.-

.
. ment in the red\\'ood forests of northuestern California during the

'~~s when selective cuttini and natural res~cding were the most

systems used in harvesting and regener3ting
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extension of the population dynnmics

of the natural forest. Approximately even-aged stands of

redwood and Douglas-fir occur naturally and appear to result

from such nn t ura 1 c.a tz.s tr cpb::::::',~;,i:s {' l,:,,'::d s, land slides. and

fires.

Redwood and,pouglas-fir seedlings can be more successfully

established in bare mineral soil t.han in forest humus;

Douglas-fir seedlings do well in sunny locations, but

poorly in shady loc~ti~ns.

3) Trilet.or )'ardinr; is more vcr~;<ItiJ.e Lh;ln c.'1b)c ynnJing

in terms of terr.,;n .:lnd prc:pl!rty c:onfigllr:ll ion.

4) Hore stem brc:lk:l~e is :iSsoci,1.ted ,.. ith cable yarding

than '-lith tTClclor yarding.

5) The op.:!rntion of large yilrding tr.1ctors is cherlpcr,

faster, ..~nd silfe'r than the l)per<l~tion 'of high lead or

s ] aCk ) i, ne c <, b leyBedin g c: '1 \l 5. P'i!C! n t.

~'erience the rapid release of giO\vth that ,.;as anticipated follUidng

original stand.~ In fact, many of the residual trees

severe ,stem breakage or were toppled by ~ind storm~: Further

residual trees did not a1\';3)'s prove to be as reliable a seed

was anticipated. Additional reaSons given by timber industry

for utilizing clearcutting in the harvest of old growth red-

forests ip north',vestern Caliiornia ,,'as <lbando!1ed ,.·.,Ilen

:~stry and governoent foresters noted that the residual trees did no:
c'"

The forestry staffs of the til<1ber companies opernting in the

of R~dwood ~ational Park have discussed with the pr0scnt

an impressive number of silvicultural, practical. and economic

,~~sons for using c1earcutting in the harvest of the old growth red-

bd and Douglas-fir forests of the Redwood Creek basin. Host of
;)\

. l~se reasons have been presented in recent papers prepared by the

al1'fornia Division of Forestry (1972), and Arcata Rcchvood COTilp;'1l1y

;~3), ~BasicallYr selective logging of old growth redwood and red-



·-

Without utilizing cl('arC:lJt·~ocging or fire 'IS.Cl IMn:lge

rncnt tool, rorcs t succctS j on oyer thc next sc:ver.1l cen

turies could C:l\ISC hanhvoods and othcr coni ["rs to

!>eccm·lc the domin'::l1ll trees in SOInC pre.<.:cntly rN.l\,'ood-

dominated forests (Stone nnd Oth0TS, 1969).

}iany trees are ini1dv·crtently ki.] ]"d or da!:lClged during

seh·ctive logging. i-lor.:o\lcr, bl'('nk~8c of felled trees

is Dorc prevalent during ::;clective l,)gging th~11 Juring

clcarcutti.ng.

Clearcutting minimizes road constru~tion ~nd G3int~nancc.

Timbcr stands in Humboldt and Del Norte Counti.es are

taxed at full valuc until seventy percent of the stand

has been removed. If a stand of redwoods is thinned to

this degree, the remaining trees are highly susceptible

to \-lind thrOi~ and stem breakage.

Any deleterious irrrpac.t on the enviroliment is short-lived

and readily revc~sible~

Selective logging requires the land to be subjected to

rcpeated trauma rather than to a Single trauma as in the

case in clearcutting. Ground disturbances 2ssociated

with relogging operations often damage or kill r~generating

forest trees and accelerate·erosion.

The composition of the regenerated forest can be controlled by

planting and aerial seeding to provide the most economically

desirable mix of species.

Regenerating even-aged, second-growth [orests are better

. wildlife habitats than virgin forests because second-gn'\vth

forests are more open and provide' more browse.

Hanagcd even-aged, second -grO\-lth forcs t s arc less suscept i bI e

to fire, insGcts, and disease than uneven-aged, virgin forests.

Vigorous young ~rowth redwood forests ar~ growing today on

sites that were clcarcut and repeatedly burned in the latc

nin~teenth and carly·twcntieth centuries.
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of smaller trecs of marc llllifl)(lTI :.; il.C llwl com h~ !larvef>t-

cd with slil~ll(:r ('q\liplllcnt th<lll old cruwth fOl·csls. SF1.,llcr

cquipr.10llt C;,llSCS le!:s r,round disturb.'1ncc .'1 lid' less ,lcccl"catl"d

E'rosio.n.

the understory because of the greater longcv

individual rc~h~ood' trc:>es relative to that of the essociatcd

'The basis for the first, third, and seventh of these

j'0l1'ur3l C:'ltiJSlrLIr.-~';'~s, J jke ll)l)~e cited in

one" hi.~ve ir,c'::€'d re~\llt('d in ;>j1'i'lfoxL:<ltely i:V\:j~··nbl~d sl<inds

r(-J.,,:uod .::.nd rcL-.."o(ld-Douglas-fir forests. 1'hcse c'Jcn":Jz<:d st<l\iOS,

cceupy \ddely "ep.1rClted 5it.~S th:lt rire not JT!ore than

hundred 3cres in size. }fos t are only sc \;(:ra1 tens of 'lcrcS in

lHth regard to rep-son three, on-going ·research by Stephen Veirs

0.- ,

some valid silvicultural and economic justifications for'

:prescnt reliance'on large clcarcut blocks and the use of large

}ors for layout construction and yarding can'be presented, the

remains tha.t. the type .lnd amount .0-[ -SL·ound=.s\IJ:fa(:.~:",~"hsruption
.It'

with this combination of fort?st practices leaves the Innd-

susceptible to accclennoed erosion than any combination of

'\ices prev ious 1)' used to harvest redwood timber (Curry, 1913).

i.~cx:lIl1plcs or recent tractor yarded clearc\1t timbor harvest units
'to

the great longevity of the red\,'oooS a11O\,'s them to be replaced

on a one-far-one basis. Detailed logging impact studies

1970; Brewn End Krygier, 1971) that serve as the principal

tification for reason seven docurn2nted the inpacts associated with

units, and considerably less ground disruption than

'.7ith the recent conversion of old grot.7th red\.7ood to evcn

The types of environmental impact associated with

e scale, tractor-yarded clcarcut harvest of old grm.:'th red\vood, as

) as the magnitude and persistence of these impacts, remain to be

ablished, and provide the central theme for our on-going studies in
' ..
'Redwood Creek basin.. .

fitinue to dominate the forest vegetation even ~hen few s~cdlings
T;f

<

"'972) indicates that at most hillsl.opc sites the red\~ood trees are of

~~d ages, although the associated trees often represent an event-re

Vei~s further helieves that rcdwood ~an
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<.
upper slope locations because of steeper hillslope gradients,

soil water seepage, and thicker accumulations of colluvium associat~d

the lower p~rts of these hillslopes. Parts of skid trails and

t~iatcd layouts are frequently cut to depths in excess of three feet,

~cause some water that had preViously infiltrated the forest floor to

~ear as surface runoff. The tractor skid trdils tend to be laid out

an-shaped patterns that converge, downhill at landings and concentrate

After completion of timber harvest. low bcrIT.s of soil

amount of ground disturbance from logging operations is

interpret3tions of recent aerial photographs with the aid of

observations indicate that in a sample of six typical timber

units that were logged between 1968 and 1973 and that involve a total

of 5000 acres upslope from the Redwood Creek unit of Red\o,'ood National
~'

,~ about 81 percent of the total ground surface has been disrupted (the
-'.:'~-~ ....

~ for individual cutblocks is 80 to 85 percent), and about 41

is covered with roads, skjd trails, layouts, and

range for individual cutblocks is 35 to 50 percent). The

,,:Sfect is to obliterate completely the fine dc'tens of the natural

'~llge pattern and to create, an artificial microtopography of mounds.
h.-::

,tenches'that often displa)s relief in, excess of five feet.
i\1"A'
tr'-~

n"
~'

in fi,gUTCS 33,34, nlld 35. Glimpses of this mode of lOClJing

on other photolJrnphs inchld.~d in thi,s'report. Detniled

~ogr:1phic dOCtlmcntl1tion of ground-surface ~oj)ditiol1s in these units
;':'

b·o;.,
)tontained'in the photo essay prcpnl"cd by Earth Satelite Corp0l"lltion

Do\mhill tractor yarding requi.res, construct ion ,of roads and

at mid-slope and 10\-,er slope 10,cations \-1hich tend to be less

':;;;;~i;t;-d--'ditches.(tlwater bars") are placed across the skid trails in

~r to divert water on to the adjacent forest floor 'and thereby to impede

'O$ion by concentrated run~ff. Some skid trails, however, have been carv~d
"f "
~ deeply to allow for effective construction of water diversion structures.

:~ver, even when skid trail~ have' been carved to relatively shallow
~ll . .

~bs. water deflecting berms and associated ditches are of Len of in-

,'~i'cient height and number to be effective.



considerable effort is expended by timber companies to utilize as

of the wood fibre produced by .the: forest. as possible. Nonetheless,

·id:>nsi'dcrablc volume of smashed or rotten 10gsJ tree topsJ limbs, and

~oken brush remain on,the ground following logging. These logging

~sidues together with the surface litter and ncar surface roots pro-
,
"'de some protection for surface soil from sheet wash and rill erosion.

6wcver J residue concentrations are a serious fire hazard and occupy

ace that could be occupied by new for(>.,t;r.r;J:.t<.~ j thus, the residues
." .". !-.~-

ie usually burned. Surface erosion is often accelerated following
';1-

~rning of logging residues by destruction of organi.c debris that

as small check dams for fluvially transported sediment (Fredriksen,

by creating water repellent layers that increase surface run

(Rice and others, 1972).

The amount of time required for the cutover land to become re-
,
~etated is a function of the orientation (aspect) of the hil1s1ope,

g,.amount of original 'ground dis turbance, the procedures used in re

the forest, and the sequence of climatic events dur~ng the

period. For example, if exceptionally intense rainstorms

gullies and debris slides during the recovery period, revege

~:ion '''ill take lange>: than under more nearly "normal" conditions. In

1)eral, hm"ever J the ground surfac~ in cable yarded' areas and bet\,'een. ' .

~ trails in tractor yarded areas us~ally has a nearly complete cover

and new forest shrubs and trees within four to

{years of the burning of the logging residues. More deeply disturbed

'i(or) compacted are.as, such as landings, layouts, and tractor skid

fis often re~ain unvegetated and actively eroding for more than tcn
?~,

;5 following burning. Even after the crown cover of the regenerating

;st appears reasonably complete ~n a~riq] yl~Ptographs, field traverses

: persistent areas bf bare mineral soil and Some actively eroding

,low C'ullies.
" 0

amount of ground disruption associated with thc harvest of the

~d, growth, forest should be significantly less tha~ that 3l;soci"tcd

of the old growth forest because the trees would be cut

127



.iC
:.whcn th~y are of a smaller <lnd more uniform size that can be handled
·~~w1.th smaller yarding equipment. However, the extreme amount of
~r!mary mechanical and secondary ·erosional modification of the land
""urface resulting from tractor yarded clearcut harvest of old growth
:cdwood may at IIUIny sites hnmper the effective use of conventional
~irding equipment during harvest of the second growth forest. The

..irregular ground surface would accentuate the amount of earth that
(~ould have to be moved in order to provide yarding equipment with
effective access to proposed harvest sites away from maintained roads.
:1he irregularities would also increase the amount of soil disturbance
}sssociated with yarding operations. The amount of ground disruption,
'~>although significantly less than that associated with the old growth
harvest would probably still be substantial. during harvest of the
~~econd growth forest.

'"
::~': .

;f . The timber companies operating on the border of the Redwood
~reek unit of Redwood National Park in cooperation with the National
~ark Service initiated in 1973 some modifications of their timber
,harvest practices that '",ere designed to mitigate the im'pact of on
~oing logging on park resources .. These modifications focused on an
::800-foot-I'Jide s so-called buffer adjacent to the park boundary, 75
toot-wide.strips adjacent to design~ted streambanks, and areas with
(recently active mass movementl/. r~ore effort is nO\'1 taken to
;minimize ground and vegetation disturbance at the park boundal~y and
i1-· n the des i 9n2 ted streams i de areas. I·ii th in the buffer at the pa rk
';;oundal~Y, harvest units ·are restricted to an average size of about

o acres, separated .from one another by uncut blocks of timber.and ,
for the most part)yarded by cable systems that apply some lift to the
logs. The uncut blocks are not to be harvested for at least
:ears following slash burning in the adjacent cut block. An example
bf 1973-1974 timber harvest within the buffer at the southwestern end
jf Redwood National Park is shown in figure 36. Timber companies als6
. ave recently utilized cable yarding .

:r-----------..- ..._.. ._-===~:~~_._~~·~~~~t_
In the unsigned cooperative agrcelllents between 'the timber

. companies and th~ National Park Service. restrictions were
i :·also·placed on road construction and maintenance in that
:. part of the Redwood Creek basin that extends upstream to and
) includes the drainage basin of lacks Creek.



of large scale tractor- yarded clearcut timbet· harvest and
cable-yarded' clcarcut timbcr harvest on' the soutln'/cstern
Redwood National Park
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n timber harvest operations within 400 feet of desi9nated streambanks
~nd within critical areas so designated by the National Park Service
~ecause of a prior history of mass movement. Cable yarding results
~n an upslope-converging fan-like pattern of shallow cable ways
'skid trails) that tend to disperse surface runoff. When the terrain
as reasonably steep and not too irregular, cable yarding tends to alter
,<the ground-surface confi[;uration and the amount and pattern of surface
~unoff much less than tractor yarding. In 1973, away from th~ areas
~,spccifically mentioned in the unsigned cooperative agreerr.entsbetHeen
~hc National Park Service and the ~eighboring timber ~ompanies, the
(dominant r.-.ode of tin:ber harvest remained tractor yarded clearcutting
~f harvest units several times larger than those in the buffer. The
!egree of protection afforded park values by the recent modification
bf timber harvest procedures in parts of the lower Redwood Creek basin

,'< emains to' be evaluated .

..

.'
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their own right~. The recently relocated State Highway 299 is the only

rhe'mor.e than 1000 miles of roads \'lithin the Rcd\'iood Creek basin are

.,

, , .,. . ..'

, '

'.. I

:1,31. ."

..'
.'0

" .
The roads arc, thus, an important,resource in

"

, '

, .
a~sociated \'I,ith .~lajor erosion prob1cms "but they provide. acccss ·ner:ded

,'t'o protect and fully utilize the economic, recreational, and scientific
, , '

,.

}p'rovide a~cess to commercial stands of timber ·or. electrical
t.:.••
If.-:r,-- ... -.. "., . . .._ .. :. '. '.

,transmission lines, and only incidentully provide .access to grazing
';' .. '. . . ..,

}a\reas or potential recreation sites: . \::hen timbcl~ harvest in an area
"'." .

~Js ~ompleted, man~ access roads cease 'to be nlilintcdned, 'and erosion. .'

~'~d ·(or). encroachme~t of v.ege.ta~;on soo~ ma'ke' th~m imp~ssable. The

~~the't{c" and physical ;.. impacts .of the mo;e than 3000 miles ~f tractor
to, . .~ . • .' ..

~id trili 1s t,hroughout the bas in are similar to those' of other
~. . ..+,'.
:n'paved roads.. l

~~resources of the basin.
~ ". .
';"\'
:>

major'avenue of regional cOI:'.r.-.erce to cross the Redi'lOod Creek basin

t upstream fr.om the mouth of Prairie Creek. The only other paved 'roads
~~. .' . . . ."

~. in the basin are the Bald Hills Road i th~ Redw60d Valley Road, Chezem'

~' Road '(old State High\'/ay 29~) and a part of the Snm/ Camp Road, All

~ these rorids, except Chezem R6ad, were designed to provide access to

fanch~s ,and 'logging operations \,/'ith'in the basin. State HighvJay 2?? is

2a major~ transportation."link beh/een' the Sacramento Valley and the
, :;" . . . . . . .'. .

1.' .

r.coastal cities of no.rth\·/estcrn Californfa. The Redv/.ood Valley Rod

land Chez~~ Road pr6vide access to established residences and.

lrecreational. home sites. However, the' other paved and unpaved roc::s

kin ih~ Red~ood Cr~ek basin ar~ designed and mai~tained primarily to



" .: ..

...

.
" .,. .. ".

, .::'

.. "'~" .. '. :~ <: :'-" '"

. , . . '. .' ~
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Within theRedwoo~ Creek basin, road-

.
•

'z..

.,''.

sidecast spoil and fill.

the middle and lm'ler parts of'its h;lls:lopes,~bec~us6 of the relicr~ce

The Redwood' Cree~basin has a particula~ly ]argenumber 6f roads en
. ..": .. "

tonstruction, of some of the ro~ds in the Redwood Creek basin has ~::!:1i

acceleratea eros.ion by both mass movement and fluvial pr~cesse!:,

thereby caused long lasting adverse impacts upon other resources.

.-
gradients, t~icker accumulation$ of colluvium and more frequent a~:

voluminous seepage of soil water than the ridge or the upper thir~ o~

the hills,lopes.· Moreover, reads on th~lo\..;er·portion of these

. .. .
Roads accelerate mass movement by, removing 1at,eral support from H.e

toes of potential landslides, uy intens'ifying downslope-directed

.' ..
b/o thirds of thehillslopes in the Redwood Creek basin have stee~~'

cpmponents of gravity and seepage forces in existing or potential

slide areas, and by creating ne\', slid~":,pronemat.erials su~has

on dm'mhill tractor yardin"g. in most.logging operations in this basir:.

:.'~ .
~ . ~ ':'........

hillslopes'require more cuts a~dfills'~nd~c~6~s more streams and

liu~d'Sl ides than roads on' ~h~ ':u~p.~.rh~\""si'op~·'~.··.:·: Thus ~. roads on the
. ' ... " . . .. " .

lower two thirds of these hil1~'lop~sa,~·~~:;;;~~'h"nlOre 'likely to
, •. ': .:J.'; .: ._.: ,~.... ".;. .:..... t' ". ::

·accelerate erosion than comparable ~~~~~'on th~ u~per hillslop~.
'. .... ,.... '.', "

.sheet and gully erosion, by increi)~ing surface rl.;lnoff, and by

,diverting and concentrating surface runoff.

The location, size, and design ~f ,these' roads appear to strongly

influence the degree to which they accelerate erosion. The .1o~ler

related debris avalanches are a. connnon form of mass movement.· Roc.:s

,;: acce'era~e f1uvi~' erosion by eXi?osing materials readily eroded by
" .



vegetation, .. thus· affecting' nqu'atic biota and habft.ats· in ·t·h·e stre~ms :~·;o.

'A~~tner comilion examp'le of und~sirable 'roud-stream in.teractions is th:

:' .

"

~'.- .

" .

. ', .

" ; .....
. o. :'. ~ '. .0 ." , .' ~ t

".~ .0

. '

strcarilchanne1 s or withi n actj've or. ·"re·ce.n·~l~ stab; 1i zed 1ands1 i de~.

. .
eros;~nal failure of fill and culvert crossings of sma11streams~ ~~~y

·fai~~r~s. 'r~'suit"f~cm~hed6\'ms'tr'eamen'do~ the' c'~ivert ·dis~ha~gir.g

;~~turat~onand s)u~ping. ~h~'m~~si~~ ~mou~ts of'~e~imrint introduce~

~o"st~e'ams' by"di're'ct sidecastingand (or) 'byerosiorial failures of 'f~~)
. ".'. '. ", . .. ' ... ' ..... , ". .

n mpr~ ,ste~ply sloping strea~s ~~ygener~t~highly'er~siv~ de~ri~ .

: '.:. .'. \:,' .' ". .'". . . . . . ..' .f··.
,::,progressive failure of more massive slides.····

torrenti tha't sco~r d~\.l~stre~m:·reaches of"'the .a{fe~ted' st~~eams, and
~~ .. " :. ' '. .'. ..' .'... .. ,:.';., , ... ' .'>::~.:':,."::.:.:i.,<,.<.: :".' .,~ . '., .,' .'.
~~: possibly. ini.tiate dO\·mstream streamb'ank' lc'n~s'1i~~~, :... . .. '

'\1 _ • • • • . '. .' ..... •..' • '. • ,~' .'

~;""Jni t i~l s'i ope fili 1u~e~ a't ' si'~e'~~:~~:~I~~'~6~}~"C;l~~~:s':~~~t; 'I'e'· 1a~ds i i de~
'; :. ,... , • • ,.' :'... 0, '. " -,' :'. • ;' ~:: .. ~." '. .., • • • •

i usual;ly result from'removal of SUP'P()tt:"~~d ~'in'crc'a's~d' seepage. ·on.

';.cu~~~anks .~; 'bve~1o~'ded ., ~~~l~l~':fj 1:~' ...•~~ ~~:e~·~··;:'.:Al~i·ho·l;·9h':: ~~~il '; n'; t~ a1
.< '0 : ./ > .. " . .,;: . '. ';' ::_., , :.; : ":.:: <.: '.> : :.:, " .
ji failu'res are often', quite small;'. they can further adver~ely change th2
,:;:: ..' • .•.. I . . . . ~ :. . . ~ :. '. . . .

.\distr.;'bution of stress'es inthe affC'cte'd.lands·1'ides 'and,lead to

,':and culvert cl~oss;ngs may caLise'intensive.iocalilgg~adati,on. that is

~; ;rapidly .~·tt~~:uated dO\oJn'stre'am alo~g 9~·~tl·~··'~lcip·ing···~tre~~ms··.· ···In.
~, . ". .... ' .~...'. '. . . ~. ., . '.' :.. . ......:: .:' ...":' '. :...' . . .
~>contrast f the' intro'duct; on. of such mass; veamo'llntsof sed.iment into
~~ '. . ." ... ,,' ".:;

0 •• ' •

.~. '. The conmon pract1'ce of s;decasting road's'poi,l' direct'ly {nto stream
l '., .. ' .. . .... .

., 'chan'nels leads clirectly to atcelerated.·eros·;oll and'destroys riparian
~;. '. •••• ... • ••• ', • • • •••• " •• • • • 0 • •

..

) 'direct1y onto tinprotected f; 11 •. ~'or~over,these' culverts are often
'. . . . - .

~.,' ~~~g'ged:\'/ith'debriS which c~us'es,an llps.tream. impoundment· of ~·later.

'. f,~~l then may f~il' by over-toP{i'ir:~~a!!dsu'~~~quent~UllYing"and (or)

.' .

~. ' 'Erosio~ is mo~t '1 ike1~' t'o h'e' aC~~l·cr"i'c;/\';h·~.n" ~~ri~:' Pd~~s' are adjucE:~:



" .'

'culverts and obstrutted ditches become more common and cause ne~

, \

,valuable food resource and 'established sizeable fishing villages c:

.. ' ....

......'

•• ' ••••.•r

Present util izatioll rel~te's pri::-,~r:~_.'. .: . . .

..' .

. ", ',' .".

.... . '" ; .
' ..::.:..::.:..,... :.::.~.. :.., ...':.' ::., .. : '.' .'. ", '.' .. '", ',' '·:'13'4 ' ';" ;::', " '",. . '. . ~ ~. . ".. '. " .

. ,'~ •. ' ~ .. t': ". :';'~'.:', ... ',:

"

,OTHER'RESOURCES

. I • •

"the number 'of fish caught per ang'lcr day~,.,The estimated average

,annual spawning escapement of chinoo~ and coho salmon in Redwood CrEE~

, ,

~hE!,mouth of the creek and in Red\,/ood'Valley. 'Earl,y \'/hit~,settle!'s

.The 'Indian, population considered the fish o'f Red\·:ood Creek as a

, '

'infreq~ently or not at all; ~aint~nanceopcrations~re conc~ntratEd

on the most'frequently used roads. Under these circumstances plu~~e:

Careful planning, construttic~~ a~d. maintenance c~uld miiigate =~ch ~-

, ,

drainage ,adjustments which once again lead tOftccelerated erosion;

Much of the ~rosion damage associated with forest'roads takes p1a:e
.' '.

,fter ti~berharvcst whc~ road ma~ntenance{spftrin ncgl~cted.

, Following logging the majority of the roads ih cutover land are usej

. . . . .

,to' ip,ortfi sning; the Californi a ,Depar~r.1en't ot Fish 'and Game (E::;

"larse, 1971; Burrough and others'~ 1973)."

, also utilized the fish for focid.,

.
"the damage caused by erosion related to ti1i;ber access and haul :--:;:5

, '{B~l1ai'd, 1965;' Packer 1967; Hicks and Collins, 1970, Lantz, 1971;

.....

\,,' eS,timates that 150 salmon and 500 st"eeih~ad a're caught annually in Rt:".;:lc:: '

l 'Cr'eek. "Depar~lTient personnel ahd local ,residents sa,Y that this
~ , ' " '," "

'" ~epresents a drastic decl i ne in theannua1 t'~ta" of fi shcaught and

., .'. '" '.

j;:, ' "'Therefo~e, roads that are not needed forf.ire protection' or act1\'e

'~anagement of the regenerating forestshoul~ be ~et~rned to a nearly

natural condition.
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and 1ands 1idillg do not appear 'to hel.ve "been accel era ted bj'

Cree~, in Reol'lOod Valley, and on the ridge bet\'/eE,n High Prairie C~'e2::

and Lake Prairie were being actively utilized as ranqeland, and s~=l:

orchards were associated with most of the individual homesteads.

~

{"turf in most of the grazing areas appears to be in good condition, 2~':

natural prairies and to convert them to rangeland. Most of the

attempts at land conversion were o~ly partly successf0l and much ~,

r the converted land is no\'l covered \'lith bl~ush and (or) se'cond grO\,:;'!

Aerial photographs taken in 1936 show that the prairies

Redl'/ood Creek and the Bald Hins rOud, at the mouth of L~:~s

,]rass, and grass-bracken fern prairies w~s th~ resource of primary

interest to the \'Jhite settlers in the Redi·/ood CreQk basin. Some

.'; gUllyi ng
r: , '

grazing.

.'. '.
is about 7000 which ii only about 2.5 percent of the total salmon

for California coastal str~~ms north of ~umboldt Bay

;,> (U.S. Fish and vJildlife Service, 1960). Thus, the salmon 'of'

:.Redwood Creek probably make only a relatively minor contribution ~~
':"

<f1
the local ocean-going co~mercial salmon fleet. During th~ late l?~h

( and early 20th Centuries, the natural browse associated with the

~ These same areas as well as some smaller natural prairies are still

utilized 'f~r gra'zing byfS:llE:;!ll~Cln:f! cattle. Range mnnagement and r:.:c
....

\maintenance in 'the hillside prairies (espec{'ally in the;'r do\'msti~:':-'
+. : .'.'." .•.:".: ... : .' •

':.'. portions) is di ffi cult because 'ofna tura:l1y ~~cu.l·r;'ng 1a~ds1ides. "j!',~

( attempts were made to cut and burn the forest on the bo~ders 6f t~s
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During 1972, relatively large qu~ntities of sravelmig r,a tin9 f ish.

of Tom ~1cOonuld Creek~ their excavations may ,have impeded the crm·,th
.' ,..' ."

and smilller guantities were remo~e~ ~~ar't~e~ld U.S."Highway 2;;

excavated from the bed of Red~ood tre~k n~a~'the mouth of Prairie Creek,

Excavating gravel directly from the bed of a stream is

disrupt1ve of the local aquatic habitat and can increase downstre~~

turbidity; thus, this practice is closely regulated by the ~a1iforri~

"

active sources of sediment' long after the borrow,operation has ceasEd.

, '

not common in the Red~'JOod Creekbasin'beca~se of deep \'/e,atherir,g and

,intense fracturing of the bedrock. Greenstones within the Franciscan

assembledge of reeks are probably the most durable rocks available for

of these gravel operations illclude dikes to prevent downstrea~ incree~2S

in turbidity and the use of bypasses to allO\'/ for free passage of

Sources of durable road m~tal ,for paved and gravel surfaced roads are

Department of Fish and Game. Procedures used to mitigate ,the i~p~ct

of the fan, and minimized i,ts tendency to d'dlect'the main stream

~'~urrent against the Tall Trees Flat ..

road metal. Stream gravel, and massive parts of the Franciscan sand-
'/'

S,tones in, the eastern part of the basin~":"ho\'lever, are more l~e2dny

av~ilable. Small borrow pits and quarries ha~e from time to ti~e been

operated near State Highway 299 and near va~ious logging operatic~s in

the Redwood Creek basin. Most of these excavations were designed ~ith

. little thought to minimizing erosionj and many, therefore, re~ain 2S

and ncar the mouth of Panther CI~eek. '. PrJor:to theestabl ish:::er.t of
1 .
t . Redwood National Park, Georgia-Pacific ~orporation (now Louisiana-

. ...., ....
t • , . ' . ,
!' Pacifi~ ,Co~porat1on) excavated gravel from thesidestream alluvial fan
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, STREA;'lFLO\~
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The'dominantrunoff characteristic~ ot i~e hedwood Creek basin

a large but highly variable ~nnual aMount of runoff, a pronounced

"odify' stream channels' and ri p~Aan hill slopes; trans'port enormous
:;',. - '- .' ._... • • ,.: :'." '::.' ':. '. r O": ..' •

h!l?f~ .e~~rC!ll~S of, RC?w,ood Creek:' The 'degre,~: to whic'h ia~d-us'e changes
~ ".'':' :-

~ve.,affected runoff from individual storms rClna1ns uncertain. Even
, ,

: . ." .'

uantities of sediment) and damage works~of~nin~and eithetic values. Ree€~t
~,.\... , '.' .. . .' . ' . , :'., .; . ."

ljanges' in land use particularly l:lrgc,-scalc, trac tor-yarded, clear-eu::
C ' ,.',

~eati~g, a~d' a~low development Dia continuo~s subaerial river ~outh b~r

t~at prev~nts~igrationof anadromous fish. Flood flows drastically

\s~asonalconcentrationof ,runoff, and a high runoff-precipitation ratio
:1'1-;" '

~fi~. ~5}. These characteristics result primarily from (l) the large
• j,~ ,

~STREAMFLOW CH~RACTERISTICS

jhin reg61ith overlying impervious rock, and (4) the rapid delivery of
'!,';

~unoff to the main channel by numero~s'short steep tributaries.
'~J, ... '

~"",, ',Pro1onged 1m·/ flm....s and high flood flm"s are part of the n3tur::l

;lovl regime of RedHood Creek; nonetheless, both extremes are sources of
'~'

~rnvi~onmenta,l'concern. LOIoJ flo'l'5 of~ui:1rr:er greatl~'restr,ict the livir.;

,~e~ BV~ilable ~o aquatic'o~gani~~s,make the streams prone to excessive
;.' . .

,,::'but variableamountof annual precipitation, (2) the fact t'hat most of
~:'() '., '." . . . . .... '. . . '. '. .

"the precipitation is concentrated ,in a short ,period when soll I'i.oisture

;i~:hig~ and ~v~pot~anspirati~n losses arc minimal~ (3) the relatively
-.:"'< . , . . ,.:



land-use-related changes in !unoff, ~re only modest, those chil~::;~s

the

.'....

'.' ;

"": ; ',: ".~. . ,.~. .

.....•·., .... :) ~~;'.. ....·::/'3~:.;.:.....
'.' . 0' •

:'..

. ~:

"

..
or 52~85 inches which accounts forab6ut 66 percent of

{ " :'The average annual streamflow of Red\'/~od'Creek at O~ick for the

i~;~~t;-Y~ar p~ri'~d"e~compaSSing \j~f~~ ye~:rs "~~'5~,J:hr~"U9h 1'~73

1. " '" ' ' " '
\'1er,e not initiated until the 1974 \-/ater year.

~Si~ma~ed mean annual ba~in~wide' precipitat~~n,(Ranti~ 1954). The ann~!l

:period.i,t di sch~rge measurem~nts at r~'onrecot'd; n9, s i tes'\'/ithi n the bas i r;

~qual~tati~e o~~ervations ~f long-time residents cdnc~rning historic f1c:~

,~,~arks:,,'~ePths ,and 'perS'i~tenc~ or' sn~~'!'fal'l, a';id"~uri!~e;'-"l'm" fio~·1. Syst::-:.:ic
".0 • 0 " " •

~.

t'l~~~lit~es. on' tributaries dcwnstream from the mouth of Coyote. Cl~ee~. ~~

~ . '.' .. ' .

f ineasur.ements made rtt three other sites along R12d\'Jood Cree::Kahd at 20

collected and the period of record for the three reccrd~~;

stream gages on Red'tlood Creek are 'presented in Table 1. Because s:re:.:-~iC\v

1.records frOm \oJithin the Redwood Creek basin are of relatively shcrt ':''':~~:~'~:-"

;~i'Stodc31,trend's in runoff charactC"risticsof this basin have to:~ ;:',:':[;.3':

teci'in part from' extrapolations of streamflow )'ecords from nearby tasi:-;;: :.~d. "

, , ,

~ ~quare miles or 479 square kilor::etresL and 'at' Orick (drainage area

F'278 sq'uare miles or 720 square kilo,'netres) and by periodic, dischars~



Types of Datll

Period, frequencY,llnd type of dntl1'col1~ct1on at reco:odlng otrcllm gaging stAtions
along Rcd".07ood Creek, Humboldt County, Cnl1fornil1 •. The frequcncy of collc'c'tton is
indicated by the following symbols: C for continuous records, D for samples
co1lec:~d at least once n day with more frequent samples collected during ~torm

periods, P for periodic samples ,collected t!lroughout n wide ranec of hydroiocic
cOIH.1ition5, llnd F for collection Imly durin;; tin:cs of potcnt1..!11 flooding.
Pcrlod3 of collection ore lLated by wntci yenrs.

. : .. '

Red,'/ood Creek,at 'southern',' ':: " ::.
park bO\lIlC!n'l."yncnr Orick ,.;: 183
(111,82200) .

.
I

\

=====r .....

p

19'~-

P
1971-

P
1974-

nthcr cherelca1 lind
biological iJldlce9

of water qunlity

p

1974-

,r
197/.-

P
1974-

Total
Stldiment

LO.1d

, ..

D

1971-

P
1971-

D
. 1973-

SU:Jpel:l.led
Scdlncnt

I.o:!d

P
1%~-.1964

C
1965-

p

1971-1973
C

1971~-

\Jater
,Temper II ture

C
1912-1913
1954-

C
1971-

C
1954-l95B
1973-

F
1959-1972

\Jatcr
Di9charge

, 278

67.5

Drainage
.' Area
(s<t. mi.)

..

Redwood Creek at Orick
(11482500)

Table I

........

Station name and number

Rcdwood Creek nenr
III ue r." l<e
(11481500)

': -

..

.
.~ ...

.. ,,



2. Annual Runoff ,It R.~co!'dinn ~:tr'~a!:l G\li~'~S Alone Redwood C~~,,:,:

During P~I':t.)js of Concul'r('nt Rcc;ords. Values are given' 1"
acre feet ~nJ , in parentheses, inches. .

. '.

....

19'1,000 (5S.2)

, 114,000 . <3l. 5)

307,100 (SS.2)

1"82,800. (S··;.7)

285,600 (7-;.2)

Rcd~olQod C~i::-=t:

at Oric::

.: 0

.' .. -.. ~
. "

.'

" ....
'". '..~" . : .

.....

: .

. " .
.. ':' ':~. ':

• O' ......~ .0 ~. ::. ~':." .' '. •

.' : .:' .'!' .~ .~•• '. "~l '. .... ...... ~
'. ," '." ", .

• ' .. 0, : ' ••:

, ". • '<t ' •• 0 ."

: :,138

, ._ .".:.,',: .'e:
.•.. . .

..J.'t,:.-' ••• :.; ... ,:"

387,600 (39.3)

658,200 (66.7)

704,500 (71.4)

.. '.

...,' .
• ." •• '~.' ..._0 ~ •

.. ',"'" '..... :

Recto/cod Creek'
at Sout~~

Park Bocncary

. "...
-:0', .. '.

... ~ :~ ..':.~.: ..: ,..:'.' :~

·0 '. '" .

• I, .:" • '. • • '., ~ ••:~.: .• ' •.~ .' :~.: ~.: . ..:.:... :'. \ .

.... ':,..

. .
."::' :...... ' ",,-; ': '.~ . ,~'.. ' ::" ~.. ::.. :.....:;

." :', . ;.: ...:"::..
; .~.....'..~ .~: '.: '. :.~

. ~:

Redwood CrE:ek
near Blue Lar:e

902,200 (60.8)

'552,300 ( 37 •2)

1,174,000 (79.2)

767,200 (51. 7)

982,200 (66.2)

1,021,000 (58.9)

1,064,000 (71.8)

559,000 (37.7)
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pattern of mean monthly precipitation (fig. 25). The seasonal

low discharges of less than 23 cubic feet p~r second have occu~red

The seasonal pattern of mean monthly runoff closely follows the

0.:......

~V.~. rellltbely little impact. upon stre3m.discharge. As the storm season
':~f.'

,Q~resses, soil mQisture· and ground \':aier reservoirs become recharsed

,:ethelcss, C\ fe~" flood .discharges, including that of December 1964, have

n augmented by rupid snowmelt induced by warm' rafn. late winter and

-' .
'a ar:i incn;3sed proportion o-f precipitation· appears as dh"ect runoff. l·\ost
~ .
" .. \

:prms throughout the winter are associated 'with ""arm a)r masses so that

'rly all. the ~~ecipitation is rain. ~sually little water is,stored as

noff-precipitationrelationsnips shown by these lTiean monthly values an:!

,~ and ~.he.Jr.:ount of sno'..,rr.:elt is iilSufficient ·to cause any major freshet.
4"

~.,

Gring every year of record (iab1e 3) ..
". .

tnoff, however, is hi~ ~ariabl~ (fig. 26, T~ble'2) with a standard
wi,

~... .
~viation of· 2~~,900 acr~ feet or 13.82 inches which is about 26 percen~

The recorded annual runoff at Orick WdS ranged from 482,000

~re fe~t (79.12 inches) in the 1968 ~ater year to 1,174,000 acre feet
~;

f . . . .
~9.18 inches) in the 1956 water year (Table 2);

The: daily discharges during any gi~en year at R2dwo6d Creek at
i;·,

r ."
~ick can be expected to fluctuate through a range of five .thousand fold

~out a median discharge of 325 cubic feet per second (fig. 37). Mean

flood dischffrges in excess of 7000 cubic· feet per second, and ~ean

. mi1ar to that shown by typical stori7lS during the course of the \',ater j2Cf,

.'~ indivi~ual storms may diffe~ d!a5ti~ally from this pattern. Most of

and early ~utumn rains th~t end the prolonged sumner drG1Jsht
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During these periods of
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'142
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The chance in any given year of the minimu~ daily disch~rse

t~ibutaries with drainage'~reas of less than one square mile

restrictiVe, extremely high and low streamflow for Redwood Cre~k

are presented in tables 3, 4, and 5, and figure 3. Daily dis-

snowmelt may also result in minor diel fluctuations in dischJfg!

The magnitude, persistence, and frequency of occurrence of envi;-on-

i nt~rmittent. Log-Pea ,'son type II I frequency ana lyses C,:,:: tu

esources Council, 1967)l! suggest that in any given yeer there is an even, '

arson type III frequency analyses suggest that in any given yedr there

~ an even chan~~ that for un instantaneous peak discharge to exceed

Jlhis 'reference deals primarily with the frequ~ncy analysis of
.nua.l-series flood discharges, but these ,techniques can be used for
;',equency analyses of any hydrologic v.oriable \'inose population may be
}umed to follow a log-Pearson type III distribution.
\\ '

J ~edwcod Creek at Orick not exceeding 10 cubic feet per second is abo0t

i. In contrast, daily discharges for. Bed'ilOod Creek at Orick exceed 2000
"

':b'ic feet per second about 14;9 percent 'of the time (Table 3). Log-
":.' . . ."- .

'hance that for periods of one day, 14 days, and 30 d~ys, duily flm','s a'~

be less than 18, 21, and 25 cubic feet per second, respectively

~bout 19.4 percent of the time (Table 3).

;harges crt the Ori·ck gaging station are less than 49 cubic feet per s.:c.c:nd

.~~. .

*~~arges commonly occurring after the~nd of a mid-summer rain-free period,

of major autumn storms.' .

(and'help sustain flow at the end of the storm season. Stream discharges
>' •
I;' "

i{graduallY decline during the course of the summer \'lith the 1m-lest dis-



Prc;:;,.:oil ity that the mean daily
discharges. for any pel~i od of The recurrence One-day 14-day 30-day "

: thespeci fi ed 1ength of time i nterva1 (i n "10w f10\l1 10\'1 flow low fl 0\'1
will not equal.or exceed the years )of 10\'/ (CFS) " (CFS) (CFS)

. ' indicated discharge during flO\'15 of th is
any given 'tlater year." magnitude

0.010 100 10 11 12

0.050 20 12 13 15
~

15 17'. . 0.100 . 10 13

. 0.200 5 15 16 19. ... . " .

0.500 . 2 "18 2·1 25

0.800 1.25 23 27 33

, .
0.900 1.11 27 . 31 .. ·38

0.960 1.04 31. 36 44

0.980 1.0"2 34 39 49

0.990 1.01 37 43 54

0.995 1.01 41 46 59
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20 ~

25,

5,200

6,500

7,400

8,8CO'

12,600

12,'100

24; 100

3'~500

'37,8CO

44,700

52,500

Three-pay
hi gh fl 0\'1

reFS)

6.900

8,700

10,000

11 ,900

17,300

26,500

33,900

44,600

53,800

64,100

75,600

One-day
high flow'

(CFS)

71 ,500

79,600

63,600

8,500

11 ,800

14,000

17,200

25,400

37,200

.45 ,300.

55,700

Instantaneous
Peak Discharge'

(CFS)

1. 01

l.05

1.11

1. 25

2.00 .

. 5.00

10.00

25.00

50.00

100.00

'200.00

The. recurrence interval
(in years) of hi~h flows'

of this magnitude

0.990

0.950

0.900

0.800

'0.500

0.200

O~ 100

O. 040 .

0.020

0.01 0

0.005

..

.IJ

,.•.,,,.,..<::.• ,,,,,"',,,,:;t,,;,.,,.••.,"'q /. .

'.' 'Probability that 'the in.stantaneous
peak discharge or the mean daily
dischal'q~' for any period of V12

.~Q0cifTcd length of~i\l1e ~lil1 equal
.oi· exceed the indicated d-ischarge .

during' any given \oJater yea!, .
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cubic feet per second (Tab~e 5, fig. 38) and. for pericds of one

these Redwood Creek floods were associated with high antecedent ~o~sture

l .

"he smallest being 45,300 cubic feet per second on January 22, 1972.
~ . ., . .
he Hinter of the 1972 l'/ater year was exceptionally stormy and another
~l

\jor flood with a peak discharge of 49,700 cubic feet per second occurred
'...
~h Mar~h 3, 1972. Two floods with discharges of 50,000 cubic feet p~r

~cond occurred on January 18, 1953 and December 22,1955. All five.. ~ .

. .
~d 8,600 cUbi~ feet pe~ second, respectively (Table 5).
1:: ..

,.

'~~y, .three d~>,s, and seven days" da ily fl m'/s \'/i 11 exceed 17,300, 12, GOO,

..
Jlati~ely moderate hourly intensity (Paulsen, 1953; Rantz, 1959;

rfmann and Rantz, 1963; ~~aananen and others, 1971). Some perspective
. I '

.' , .

h the relative magnituce of the peak r'trter dischal"ge associated ",lith

'h'ese' f100dscan be gained by comparing them \'/ith peak discharges Oi "C','iQ

'~hly ~ublicized recent ,floods .

.. Although these five flood peak discharges on Redwood treek were

individual flood events differed greatly in duratio~,

damage (Table 5).' Thel~0;>';''flood throughout,most of north-

During the last 20 years, five flood peaks in excess of 45,000
it

pbic feet per second (162 cubic feet per second per square mile) have

'ccurred at Orick, \·tith the largest.!)2';.1:"~J 50,500 cubic feet per second
r .
182 cubic feet per second per square mile) on December 22, 1964 and

·~mditions, \'/arm storms of. regional extent, and prolonged rainfall of
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f~~t per second (Rantz, 1959)~' has a better than even chance
, .

in any given year. ,The rainstorm associated with the 1950

. ....

.. .. '.

at the time of

. .
, .....

........ .. '...........; '.'

..' : . .' ....

. '.• • • • ~ , 0". • • 4-.. '. : ...
,J •. , " ....... , •. :

' ......
.: ...

'. . :" ., .... ,. : ... :: .,': .

::....14,i.· ' " .. :'.'
::.>.: ::.::::-~.::,:.:.: <>~.::.:.

. ....

'.

. -.
'. downstream'end of thebas'i" \·/ere vlrtually:u'nloggedf ". . .... ;'... .

,'..fl~od(;1aY also have n:oderated the 1950 flood peak.

~~ Jow andbe~au~e th~ intense'raini~ier~app~~entlylimited to the

.~st·aJ part of tiie basin. The'fact:'thal 'the forested hi11s10pes in

".'; '.
I :" •. :.... •••••• ,

,Orid vias eXCl2pt i.ona11Y . i ntense (Pa ul,scn, ..i 9..?3 L but· ?td not' generate
r· o .' • • .' • ,.' ".', " ".' '.. '. '. • ".

,ceptionalrunoff in"RedvlOod Creek because antecedent moisture cor.dit;o~s'" .. . '..

':The Octob~r 19~O storm is include~ in Table 6 in order to e~~h3siie

~~e Of' the, ,factors that control f160d magn~tudes .ihthis basin, even

:::'ough':jg-,Pearson type III' [iood frequency analysis. (Table 5) 5ussests
'\ I • . ..... • . • '. ..' . • ..•...... .. ~ •

':~t a.f: Dod peak of the ma0nitu~eof the 1950 fl ood ,es ti mated to be
~. .

~ . . .

:Were·· si g'nif i ca nt ly grea ter tha n t1105£ '>\:~"~'<{z.t,ed \'1i th the ea r1i er fl OOCS •
'~.'~'

~esiden~s and ~i~ber operators within the basin suggest that the increased

,'roperty damage in 1964 reflects both increa~,ed capital investment by

;timber COir.panies 'and small L::nd o'tmers, and increased s.edim~ntation at
~t '

1,_

~ites inundated by: previous flood. Hare streamside slides \~ere tr~~s~r'2::
r.
:'y this'f1ood than by the previous floods (Colman, 1973); possible reasor.S
1: ..
·~or·.the increased, sliding are discussed later in this report., .

~~e.stern Cali~o·rnia. appears to have been the g~eatest'flood since 1852

~U~fman~ and Rantz,. 1963). In Red\'lood Creek, the pe'ak discharge of the

~~~4 f;~6d was only slightly larger than beak discharges associated with

,~he 1953 and 19'55 floods, but tot~l flood volu~es and: damages in 1954
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1,300
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dama!
Red~';(

.oilsir

.1,06t

21.24 inch
in 8 days

19.02 inch
.i nl 0 days

6.49 inch'
in 4 days

12.44 inch
. in 8 days

14.39 inch
'. in 11 days

.14.28 inch'
. . in 12 days

. .
.Total storm
. r.ainfall a·t.·

Orick-Prairie Cr~

2.36

'5~ 19

.4.00

. 11. 50

,224,473

. '. 231 ,997

Totol .flow· .
during 10 days'·· r~ax~ .calendar day'
. ' following rainfall at Orick

initial rise Prairie C~eek

: (acre-feet) . (i~chesl

9

15

6 - 8

approx. 5'

:....

49,700

..

,.". ""

..... Flood Peak
. ··(CFS) ;.

, ,. 'C""...<•. '~7'.· '. .r':'· ." ·'&:h/€r&H~:.i·r1'1 ti'al' ."C',.";:""

. .; ris~ arid r~tu~~. .
to' discharge less .

. tlltm3000 CFS or.
. recession is .
: .'i nterrup ted by

another stann
(days)..

..... '.

December 22, 1964 :::50 500' .T5
..

377,091 3.00'. .. --.. . , . '. '.
. .

.'
'. ·i·

:: . .. .'
:

..:inuary 22, 1972 45~300 . ' '. 11 214,612 • 5.07

~.}nUilry 18, ·1953 . : 50,000·

Odober 29 or 30, '950 23,DOol!.

'-Secc:nber 22, 1955'

" I

..1., T.:tiniltp.d ft'om flood marks, ilnd the ~tllqe-disch.)r90. rcltltion developed after to goge \<las est.1blishcd in 1953 (r-:.
'. I I .': .':i '!"'1I')11 '10 forlllal <.IiJII'.-,,)(' ~;urv(~'y Wil~ (;IlIIIpi 1/·d rUt" the i~ll/ 11 (/od:., ddllltlqe \'/iI5 :;lIhstillltfd1. O,"h:k \'Jdi "rot.l·cl,t·,1

" I' 1 / '''',1\'11,-1'1'1\ 1f'vil"~, hilI. 111,' ll"/ir 'l; 111l'1I1",.lvr· ': ';lI'.I.,il,..,,1 '.""'" ,1."".,"" "",.,,, ... " .... I.'~~ ..... ,

'.~'-...;.....----_._~-...,-------...;......-... -..----'--_......._"'----_.:-_~...;........-.:_------~---------...,.
. ," :.:: .:.

50 000' ,: . "'.., ". '.: '.

' .. !':,Jrch 3, 1972
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(1953). Rantz (1959), Hofmann and Rantz (1963) and Waananen

(1971). Regional precipitation patterns and runoff records

(Table 7). and a'dja':en~ basins suggest that unit rur.of7

storm to storm with the details of any given

control. Isohyeta1 maps for the storms

s'in9 the 1950,'1953, 1955 and 1964 floods are included in the reports

~tcrf10od discharges in
;.1 .... ' .. '.' . .

1~:55 or 1954•.··

. .'.

?cluding those \·dthi~ Reci'iQoc Nat~'onal 'Park)liiay have expe'rienced

- . . .

~t'unit runoff.for the Decc~ber ]955 flood 0as ~early uniform thro~shc~~

~ b~sin~ and that unit runoff for the floods of December 1964 and March 1972

,) greatc.st' in the' hi'gh inland parts oftne basin .. An. important cc~·ol~.~;j'
j . ' • . '. ':'" •

:thes·e. 'obse~va:t ions ;'s that' s'o'me' d6\1ns't'~~?~liltribut~ d ~s of Red",'ood Cre'2~,

~iatiri~sin rainfall intensity as well as differences in drainage

Regional patterns of rainfall intensity' display

. ,

:. The major floods in this' area, even though they are of regional

t'ent~ \'Jerecharacterized by highly variable unit· runoff which reflects
~, '

b~sin during the floods ·of October-'950, Janu3ry 19~~,

~'jariuar.i 1972 ~/asgl"eatest in the dC~'lnstream ,part of the basin. Ir.;:eec!

. ~~t~~ highest .recent flood peaks in the neighborin~ ;Little River basin

.r~the f1 cods of Jtlnua ry 1953 andJanuc ry 1972 .. 5i iilil ar data sU9g2s t
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Little River
near Trinidud
(44.4 sq.mi.)

Red'tloocl Creek
at Orick
(278 sq .mi. )

. 180 2(

180 191

87 209

.' 90 191

136 179

182 186,

142 J87

88 185

'110 199

163 219

179 214

... '

102~./

," 203~j

Red'tJood Creek
, near "81 ue Lake

(67.6 sq.mi.)

Unit Rlmoff for t:otab12 Recent Flood Peaks 'in the Drainage
Basin~ of Redwood Creek Dnd Little River, Hu~boldtCounty"

California. Discharges ,are in cubic feet per second per
square mile.

3, 1972

pischa~ge was estimated from fiood marks ~nd stag~-discharge
'tions in effect when operation of stJtion was di$continu~d.

~. .
floOd marks for the flood were at a stage of 15.7 feet, whereas

',pp marks for tile flood of 1955 \'/ei'e at a stage of only 9.63 feet.
"ischarge value \'/as assigned to' the 19~3 flood peak (Hofmann and
"tz, 1963).
"

'·fFlood ma~ks fo~ this flood Vlere at u'stage of 15.3 feet, \'/hereas
~d marks for the flood of 1955 were at a stage of 13.7 feet. No
~harge value was assigned to the 1953 flood peak.
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<If any channel aggr~dation occurred' in the in~erval bitween the
:di scant; nua ti on of the record and the 1964 f1 oDd peak as seems to
~ b~ the case, the' estimated di scharge \'/ou1.d be hi gh.
~; .

~!I'At the time of these floods this station \>/as being operated only
~as a flood-warning station. Peak discharges were estimated from
J~eak stages and a re-established stage-discharge .station.
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in the upper basin than in areas downstream from the gaging st2ti:-

than those at Orick (Table 7). In four of these years the u~it

'The hi gher sus ta i ned low flows obser:-ved at the gage on Redv,ood (1'2:::;:

somewhat surprising given

Availtible data) although meager) suggest that runoff characteris~!::

be characterized by slightly larger average annual unit runoff. This

for the entire Red~ood Creek waters~ed arc generally sinilar to those

dffference, however. is not great and varies considerably from year to

at Orick (fig. 39) Tables 3) 8) and 9)). except that the upper basin j"='Y
I

documented.not only by flo\'! durat'ion analysis. but also by the fact

that annual instantaneous unit peak' dischJrges at the Blue Lake staticn

',-

mear Blue Lake relative fo those observed at downstream gages (fig. 3~)
':, .

Lake. Secondary influences are related to more int~nse st.or::i

i,precipitation J thinner r~golith, less cllann~l s'to~~ge arid) apparently, a

:large' Hn10unt of trac.:tor-ya·rded ciea~~cut'logging in' the upper basin.
~1' .

lresults primarily from the smaller drainage area and steeper channel
t

~peak discharge at Blue Lake was more than 25 percent larger than that a:

Only the more notable of these fleods are summ3rized in Table 7.

{High unit flood runoff determined for the gage near Blue Lake prob~bly

d. yea~ (Table 8). The larger average total annual unit runoffprobablj

reflects larger annual precipjtation in the headwaters than in coastal

areas .. Unit runoff differences' arc discernible at both high' and 10','1'

discharges (fig. 39). Higher unit discharges. during storm periods are
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39. Comp9rison of floh' dtl1~ationcurves for daily di.sc;~~:'..· ',.-E
at lled'.vood Creek ncar Blue Lakci and Redwood CrC'C'l~ :it

'Orick, The six yC:Ht' 3vern8e runoff \..7.15 55 ,l~(~ incll\'s
at Rcd\vood Creek :it Orick and 56,79 i.nches at g(.'l;h·OI.-::

Creek IH \IC! l.:!l:.~, . '.. . .
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and higher sustained low flow than tributaries underlain

F1~ctuations in annual runoff for Redwood Creek at Orick ~uring

lream-gaging records the proportion of recently cutove~ land in the basin

· ..· .· ... .
. . . .. .'
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.~ . .

,1er years 1954 through 1973 are generally similar to fluctuatiohs in... ., .
\, "

~cipitation for Orick-Prairie Creek State Park, but some intriguing

less met2morphosed rocks of texture zones one and two.

hly,a limited number of discharge measurements have been made on tribut.:.r.::
$..... .

t. . '
,reams (I\'/atsubo and others. 1975) so that, these differen~.es in hydl'olGS~c

,~~time' must, be if)ferred prima'rily from qual ita'tive observa·ti~ns.

itENT RUNOFF TRENDS

.
f;he thin regolith, steep hillslope,s and channels, and \'/arm, fog-free
p
(.' . .

~mmers'that'a~e preval~nt in the upper basin. Perhaps the lower density

~f.forest vegetation in the upper basin reduces evapotranspiration-ind~c2d

oisture losses to the extent that physical and climatic ,factors are

Any difference in vegetation-induced evapotranspiration

~ould be accentuated by the fact that during the period of concurrent
:I

~ Tributa~ies draining predominantly schist terrane~ other factors
i '

';ng equal, app~ar to show slower responses to ~torm precipitation, l~~er,

ibove the gaging station near Blue Lake was far' greater than in the basin

Anoth~r explanation for the appar~ntly greater low flow at

that th~ muc~ narrower and thinner alluvial fill at

'hat site provides less opportunity for intragrayel 'f1m'/ than at Oric~c
f .
~~~ .
~e difference in valley-bottom configuration p:obably account for ~ost

1 observed difference in low flow .
.~. .



average total annual runoff has cecc~e great=~

the graph de~ling only with periods of susta;r~:
" - ......

;r' "7)\ I 1:J. ~ •

in this pattern ar~ disc~rnible (fig. 26). Three per:::5

Orick-Prairie Creek State Park, wher~as the second period .

coincide \·lith periods of ':J~3t.:."r: ~'~~'3n average annual, precipi:.=.-

ten years. Curves of cumulative departures from the ~ean

also suggest that in about 1962Redw~6d Creek at' Orick st!~te:

toward higher annual runoff a~d highe~ r~noff-precipitation

major departUl'es from tht·s trc:ndQccurre'd only in 1956, 1952, c:-~

The tren~ toward larger runoff~pre~i~itation ratios at a ti~5 o~.. . .' ~. .... '. .

Runoff-precipitation relationships ~ay not have been constant c~er

annual streamflow at Orick.

e entire 20 years of stream records at Crick. 'Flm·/.:.duration curv~s

... .

to year so that annual r~noff-precipita'tion' ratios normallY nr/

l
,~ctly with total. annual precip,itation. '. These apparent changes c"~

parently de~reasing annual precipitation is particularlyintriguir;
; . . .' .
i' , .
pause ,in a humid clirr.ate evapotranspirc~jo~16sses vary little fr:~

hd.that both exceptionally higiliflows and exceptionally low flows c::~,·~:~

. re frequently during water years 1964 through 19j3 than du~ing t~e
I '

:he intenslty, of streamflo\'1 strongly influences erosion processes, ~:
\~.,

"
~important to seek explanations for the apparently increased p€rCE~t~;~

J

':~f \oJater years cha racte'l'"i z~d by gl'ea ter ttt'an aver~age annUJ1 runoff .:: ~

at Orick, are apparent in' graphs of'cumulati~e depart_~~5

the mean (fig. 26); these period~ are water years 1956 through :~~~,

I.' •
j963 through 1965, and 1971 through 1972. The first and third of t~e5e

i· .
,oincides with a period of average or slightly less than average pr~:i~::=-
~ .
10n at Orick-Prairie Creek State Park. Because the amount, as wel~ as



precipitation pattcfns appear to b~~a~t of the variability

·Thes~ ap~arent changes in ~unoff relationsh{ps cannot be satis-

719.51 inches~ On the other h~ndt during water years 1954

: ~

.: •. :: •...: .•... ".!

'.. '.

climate. ~nnual preifpitati6n records at Cres~E~t

Boat"d Camp ~·lcunta.in· (fig;' 28) do indeedsugsest

",

. .

Sta te P\1 rY:· i.1aj. be a "ra tilc'r"poo r'f~d~:~. 'cf' ~o!". i m·1i ~e' prcc i pi t~ t ~ :::: ..
. . ..'"... ... '. ,""

factorily explained solely in ter-ms of ch,ang~s in precipitation i!:7:0ur::s
. '..

or·intensity at Crick-Prairie Creel< State Park. For example t during

. .
through 1973 about two percent more water, 7~928t60~' acr~ feet, flowed. ~

. "

t/ater years 1954 through 1953)about 7t 7q6 t 100 acre feet of \'Ia.ter f1ol-/ed

Orick gage and the total rainfall at Orick-Prairie Creek State

~:in regional
1. •

~~~ere~t .i~ the presentr .. . '...

,~itY.t :H~o·pa " Eurei~aand

• 0. ..: •••••

~PhySiograPhy of the R~d\"Ood·C(eek ·.b~Sin and'it~ e'~vi~ons, large varillt~c~s
,",'.. ' . .. . .

,~hat 'so'me o( the variati'o~ in ~nnujl prec.ipitation-·runoff relationships

li 'Orick may" reflect vari~t;0ns in:·rc·gional·anr;~al ra'infoll' p~tter~s. That, ,
\' "

~ to say that un~er so~e ci~cumstan~~~ pre~~pit~ti6n a~ Orick-Prairi~

0.01 in~h, 5 fewer days with precipitation of more than one

17 fe\'Jer days\'Jlth precipitation of more than 2 inches occurr~d.

:\:bet\'Je~n.\'Iater years 1954 and 1973 th;~n d::Jring the i)rcceding 10 years.
",. . .

Nor.e satisfactory explanations of th£:' apparent changes in runoff relati::;i

,;;.ships"at Crick may be related to ~'h3ngesin regiori'll precipitc:ticn p,;t~2r";-:S

;~.past the Orick gage even though the total r,ainfall at 'Orick-Prairie
'. .. . .

(state Park was ·66~.65 inches or about 93 percerit of the rainf~ll duri~g
~~ .

~~he' p'r~cedin~ ten'years. This increased runoff apparently cannot be
~ .

<"
I,' •

;',.sat~sfactorily explained by increased rainfall intensities at Prairie

At that station, 24 fewer day~with precipitaticn of



time sequence of stoY'ms in' relation to each other ar,: ::;
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,.
~ . : .
~infall~runoff relations have ~hanged ~nd that the increased runc:f

'n not be explained by seasonal. effects oranteceden~ rr:oisture. Sec.::. ... .Ee

:,'~considerab1e ,public concern about the, possible' impact of ti~be'r
. ..' .
~ . .' ..... ~'... ' .

':,.;rves t on the s treamf1 ow regi me of Red\·!ood Creek. we sUI1'Jr.arize in ::'e
'!,' ' . '., ,.:

~d rainfall d~ta collected at Orick-Prairie Creek State Park (D. ~. C~~~!:

I;' \~. Lee, an.d G. \4. Kapple, written comnunication, 1975) suggests :;I~:
. '..

~llow~rig paragraphs our'preliminar~ fin~i~gs and interpretations .- li;~t
~~ . . . .".

~. published studies on logging";'i{,cluced streil\;\flo..... modifications •

i,

.~e possible imp6rtance of time sequences of storms and cha~ses in ~~~~

Qse on'increasing streamflow in Redwood Creek are not completed.
~{

'~'preliminary rainfall-runoff mode1'of streamflO\'( data collected

However, the positive departures from meanprecipitatic~ at

1" of these \'Ieather stations are much smaller than the coeval' pos~:h=

~epartures from mean runoff at Orick.

Additional factors that could account for part of the recent

jpparent increase in the percentage of ann~al rainfall that appears !s

Redwood Creek at O~ick include changes in land use ar:

in rainfall pat~crns {fig. 23 se~m partly to e~;~;

;~;noma10usly 1ow' runoff in 1957 and anOi;:alolls1y high runoff in 1962,

t'

:seasons of· the year. Both types of cha~ges can influencestre=~f1:~

"y modifying evapotranspirati,on 105'5es, 'interception, and antecece:.:
i

~Di1 moisture conditions. Logging and r"oad constl"Llction can furtr.::

reducing infiltration and by intercepting s~:~~;f:~=

:.~low a.long rOuds and skid trails. Our interpretation of data rela:=::i :~



1969 and Hsieh, 1970 quoted in Brm'ln and Kryger, 1971; Hal"l';s,
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studies at experimental watersheds with climate and

not gt"e:lt1y di fferent from those of Red'lJOod CreEk (Anderson

19 c;9", Roth;'l·...-'r.;:>r, ",go"'!:;, 19 7/0," R',c",c ',-,', l"Ql:""""" H,"bo' .:I1"t 1967"- ~... -"' - .-, ...", ,

Although data presented in this repo~t are insufficient'to prove

'TJ I,:BER HARVC:ST AND STRE:~HFlO~~

.'
;~eg~tati on
'}j
>'and Hobba,

NQst analyses of the impact of logging on stream runoff in the
f

~iter~ture cited above suggast (~) th~t loggi~gincreases total annual

-r
,'intens i ve ti D'IDer harvest, have increased annual runoff j runoff from

,Sruno~f, (2) tha,t the increases in runoff are rwst pronoun.ced during c::rly

;Iuturr,n storms and the binlogicallycl'itical s\,;r.;:i·le~ dought,(3) that
,~

~mpacts upon major f100d flows arel~ss than upon low and moderate
,')
f ..

; tream discharges, and

~,small and moderate storms appears to have been increased !rare than t~';G t
'\
~i'from major storms. The preliminary Red',·!ood Cr2ek findings are cOiiipc,tibl~

v;.cipitation and runoff in sorre tributaries in the 10\':er basin (Iwatsubo
",

;~nd others, 1975) suggest that re~ent changes in land use, especially

{

':runoff characteristics. r'1oreover, in"itial ..-nNsurements of storm pre-

,
;'quantitati vcly any 1and-use i ndLiced changes in the runoff 'cha racted s tics
'I'
faf the Redwood Creek basin, we have noted the coincidence thJt intensive

[timber harvest and associated road constr~ction in the Redwood Creek

'(:basin \"ere initiated at or irm:-ediatc1y prior to the apparent change ill
,'. .

"".



These differences may reflect larger cutting units, greater

Fores t

....L.ne

...

. ..
,158

.." .

'.

and rwre pronounced sumner drought in the Red;'lcCiO

Douglas-fir-dominated logging in most experi~erltal water~-

'.

tirr.ber often require bulldozer-construction of layouts.

that any increase in flow per~ists for relative1y few years. These

are su~marized in schematic flew duration

, '

ctices in the redwood region are discussed in rr.ore detail in

ction:n resou~ce utilization.

eds in the Pacific Northwest resul ts fl~om the greater use of tractcr

in the re'd'.'lOod region. Also the large size and brittle natute cf

~ves shown i~ figure 40.
~!

:. Increases in runoff fo1101'/ing logging havc- usually been explair.ed

cited references primarily in terms of (1) decreased

terception of. ra info 11 and di rect evapora ti on from ca'nopy vegeta tion ~
~-. .
;;"

'~s6i1 compaction leading to 'decreased infiltration rates and soil
.,~~ .
is.ture 'storage, and (3) decreased dep1~tion of soil moisture by evcpo:.

loudennilk (1966) has' expanded slightly 'upon infiltration-
. . .' ..

,~~

~ ,

<eek basin than in the experirr.ental basins. In'creased ground disturb::.!";c;:.
~;

~ociatid with recent logging of old growth redwood compared with that
$'

;~' ,If:the recent increase in the frequency of hath extremely low flc',is

f(d extren:e1y high flows on Redl'/ood Creek at' Orick (fig. 37) 'partly
~ .
~" .
rf1~cts logging of old ~rowth Redwood and Douglas-fir forests, a com-

'~ison of figures 37 and 40 suggests that the logging~induced chanses

6the run,off. regiITle of Red~...ood Creek are some\·,hat di fferent than those
~:'.

"
'~erved ~t experi~ental basins in,northwestern California and southwestern
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of storm runoff generation: Subsurface se~page fro:n cu~L~:;:-,::s

" ,

..
.'

, "

.....

... .';.... :. -:.~ ....:~ .' .

. '. '- .. :

.:. " ., .. ';,: .'.
. • '. 1-.·· . ..: .......• ': ..•.~. .......'.

. .. .;. . .... ~ ........-.' .. ' . . ,. .'. ". .. .... :-'. . .. .... ... ..'
': .. ' ':.-.. :~:~~~ ... : ~ . ".

, '~l60

< '

"

"

, ,

Cabl e ·yarding sfsterns resu1 t in fan-shaped patterns

'runoff can be understood, best in terms of a partial area

Black, ~970a, 197Gb) o~ variable 'source (Hewlett and Hib~~r~,

Creek basin. However, th,f', ·;......~'';:Je a.1.i>degree of mechanical dfsrt;;-

the soil within tractor-yarded cutover land brings still other

','

'od' others, ' 19(9) .
1· '.

J'cently denuded land \·Jill infiltrate any given soil. profile much ~ore. . . . . .

'unoff-generating processes"into play.

The role of incr2asedmechanical disruption of the ground in

,

;;O\~lY than clean H'ater d,rainirig \·/ell-'1eg,etated land. All four of thes~
-~:';: ..

iocesies have probably influenced stream runoff frem cutover land in ~~~

'I,: •

.t'Hentcd cxp1~n~tions of incrE?'ase,d runoff by suggesting that theory
$ ,

/d limitedc,xperimenta1 datu indicate that highly turbid v/atersdrair.:~;
~·l ,

.. '..
:':~," ,.The differ~nt geornetric'patter:nsofs'kid trails resulting frC8

;,~:f'~er~~'t y~ rdi ;'gprO'~'edures can', a'l'~~" ,i nr'lu~n~~:,s.torra runoff (Ston~

and skid tre 11 s, as descri bed by Hegahan (1972), appears ':0

"r'a '~ajor (pe:.hapseven 'dominant) process~;n 'senerating~ver'land ilc:,'

~n'theP.edlo'lood Creek basin. The conversi9nof subsurface'flo\o{ to sud'c::-:

10\'1 gre~tly increcses the total area vlithin a'bas'in thatc'onsists of
~, ,',', \.' . , ' , .

,:Jthersatura ted soil or actual "f;ee°>ia ter surfaces. Rain fall i 09 cn

},ese are2.s ;scon'lertedentirely to surface runoff and leads to gre~tl,;'
.:.: ; :..

·creased vol urnes ,and' rates of' storm: runoff.' ,
~ , , "
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, . .
onlY'l imited data. ' The present authors

, the 8agnitude of
timber harvest upo~major flo~ds in the

The paper! cited above, have ,relicd on completely different
, .

..

urg~ht questicn that still cannot be definitively answered .

. '.

The spatial distribution as \',cll as the size and number of

, ..

.,alytJ ca1 techni.ques and

~~t the impact of recent

been the dominant style of logging in the Redwood Creek uasin.

Some controversy about the impact of 1099in.9 upon flood dischal"seS

exists. Anderson and Hobba (1959) suggest that logging can incr~as~

"it discharge of high as \'Iell as lO\·{ and moderate flood flows. Simi"larly,

o'/erlund flO'll. J·n contrast, tractor yarding ("cat 10gging")

~ults in deRd~itic patterns of skid trails that are commonly several

,·ntly, and this increased volume could result in increased dOl'lnstre5:;1
i ..

~ .
~:et.'deep and conve'rge do ...ms lope a'nd tend to concentra te surface runo ff.
.;"
i' .

;{ mos t experimental 'tla tersheds in the Pad fi c North'tlest hi gh 1ead or
1 .
i~.•

~--line c~ble systems were used to ~ardthe logs, whereas tractor

h~the Eel River basin is directly related to logging. In contrast,

~htz (1965) believes that peak discharges of the devastating 1964 flG0d
i:.

.''''Cen,tly cut~ver areas' \,lithin'.a basin influe:1ce peak discharges (Stor~2 cnd
:\< '.

"':,north\'/estern California \'Iere not influenced by logging. He\·,lett cHid

~~1'vey (1970) indicate that, even \·,hen peak discharges are little !\ff~cted
~

~~imber htirvest, the total volume of storm runoff is inc~eased signifi-

.j;

'~iack (1966) suggests that the increClsed frequen.cy and magnitude of f'!codi:"ig



. ,

Corisider~ple historical information (McGlash~n and Briggs, 193J;
1:, •• •. '

~.pau1Sen, 1953;.Hofmann and Rilntz, 1963;.Rant~, 1.965), as \'Iell·as geologic:1
) .'

~nd'botanical 'evidence (Zinke, 1~66; Stewart and La Marche, 1967;
~. .'

: elley and La Marche, 1973) indicates that ~estructive, high magnituce
~.' .

&loodS ~ccurr~d repeatedly throughout northwestern California long before
""Uhe initiation of any major changes in landuse~ Historical bbservattcns
~- .". . .

7:~n the Smith, Klamath, Trinity, and Eel Rivers(fig.28) suggest that the
1- • ., .

'0;' .~, •

• edwood Creek basin probably experienced floods in 1862 and 1890 that were
}~ . . .

r'1"
lomparable in magnitude to those of 1953, 1955, 1964, and 1972. Helley
f.>:

(1973) have us~d ra.diocarbon and tree-ring dating to assisn

;~es to preh~storic flood deposits at several localities in northwestern

These \'Iorkers conclude that a flood larger than that of

occurred about the year 1600 and that floods closely

that of 1964 have occurred several times since then.

" At several localities within the Redwood Creek basin we have cbser~~:

plain stratigraphy comparable to that describ~d by Zinke (1955) end

re~historic Holocene gravel deposits bearing a~parently a single young
"}, ••0

ge. (:lass of 'conifers cOllparable to those studied by Hel1ey and La j·larche
",.

"So far .../e hdve attempted to date these features o~ly by counting

~tuinps. Even these limited datu, hO'o'iever, suggest that

depositional event comparable to that of 1964 had not

~eadwater reaches of Redwood Creek during th~ preceding
{.;

.,0 years, \Vryereas 'gra·.Jel deposition' compara~le ·to that of December 196.1
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STREAH MlD HATER QUALITY

cischarqe

basin. The de9l~ee to v:hich these vla.ter-quality ;:.;·)t~~~~.

and high sLlspended-sediffient concentrat~ons during late autu~~ ar~

storm periods. The observed combination ofhigh \'iater t€;TJpu=L"=

The overall water quality of'R~dwood Creek and its major trib~:~~~~~!

. The sediment n:gir::en of Red'lJood. Creek is cOliipa rab 1e to tha tcf

~loads (Jonea. 1972).

, .

.: arge streams in north\'1estern Cal·'i.fo~ni·a·ln.· th.at t.he creek transports ~--:

"
that of most 6ther streams of northwesterri Californi~t is goo~ in

I ,

its "'later generallyrr:eets the objectives of the Cal ifornia r:or::,

;.coast Regional Hater Quality Control Boar,d (1974). t'\oreover, these
{ "

~

~st~eams ~upport an interesting and diverse aquatic ecosystem co~pris~~;

/a rather limited nurrber,of individuals. f\t present the probl.ems re:';at-
i~

'dater quality of these streams are principally streambed ins~3-

,j •

!resuit from man's modification of the notul'al environrr:ent iS,not ct'i~C:;;

~this is particularly true in the case of the seasonally high strea~ S2~~~~~:

.
"'(and low dissol ved-oxygen concentration a,iong the main channel and S::-:~2

~10w-gradient tributaries during lm.,,-flo'rl periods of late SUii:!T;er and 2=:::/

undesirable. Accruing data further su£sest tha~ hi~~

~oncent~3tions of essential plant nutrients, locally excessive per~;~j::~,

\~and cci i form bacteri a may occas i ana lly cause \·!ater-qua 1i ty prob i ems i!1
;



a~cient flood deposits wotild undoubtedly provide a clearer understanding
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the-

thr2:?first

1973)

Irideed'Sll'~-:-~=~-
~r- -~-

...

..
a per square mile basis t nearly

of about 8~100 tons per squ3re

;... \l" .

.. ,."

.'165,'· ' ; >." ..;.":..'..::. :,' .."', ...

" -','

'. .
than that of t~~Eel River at Scoti~ (Table 9)~-abas~~

Ritte'r(l971), Knott (1971, 1974), Ritter (1972), and BrO'.·m

is transported in a rather brief period of time.

Even 'in this environment, hbw~ver, the suspended-sediment load of

.~ Ri~er' basi~as in the R~dwoodCreeK ba~~n~
t:~ '. . . .' :. . .
\. .. ..... , . '.' . . . .

~( . A common ·method.of studying the' sedi~ent-transport characteristics

:'r~~e~s' ist6·def~nere~ations~~t~een.water'discharge and su~pended
~\timci1t discharge. In this report \-Ie shall. ·refer to the graphical

"rcsentilti~'n of such relations ~s se.di~~ent-tra·nsp~rtcurves. Sedir.;eni:

~nsport curves for stiltions along Redwood Crce~ ar~ presented in

ures 41,42. 43, ~nd 44, Curv~s for stations at Orick and near

o . . ". . ., '..
~at monitor drainage basins in ixcess of 100 squa~emiles ~re characterized

di~cha~ge records Suggest that northwestern .California is the ~Jst

'~a~p·i dly erod1 n9 l'cgi on \'lith in the con~ermi nbus United States (J udson il:-::

{tte~: 1954); at le~st 18 n~rthwestern California stream-gaging stati:~5

,' ..~.verig~ annual suspended-scdi1Th::-i·~;,y.:(~.:ld:·~:/,::n excess of 2000 tons per

~',.c'
r:'
',1 • • .•

edi'IOodCreek .appears to be note\'lorthy~I n fect ,dUl'fng the
7i~~' . '. ~. '.' . .

~ars of compl~te'sediment records (water years 1971 through
'. .
~;' . . ..
~verage c:.nnual. s uspended-sedi ment yi e1 d
t··· "

)~efor: Redwood Creek at ad ck \4BS, on

~- .~

~uare ~ile. (Janda, 1972) .. Recent reports on the high sediment loads of

':ridividual n~rth~est~rn California rivers lnciude Ritter and Brm'ln (1971 L

'~x~eptional1y 1ill'se annual stJspended-sedir;;ent load ilnd that most of th:
j-:~~

hi~hest suspended-sediment yield of any comparably

:IZ~d. riye'r in the con~err.1inous unite?s~ate.:(Srol:'I.n and Ritter, 1971).

~ri n'~' t:~i s .ti me,. iiO\~eVer,. th'e' sus p~nded~s'cdi m~;lt lc~dof the Eel Ri vel')

~···.all .. but ~'ne y~ar, ".;as· f~; b~l'·~~· t·j,~:\6~yd~r··~\lera~e;load cTable ~~.
~ . . .: .'.' . . .. , . .'. .... '. '. ~. .~',' ',' " . '.,.. '. .

":cause the majOl' sediment.:.tranSpDrtinn str.,~~s \'Jere not as intense in tr.:
,~~ .. '
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r..anj northern, C<J.liforniastrea.'":13 indicat"2d that

,.

floods c.:::

slope at

:.

• 0';',

a gentler

".- :.... ",

. ;.: .

.;:.::;-::.. , ,'" ..

Envelop0 c~~vcs around all the

..... ",

. " .'.',

........
;: .. . ". ,". : .: - : ,'~

.. . " .
", "1"";1

.. " '. '. " " , .....
' ..

"

,:-- i· -.....rIc.:. "'\,;;;_

di'schart;e for zc1ected intervals of "rater' disc~art1=;

to th~ a~tual data points often have

Th~ plott::d. point:> on th:::se curves rcpre3e.nt average vah:.::s ,--

than at low di3c~a=ges (fig~~e41 ~~d44). ~hus, si~ple li~7~~

lines r.:ay ov(;r esti~ate the actual suspended sedi:..er:t discl:t:.::=

on only ap~riodic ba$is, is plotted in terms of instant~~eous

of ~ater and sed~:~nt disch~·g~.

(1971, p. 23-24). T~e regression lfnes Here developed frc~ only
. ~j

averaJe points. In contrast, th:? cUl"vefor the station at t}:::

and Ritter" 1971; J3::0i,-r., 1973; .Knot t.~ . lSi71, 197
'
.}) . Since the l;";)!~

r~sponsible for ~ost cf" t~:= se.dir"<:l::.t transport. T.hus, it, is i!!!perat:.":,:-

"

The i.ritreq1..t211t evenLs ;'spresei1t:~d '-Jy th~ hi;h values on these CurV~2

ended-s~dim~nt loads fora giv~n .sh·ea-n discharGe ...·rere t-,'iO to five t:.:::-:.;
~I, • '. • • •••• '. • • .' • ,

'~t.cr.· the:n th\?·y i,:e~~ im.-:-.e~iately" :pri~~~' t6t~~ ~f'lood"(Ander'~on, 1970;

;"8' d'~--"",~· . r'" -" t ·..--"..,...·r··... 'f'.i-~" ;', .... '!'1""7 n ';. ... ....... ~,"' ~:-.. ~. •;. e ~~..c_.,:...-"tre..n",pvr '- ,"_ . :':,;j o....._n, C";;:"'O'" -:n .. -2 ~ .;;~.0n •• ;., ..0 rna-Jor
. "

I'

;define :'h.e upper parts C"I.~ t.hese curves as precisely as possible. C~·:£"."~
l·· ",

iu"a.1 data points used i!2 :he .ave:nl.g5.n3 C0;71"Put~tions are also shmm O!1

'p.thern bouIldary of RedHood I·jation:ll Parlt;:,"lhere sedi::"!ent data are col-

:)

S!.ese value.s vrerc d~rived fro~ a cC::1p:ut~r ~),!"o5ra:~ described by Brown E..!'.::



sedi:~ ..:nt-trun::;'port curves hav·~ f,ro.1u:i.11J' shift·.:d b<1ck tOhard t.~~c.;:

pr:::-"flcod conai t.io~s (Knott, 1971, 1974; ~,:''''o'..;n, l~7'3). Alt::::·.: ...~::.

sediI:1-:nt-t~~n.:;port r~1ati'cns for Rcd1-lOod Cre~}: at Orick are pCIj~l~'

.
the f1ood.s of January and Harch) 1972) nay have caused a slibt-.t

in the sedi=ent-tr~~3port.curv~(co~,are figures 41 and 42.

·dJ.·ainag~ basins ,.;i th gaging stations where suspendeci.-sedil:ent

tn ere collected., th-e magnitude and dl1ration of 1972 flood.s ",ere not
"

to alter their sediment-transport. curves.



For eha~ple, d~ing the thl-ee years of r~cord for Red~oc~

higher concentrations of suspend2d sedi::lent than str;:a:~s in.

relatively ::lOde3t concentl'atfons of suspended sedi:::lent

.. .•

..'..

land in the ~idcontinent is g~n~rully.char~cterize~by

Califcinia. In those areas,· average s.usp~ndecl-sedi:::ent

:::..:.d i-1addock, 1953,. Appendix B; Rain~'Tet~r, 1962) •

excess of 1000 mg/l on only 94 days and in excess of 5000 mg/l

five days. The ave~age concEntrations of sU:S?-2nded sedi~~nt

!.;aJc1ock, 1953, Ap:?cn1ix ~; Jud30n and Ritter, 1964; !iol·;,;::.:::l,

the high~uspe·nd.-=d·-s(d.i::".2nt loads of northHcstcrn C!lli fornla IS

appear um.:.suo.l i:l tr..~t th~ loads aTe the prodi..:.ct of high stl'ea::l

r~o~f on m~~y stre~~3 in the sout~~estern United States a~d in

~ek at O~ick thenean daily con:entration of. susp~nd=d sedi~ent has

'c!;ntrc:::icn is co:xnonl:,-- ?'2ater than 2000 rng/l and sto.r~ runoff co::=.only
-'Ii
~~ .
's concen";!"aticms ofseve:-al tens of tho~sands of nillig:'a:::ls per 1i ter

,i,'{

~h a r~currencc i::lterval of ti';O years (17,300 cfs) for Red.':iood Creek

,:sociated. ~·ri th tee aveyase daily dischRrge (1220c:s) and the daily di2d~2.2-~-::
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:.:' '"..

'",:-,'
~.'~ '.

" .

.. :. .. ....
, '

, .

:>' -:.~ .' ", ~ .:: ...:.. '
.". .... ~. :.:'./'"

.,'

" ......

, .

:Prolcn3e.i expo::nu.·e to ccncentra. tiens of s'.1sp~nj:;d

C"'1,f'or""'" c:J...,..o.,~~ 'n '"T'~n"-;'''l l,,·, .. t b.=> 0/",."1"1," '~-'''''''':=.c';~~=-'__.... _ ..... .L(..Lo ..... L_,-..c.;"..:.:..::> ..LJ. o ..... --_u ,1!\oool.,J _ -l.l.J....L...l -~_-_ .... _c:::. ......... _.

onl~r five p~rce~t of the

in excess of 300 ~g/l are considered by sc~e aut~~r$ letcal

for several days at O~ick; nin~ such periods persisted ,for ~c~:

(Gi·oOons ani Sal0, 1973). TI:'GSC concentrations a:-e a130 s''':':~::_-

days during 'later yc;e.rs 1971 through 19'i''3. 7he~e :p=riod:; 0'::';:

in :Oms T".:pcrt.

:.';.::n thou~h con:cntr~tion:; of slisp<;nded 3eu~mt:nt in ?(:c.·.~~oc. Cr:.'~::

of the ,,;inter ston s~a::;on a.:ld i:::part to th~ cr.:ek, a c-tstincti ... -:
, I

A\"cr'2.o!'."~ <hilvccncentrations in exc~!-:s of 300 .. ~'/l cc",~···"··.., _.. "-3, -_...... --.:color.

:t the ti...:l.e 1..ihen am:.dro=,cu3 fish are spm.;ning and. their fry e:1ergin;

Ii'
c'any gi-:cil Y~ar, n2~'1:l Coll thz ,stre:mn s·::dim::nt is tr"~:l3?c::"~ed c.~::.;
';,01,
'j;"1
~ . ' '

''lew short intense stor~.?=riods., Data'docU-'i:cn:d.pg the c:?iscdic c:-.;:':·:·.:-:-::::"
1) ,
,·1, •fl sediment transport on Red.Hood ,Cr:=ek at Oricka1'e ,s\L;m2.T'::ad in
,.~'",','

~re'45; 'th(; da~hed line on this fig1.i!'~ , is .ll:;ed to indicate tta te''':';- :::;:-

:'e "later ~rea.r.s ,1971 th.rouZh 1973 s treD.':'\O d.i,schargp.s that ~,;-;;!"c eqt:.all~:'
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Figure 45. Cumulative curves and histograms of \V~ter discharge and suspended-sediment·
load for selected increments and freq~lcncies of occurrence of water di~charge

for RClh'JOod Cn~ck llt Ol'ic.:k during \13V:J: yca!:-~; 1971 through 1973.
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!·!oreover, a"bout 80pereent of the total ....:=.:~:.

storms of li~arch 1972; about 23 pe:rcent of .L'~::>

"

discharge end transported about.halfthe total susp:::~=::-

:;.bo~tt 80 pcrc"2nt of· the total .su::pend~:;d-5Ejir:".~nt.load •.

Creek during i-~ater:years 19'71 through 1973 Has transport;:' :"':": ::::;

19r73' (~. 4'"-:- .1: ::.g. '0).

~torr:".s 'can result. in a far

for R~d;iood Creek at Orick is illustrated further in

lead. The episoc..ic·: ~t.orr:l.-r-=lated. nature ef suspended-sec..::....-:.-.-::::

'tYa?;spcrted c.1..u'ing tilO brief stb!~l periods bet7:':=n the ::i~:':= c:'

and the niddle of Jan~ary (fig. 47).

~~ter years 1971 through 1973 accounted for ~bout 15 percent :~

disc:lo.ig:=s that m~re cqua11.;d or exceeded only 1 perc'~:lt of t::: ::.==

19'73 ~',;sp~nded load for Red"iood Creek stations at Orickan.:i ne:=.::-, ~:'':=

~<

;jnipcr-:a.ncl3 of sto~ T'.lnoff in de'j:;emining the sedi::ent load of
'r .

i 3 did 3() d·~1.ring !·larch 1972. Thus, a year .vli th 10~'7 total rlmoff ~'..;": c.
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landslides. Independent interpretations of aerial photograph

Downstream increases in suspend~d-sedimentcontributions fro~ stream-
. .. .

erosion and from recEntly logged areas apparently make up for
I.

o),mstream decreases in s:.Jspended-sediment contributions from earthno·'./s

,
,',gh discharges that are responsible for most of the sediment transport,

he sediment discharge p~r unit of drainage area appears to decrease

" lightly cetl'leen t.ne st~tion near Blue Lake and the southern Park
~ .

:oundary, and then to increase bet\'JE:en there and Ori ck.

Suspended-sediment concen tr<lti ons and load per" uni t tlrea for P.ed'..:ocd

: reek near Blue Lake are apparently.about equal to those at Orick• •

lTa~le 11). C~rr.parati'le sediment.;.transport curves plotted in tenns of

::ediment load per ullit area for stream-gaging stations along Red\~'ood

;reek near Blue Lake, at the southern boundary ~f Red\'iood National PcJrK,
~ .
!~d at Orick show rather similar relatirinships (fig. 48). However, at



10

100

90

80

70
' ..

" GO
.

..
50

40

30

20

, .

1973'WY

'Load

1972 WY.. t

I I I t J I I I I ! I I I I I I , i I 0
M A M J J A

(~ 0 N D J F M A M J J A <' 0 N 0 J F M 1\ M J J A ...
J .;,) ~)

ISiTI I' ll)"~ " I Ir)-·-:J_, ( t .... .. ( ..)

'..

197~ \Vy

"

. " ." .

. . .;'. :.:' :'·:.wat~r·':·Dj~Gharge
: ,..' ,..:"..:··1,332,593CFS - Days 1. " . ',' .. 1, ,.
: ','. :' . ',:., . .' ';'., .. : . l~

.. " -;" ....: •... .; "-~': .:;. , r
': ......,: I .
:. .• ", .... I

.' .. : .; . '. I

:.':'.:>'.~ '<: ,:: .:.. I
'. '.. '. .': .. ,,-'"
. " . .... ,,,,/LSuspended Sediment
_4-A-A-A-"'-/!\-A .

6,740,340.51 Tons..~
4-'",

I

J!
I

I

10 I
I

I
a '.! I I

a N [) J F

19(0 I

'20

·100

.~
90

.Z
W 80
u
0:::
w '70
0....: ..

.' 'w'"GO
>'.

.. .-·50
~:. <!

.. . -.J

::>40:
~

:::> 30'.
u·

,"

',"



c .

70

eo

IOQ

9~

o

20

10

1 so.

.-1 E::>

I

~ ::
~'.)

..

I 60

j ::
J3::>

J 2"

'~ 10

5 15 :='"
A'J~",:S. T

:5 15 :!5

"

JULY

,.

'-Water Dlscl'1arc;e
. 28r.803 CFS - Days.

Wa1er Discharge

70.263.7' CFS - Days

Ct.:.mul<1tive curves for Hater. discllOrge and sw:pendcd-sedi~H~!1t load for
R~:r.h'iOOd Creel·: n(~:lr Hlu(~ L:lk,~ (lilt! 1~I.!d\Jl)'.)d Cn~d~ ilt Orick for Hater
yelle 1973,

~ ~ J ~

,--'
".--_-._,-.;..--'

,-'tII--,.
I,

..,
Suspended SedIment Load: .

. . I

757,633.58 Tons.\ I'
-*"'---~, .

t
t,,

I,,,
I,

. ,
I
I

. ---- .-'~- ---~----:----------~-------- ----- -----.,.--
... ---'

,_.~

,.,.--"
•

S\:spended SedIment Load :

le~.6ee.83 Ton,.~/

,,
. I
,~----..

I,
I,,

t
t,

REDWOOD .cREEK AT ORICK
1973' 'NY.

~-""--~,

:--_----~-=:;------------J

Fi~urc 47.



DAILY MEtd~ WATER DIS'CIlAHGE

CUBIC METERS PER SECOND PEf~ SQUARE'

.01, ,II ·1,1

Q
W
Q
Z
W
Q.
lI)

:::>
lI)

~
c::{
o

0::
W
I
W
~
o
...J

~

w
l')

cr.
<t
::r:
U
U1

o
I
Z
w
~

o
w
lI)

cr.
W
Q.

lI)

W
Z
Z
o
I-

2::

35

3.5

.35

~50, ILJ
cr.
c::{
:::>
o
lI)

.035

IN

KILOMETER

II

'..'.

, .'.,

", .

. .'. ~.: :' ~ :

'...
", ,. . .' .

': .'

: ~""

" ,.' .. :",

... . '

.. ,.. ' ..

:

: ._ ..... • : :. • '0 •••", ,"

',:. .' .: . ",

....... '". a : ....."'••• : ••• '.' " '.

/
.0.· .if /

/1/. . ".

~/

.~I/ f
o

'"

.. " '.",'

.. '.. ' \.t·:"·

10

100

1000



during the extreme runoff events that transport most

However, duri~g the observed storms even the most h2~vily

suspended sediment load rerr.ajns to be eValuated.

.....

. ..".
" " ' .. ....: .

, '.

180

". t"

b~sin attest to occasionally hi~~ r~tes of bedload tr~~~~c~~.

Recent major" changes in s trea:n-channel geometry throughout the

",

~9gged tributaries appear to have suspcnd~d-sediffient concentratioros and

that even on a per-square-mile basis are 10l'/er than those of Rec'.,.ood

itself (Winz~er and Kel1ey~ 1975;, Iw~tsubo and others, 1975).

~spendeci-sedim~nt induced turbidi~y also appears to persist for a much

anger period of time along the main channel of Redwood Creek than in

tributaries. Hm·/evet"t the l'"ole of the tributal"ies in

f1975) suggest that during observed storf:1S of 10\'1 to moderate intensity
Ie·
r

Jtributaries draining extensive tracts of recent timber harvest have

Observa~ions throughout t~e Redwood Cr~~k basin and initial

{measureiT.ents in the dO'dnstream third of the basin (h/atsubo" and others I
~. . .

inspection at different times by the U.S. Dep~rtment of

;'"Agriculture1s River Basin Planning Staffj1970) ~nd the U. S. Geological
~ .' . . . .
. '. .

Survey (Curry, 1973) suggest that "the area beb/een the" gaging station

~igher suspended-sedi~ent conce~trations and loads per unit of drainsse

"~,rea than do tributaries draining onlyunlogged forests and revegeta~ed

·'lder logging units. The suspended sediment from the' more recently

basins 2.1so appears to be browner in color than that from

¥ • •
:'the most rapldly eroding part of the basin; available fluvial-sedirr.ent
t.:

~data (Table 11) appeal' to contradict th~s observation but they are
'I·

"
~insufficient to test fully this'hypothesii., ,

" ,

.; hear Blue lake and the southern ,boundary of Red'l/ocd tlational Park may be
~' ~



of this decrease in bedload.

,S an alternativ~ expl"anation for the downstr~am decrease in-bedload.
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mate~ial is a plausible proce~s 'along ~edwood Creek as bed

~' '. . ,: :. .
"

~rson (197l) has postulated th~t this mechanism accounts for part of
". "',I ; ~ • :'.

~ownstre2.m increase in suspended L:.:;;.,l'" tt::h{accomj)ani es the down-

~m decrease in bedload along the EelRi~er. Mechanical, disintegra-

(~

:r The mechanical disintegration of streambed r.1aterial, hO;'/ever, pro-

.doct:mented by repeti ti ve surveys of monumented ,stream-channel cross

in 1973 and 1974, (h/atsubo J.nd otaers, 1975), probably accounts

,anne! aggradation along the reaches of Redwood Creek within the Park,,

~lwatsubo·and otheri, 1975). Initial data collected at six sites ~long

Creek as \'iell as data from similar nearby streams (Brown and

1971; Knott, 1971, 1974) suggest th'at bedload probably ,acco:,;nts ,

or 15 to 35 percent of the total sediment load of Redwood Creek.

The p'ercentage of sediment transpor.ted as bedload by Redwood Cree/(

to decrease in a downstream direction. The absolute quantity of

&dload moved past Orick appears to be significantly less than the
':,

,'anti ty moved past the southern boundary of Red\'/ood Nati ona 1 Park.
~~.

of the absolute quantifies of bedload and the relations betwe~

and water,discharge is scant ~~iause generally acceptable pro

for sampling and cor.:puting ~edload are still being developed.

\',feriodic direct measurements of bedload .utilizing the Helley-Smith (1971)

·i ampler, however, were started along,~ed'l,c:;:;~·l Creek during \vater year 197~
l·· . ,
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the pool and riffle confi~uration in heavily-

versus unl egged tri butarj es ~re suggested by quali tative cbser

basin~. Incr~ased rates and frequencies of bedload trans-

grain size of this g~av~l,arparent~~ de~rease£

'.

The characteristics of streambed materials, the frequency and d~rRtion

rough 'the park lands of lower Redwood Creek.

uncut areas. The poorly sorted sandy pebble gravel appears

primarily from erosion of r~adside ditches: gullied

.id trails, and sidecast road spoil in re~ently.loqqed areas~ The

~uction of new sediment from bank erosion and downstream tributaries.

ata doc~7~nting the relative importance of each of these processEs is

eeded to plan for the passage of present and anticipated sediment loads
~, .
','

\.. . .: .

~ons ,throughout the basin and ~easurements in the lower third of the

asin (Iwatsubo and others, 1975). The streambeds in heavily logged
I

~sins,'moreove~, display more poorly sorted sandy peb~l~ gravel than. '

,ogge'dtri butary basi ns a10ng Red\'lOod Creek are str; k;r.gly di fferent fror.1

iri bedload should be accompanied by a downstream decrease in grain size
,

observed during'low fldw.contain' a large n0mber of cracked and

decompos?d clasts of sandst6ne, siJtstone, and schist that would

and fracture quickly in transit. The proportion of mechanically
~ .
to" ' .
,~nstable clasts appears to decrease'in a downstream direction. If

disintegration is,a prominent process, the downstream decrease

,'i~n, mechanical disintegrati'on, selective hydraulic sorting, and intro-

comparable downstre~m incr~ase in suspended load.

:hese conditions do exist along Redwood Creek, but present data are

"risuffictent to decide to what degree those conditions reflect aggrada-.
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slug, unless exceptionally intense rainfall leads to

downstream away from recent,logging units because of the

.~. ,".. ,- '''~.,~. :. :: '.' .

11cations of strcam-sedime~t loads

sediment-retention capacity of rock pools and low-gradient strea~

". ",

Creek and other northwestern Culiforn1a rivers for the existing

~ ..'
~lographically similar to tributaries along Redwood Creek suggest that
'~",.

. ,

: occas'ionallY, initiated.' . Loc~l aggrc3dC'.tfon ~. ddi~cti6n,and increased

,', 'The ~onsequerice of the high str(,Cllu-sediment, loads measured along

1_

I;e~tebrates and periphyton. Observations along Oregon- strean:s thatal'e

"introduced bed material normally work~ its way slowly downstream as

,~~el\o.'idths may cause 'erosion ~f .~treambank~ snd. previous'ly, ste.ble

~uYium: This '. in turn, may trigger' ?tx,enrnsidc'slides and additional

, ,

',~ugh un.logged downstream reaches, self-reinfo;rcing feedback rnechanisllis

i '.' ~ . . .... .'. .

, ". The'enviro~mental price of this attenuation, however, is high. The

\
.iless ~iving area for swimming organisms and less stable substrates for ~cnt~":

Je:aricksen (1963) and S~anston (1971). As the introduced bedload rr.oves
.~ .

~ "

,'ling of pools and the burial of previously stable weoden-debris jams and
l •

ti
ckriffles, along with a general smoothing and fining of the·strearr.bed,result

", "r _ .'

.. ~: generation of a scouring debris torr.-:~t like those described by



major floods, and uncertainties regarding future climatic

ages in northern Californi.a and south,.'estern Oregon St;§;~es:
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report. The i~pIications of these loads for the lon~-

and man's land-managcment.d<;i.Cis.'1ons. Nonetheless, it is

realize that if these high sediment loads persist for long,

source for immense practical concern (Wallis, 1965; Hahrhaftig

types and degrees of soil-profile development on landforr.s of

and parkland tL~ber resources' of nortm,cstern California. Qbser-

nnd riparian ecosystems are reasonably clear and are ~iscussed

Creek at Orick for, 1970-73, fO,r t:'x a1r.p Ie , imply a rate of erosion

of two. .Erosion rate:::"j:..::.::)...;':',:_:,:,~~:;,·f'Tr.!r. sllspended-sediment reccrcs for
, .

computed rates overestimate the uctual long-term erosion rates 't~. a

the entire regolith could be eroded away in only a few millenia, even

Erosion rates computed from existing strea~-sediment records S\;ggQst

:crnl evolution of the landscape, however, nre more obscure. The principal
,

'~ur'ces of uncertainty are the shortness 'of existing sediment records, the

~nd Curry, 1967; Janda, 1972). This concern lies iri the fact that the
~ '.
stream-sediment loads are derived from the forest soils that support the "

~hat the dominant tL~bcr-supporting soils in the Redwood Creek basin ~ave

~eveloped' over tens and even hundreds of oi11enia and partly under cli=stic
I '

,conditions different from those of the present. Thus, over socially teani~;-

,:ful spans of time, these forest,~soils are a nonrencl·:able resource ane. shcclc
," .
Ii'

1~e managed accordingly.
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this is done by chance (Hawley and Jones, 1968), sedireent-

Hot-lever, even wbe.nde.Jj,l),e'i(,~:tQ;,~!ttempts (Knott, 1971, Table 5; E:-,:-''7.

" .

. .'

unresolved at 'present; both factors appear to have significantly increased

,:. The ,degree to \,:hich these high rates of erosion reflect an aberr"t~.:·T.",

'';:'

pel Ritter, 1971, p. 34) are made to sub-tract out the bi.as introduced hy
(

lscharge rates remain high. For example, 'J. H. Knott and G. D. G1ysson (\'lrit:"~=-.
~ .

!

'esulting from natu'ra1 climat~c events as. opposed to recent ,intensive lor;ging

be characterized by rates of soil erosion that are con

~derably less than the average rate because stream-channel erosion and
~, .' L·. . .•

~ndsliding, the dominaDt erosion ~~ocesses in these basins, operate over

about 0.35 feet of rock or 0.7 foot. of soil per century, expressed in

"enns of an averilge 1m·tering of the l'and s(Jrfaces. This rate is more,.. ' . . .
~ '. ' . , '

'ha.n bllcc as fast as the geologically computed, upper limit on the, ,

tong-term average rate of erosion for this basin as discuised earlier.

estimates of long-tenn erosion ra"tes based on suspended-sediment

ioads' of nearby streams are presented 'Tn:::(}ujs~:; and Ritte~ (1964),

.~. . . .
t ' '
,nly rat:ler small parts of the total landscape. Conversely, some parts

f the landscape that presently bear matvre con;f~rous forest could be

tripped of their soil mantle in a few decades.

~., .

ahrhaftig and Curry (1967), and Janda (1972); the present erosion rates. ' ,

of 'these streams also appear to' be s'everal tjmes'r.:are rapid thun the

-~ological1y computed long-term average rate of erosion. The erosion

ra~,es est1;;'lated from suspended-sediment loads \'IOU 1d obvi ous ly be sign; fi

if they included bedload" and dissolved 'load. Large areas,



cOfnnunication, 1975) i,ndicate that the "1ong-term ll average annual suspenc.;Q·

,sediment yield, calculated from the 1~73-1975 sediment-transport cur've and

the 1954-1975 flow-d~ration curve, for Redwood,Creek at Orick is about

{ .5'900 tons per square mile, or more than 1.7 times the rate, implied by the
'j

Z geologically computed upper limit on the erosional lowering of the basin.

:;~r10reover, the long-term produ'Ch·'il.~:/bY·~he land is strongly dependent

'i::. upon the balance, between soil-profile develop'ment and soil erosion

t irrespective of the re~sons for that balance. Indeed, from the point 6f. ," . .

\:Vi ew of forest management, the long-term consequences are most serious
~,

·:if the present apparently excessive soil eros; on refl ects prima rily natural

~factors. In that case active erosion control is far more complex than if

~~rosion 'results directly from the activities of man .

•
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over the last four decades have also contributed to

".

major floods. and perhaps other natural'phenor.:ena,· but cassi-;:

the impact of changed land use u~on stream sedi~ent loads

not possible.

erosion •

recentlY,b2enlogged~ ai~~c~io~slY ~es~rib~d. (2) initial

of Mnn 6n Stream Sediment Loads.....,;.:;.::..::..-.;;~~

are. nonetheless. several times less rapid than the present rate of

rapid relative to erosion rates reported from many other mountain areas.
, "

t~pes of qualitative1 and semi~uantitcHive information,

as a unit. do indiccte' that recent la.rsc-seale til:1b~r harvest

associated ro~dconitruc~ionwithin ihe Redwood Creek basin have. . '"

.No,direct mecsurejj;ents of stream-sediment loads \·/ere. made on

. The long-term natural erosion' rates in the Redwood Creek basin and

{erosion implied by measurC'~ stre.:-~ ,~-.::'tr.,,:;,nt ..loads in the Redtvood Creek basin •

~uriounding terrain. as discussed previously. have apparently been exccption-. -' . ... .

~ed006dCr~ek or com~~r~ble large necrby rive~s prior to intensive

.', in'lber harvest. g~azing.' and road construction. Direct quantitative
1,
\

;and,scale··of erosionallandfor:i1s in virgin ti,mber and cOiiiparable' terrain
:~ ..:'.' .

~edimeht concentratio~s and total ,sedimeht loads. These types of

;infor.ma'tion i ncl ude (1) \;~~.sualcc::;~'::::i::'";.:r'I~f the types 1 abunda nee,
' .. "",';'" . .

!:S'u~s t~n't -; a.lly a'cee1er~ fed 'e ro~ ion',' 'and' th~~·~b.Y· i r.crea~'ed .s0~pended-
, .



1972; Rice and' others, 1972; BrO\·m, 1973; Gibbens and

last 40 years.

impact of different styles qf 10gging in different types

187'·.,'..

associated with timber harvest--an activity that has

about 65 per~ent of the Redwood Cree~ basin during

. ' .

have been prepared by authors representing a broad spectrum of

1967; Pecker, 1967; Curry, 1971a, 1971b, 1973; Ajj~erican

Recent reviews of the extensive literature documenting examples of

iwpact of logging and related activities on stream-sedi~ent

, .
¢.m'thc literature only those data' arid opinions that help clarify our

,~rvations along Redwood Creek. ,With ~ne exc~ption, w~ have purposely

to generalize, so a~ to avoid drawing unwarranted conclusions

~~,' 1973; Jones and Stokes Assoc=~ 1973). In the following discussion

~h~ve tried to summarize our'nbservations ~oncerning the impact of

">.'b~r har'l~st on the sedir:~ent loads of R'ed\'lood Creek, and 'to extract

~ "

:, ly quali~ative observations are available to suggest that the crosior-.al

,,'mpact of high\vay constl'uct'ion, early grazing, and conversion of forest

orange in the Redwood Creek basin have been comparable to that

tir.:ber harvest. In the paragraphs that fo110\... \'Je discu'ss

liieasurc~ents of concul'rei:lt, sediment loads 1'n comparable unc~t

iand ~ecently' 199ged tr i,butary basi ris (h/a tsubo and others t 197.5 Land

~3) 'a generai ~eview of the literature on the impact of ti0ber harvest
~, ~ . .
jnd associated road construct~on oh reasonably similar drainage basins.
" '. .-.



types have been adequately·docu~er.ted.' Much of the

stream.:.se'd i r.:en't loads' aree~ormous~' Thus~. thema'gni tude of

the one genera 1i ty tha t "';e g1 ejn from'the recent 1i tera ture is
, ,

.. .'
.........:, .

.. ,'...

. . .

I . '. • .. ',: '.:-: " '. " '.

that the' harvest of wood fiber is
, ,

crops, ov~rgra~ing. wild fire, strip

• t .'

... :-
. " .. " '. .

.'. ,.; ····188 ' . ',:',::', .', .':,.'>:' ."

"

of relatively few combinations of logging systems

o'
.. .

. ..
influence the magnitu~e of the direct impact 6f logging opera-

. .

harvest. Much 6f, the ~ncertainty reflects fhe 'fact that the

it is nOH .",.i de1y accepted
r "
parable to the harvest of food

~ . ..

and construction of housing tract~ and high~ays in that all
f .
,:tivities that destroy the vegeti<U.vp.l.'~·l~.:·~~~'jl.t pr(lte'cts the underlying
1·:···· ~
.~eral soil. lead to accelerated erosion. Considerable uncertainty

:d.controversy,.ho~~eve-;'·, still surround the magnitude,duration, .

~.·ecOl0giCal c6ns~quences of the accelerated'erosion'that follows

appear~ related to over-generalization from a few caref~lly

<intra11 ed experiments. A rel ated source of uncerta i nty andcon'tro'/ersy

that coridit~ons 'and acti~ities in 'many oithese controlled

differ strikingly from conditions and activities that
~... . . .... '. i, '. ..', . .

,h'aracterize'typical forest pra~tices .(l.:eo,fuld. 1972),
. "

J'
i 'Thenumbet of individual vat'iables and combinations, of variabl~$

...
,h~t ·impact is highly variable', ··in~orr.e· area'~~ s~chas the Cedar
: .' . .'~ :.":." '; . .. ~··~·!f··", '. . .... .
5ver o \'latershed O'f \'Iestern' \'Jcshlr.g~,:,::;";,,~~;lih;.;ia combination of resil ie~t
:". '. . . .' ..

. ..
\~erniiri 'and exc'ept i ana 11y carefulfores t ~ariagerr.ent the' imp~ctof
~. . . '. . . .

~,irn'ber' h'a ryes t on '$~diment 'l'~ads c~~:l)e" ~'edu~ecf toa barely de'tectab1e

(Cole and others, 1973) Con':'erse'ly), in some a:rea~, such' as the

'u11 Creek watershed of northwestern California, with a combin~tion of



be learned from experiences on other hil1s10pes and in other

.,

terran~', poorly IT:'anaged l'ogging) 'and extreme' floods. accelerat.::C

observations is that meaningful asseSS8ent of the potential impact

.' ,

.. .. ' ...0

.'
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basins~ such experiences alone should not be us~d to assess the

1ies some\'/nere beh/een these extremes. An important corollary of

'9 logging, arc s1g:lificJ:'tlyincr-e~scd.but that unc!.?f favor;'lble .

~sults of these studies i~dicate th~t susocnde~-sedirnent loads follcw-
J. . - ••

~osibn and ~trea~ deposition following timber harv~st can completely
~I • .. • •

~t.in~he Aisea River basin in' the~oast ranges of western O~e~on
I , .. • . • • •

./.,; ...... " :'.. .', " ", .. ..

:BrO\'.m·and.Kr,ygier,··1971) and in the H~ J.·Aridre\·/s Experimental Forest
j' . , ,. >, .. ' ...' .. '" '. . ~~ .... . . . ,
n the' centra.l Oregon Ca scaces (Fredriksen ,'1970) . These stud res
~ .. '.'. . : ..',.. . .. "" ~ ", . ..

~vol~~d cable ya~ding of steep. ~lear~ut units rio iarger than 237 acres.
". .

~ ~r~posed timber harvest should include detailed study of the inter
~.

'ctions'amon~ the individual forest practices involved in the proposed

~erat{on (for exampli. road construction and maintenance. felling.
fi· "

lr.ding •. ~lash disposal and restocking) \·Jith 'specificenvironrr:entai

actors (fer ex~mp1e, hillslope and stream-channel gradients, rock and
~' .

)~i1 types, proxir.lity of strear:1S and landslides. anddoi-mstream and

,O\"n5lo;:; resourc;es) at the actual site of the proposed activit.>'. \·:hile
~ . '. .
~ .

, '.

,;~:t~nti ~ i impact of any' proposed act iv,.~ t:/.....'. " ...':, '

.~'.' The t\'/o:most d~finiti\'e studies of the.imp~ct of' timber harvest onP .. ' ., " ..
':tream-s'edirnent leads'· in western coniferous' forests have beell carried

1:

e~astate d0/mstream cquatic and ripari,' habita.ts (Zinke. 1966). In
~- .~. .
j ..

~e drai~age basin of Redwood Cree~. as ~e1l a~ mo~t forested drainage
r, "
~sins in northwestern California and southwestern Oregon. the combina-
J~ " , .

"io~' of 'v'ariables is such that the impact .of 10':;9in9 on stream-sedir..ent
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re;;;oval of 47 acres of advanced second-grm·,th redwood along

Road construction and ~lash burning accounted for
, "

Burns,1973). Following construction·of ,4.2 miles of

, ~'

"

'",' ..

: '

. . . .". ','

..

", '
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!;tream-sedimellt loads observed in the Alsea and
, . '

OT the selective cutting tif about two thirds of the South Fork
, . ,

timber ihat started in 1972 ha~e hot yet b~en published.

A c6mparable pair~d basin study is .in progress in well-bedded,

Franc'iscan sedimentary rocks near Fort Bragg, California

uCh:of the increased
,;~. .

~rews,~xperiments.
";i .

~cumstances those increases m~y be sma11. persist for only a few
J " ...
~rs,' and bi difficult io 'distinguish from n~tural variations im~osed
f

': flood' events.
,"~; ,

" ,
" .

~nded~sediment concentrations and loads are many times gr~ater in

~dwObd" Cre~k' an~ ,its majoi tr{b~ti~ies (lwat~~bo end others, 1975)
,.' . ..' ' ...

right-aT-way, the suspende~~diment discharge and debris

i~in deposition from the 1,047 acre S6uth Fork of Ca~per Creek basin
'~eased significantlv.
'he ~nc;ease persisted for at least four years. The magnitude and

of_the impact, however~ reflected failure of a splash dam

during the initial timber harvest iri the 1880's, as well

cycle of road construction and right-of-\·,ay logging.

~an'i~ ~i~ea~~ wifh~~ these ex~e;i~~~talw~ter$hddS~ Moreover, most
. .. . .

" , .

f,the,1ogging t"hot has'been, done {n the Red"'lO~d Creek basin involves
- " ," ...•. ."'. . . .

, '

'L :The sedimentation rcgime.....of the (:i'raihage basin of Red'dood Creek
, . ". ..' . ".-. .." .'..

' .•0;

~ rathe~ different fr~mthat in these' e~perimental water~heds. Sus-
I . . .



movement \"ere associated \'lith road-related landsl ides in the

in the character of streambed materials ane increas'es in the

j.

191

"" ".

, .

steep and (or) unstable terrain in close

'.

.'

major stre2m channels. Thus, even though only a rather ,-'~

of old growth remains, the harvesting ,of those trees

inc rease ins tream-sediment loads. Increased sediment 1,:)2 ds

in suspended-sediment concentration and load. Bedload data

be carried out in a most careful,'mann~r in order to prevent

the magnitude of man:s impact on strearr~seJiment ~oads.

Mos't of the cODunercial old-grOl"th redl·/ood'timber remaining in the

Redwood Creek and its tributaries ha~c not yet f~11y recovered

recent floods and eerlier loeging activit~es.

t~is time would be particularly deletericiu~ in that many reaches

~~ "

~rger cutt i n9 uni ts, grea ter ground di,s turbanc.e and ress rapi d

~covery of ground-covering vegetation than logging 1n the Als~a and
.Tg. • •

~drews study areas. Additionally, in Redwood Creek logging-induced
fu '

, ,

rom the, i ncrea sed sedi i:1ent. loa ds and cha nges 'i n channel gecme try \',rous~:

requency and, intensity of bedload movefi1ent appear ~o have had a r;;ore
'k .
evastat1n9 and persistent impact upon aquatic environments than

1';
ndrews Forest (Fredrikson,1970).Thus, the re~ults of the Alsea,
t,
ridrews, and Casper Creek experi~ents are applicable to conditions
if, ,
'long Red\',ood Creek only in that they probably suggest a lower limit

jo.',

~'~1\

"\

1 •.
; rom experimental 'IIatersheds are i ncompl ete, but major increases in
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Most of the ~pparent differenoe in frequency

....l.neHOreo'/er,

, "

:.: .

"

•••• '"11 •

....•

. .... ".: .

',- .

.'
" ,

.. , ,192
".:'

. ' .. " . . ".

such as gullied skid trai)s, r~adside ditches, and enlarged

. .
~x~mples th~t ar~ prese~t repre~~ntr~tentlngg;ng done subsequent

,',:

bas i ri., 50:7le massive road fai10n.:~,h'cli...,e al sobecn prevented by' genera l1y

logging~ind~ced erosi6nal landforms in red~ood~do~ina~ed forests

~f the lcwerRedwood Creek basin are in ~e~~ral not ~s obvious
~ . .

:pn aeri,a1 photographs as in the Dougl~'s-fir-'~:j:n'inated forests of the
~{

~pper basin. Massive landslides in streamside cutover land, and road
~{: .

iandculvert failures are larger and JlG':--e prevalent in the upper basin
\~ '" .

\~o'theinaj6r storms that tr'iggere'd most of t'he slides i~ the upper
" . Y

;'this' .tj''p~ of terrane' in the lm-ier bas';n·'are'.not COiTl.7l0n.
',' " .. ....., .. ' . . .'

. . :'.-.

10\'/er basin (Colman, 1973). This difference probably par::j'

:r'eflect,s 1.10re,d~f=ply, v/eathered and cohesive soi,' pare,nt materials, and

hills10pe protection afforded~y more abund~nt upper flood

the lower basin. Additiona1~y. because ofspiouting and sl:~

'jigher standards for. road designan~ rr.ainte'nance inthe lO\'ier basin.
' ..:

. '·'In' contrast to r.1ass lno'/ement small-scale fluvial erosi~n

~ecay of redwood roots and stumps~s6i1 shear strength associated wit~

}, .

i;tree: roots is not decreased as much f6ilm'ling redHood. 10~ging as fo11:'..:-·
'( '~ " '

"ing o.ougl~s-fir logging.
~; ,

~f.Post-logging mass move~ent, however~ is prob~bly an artifact of the
t''. "
dnterac~ion of recent storms and logging rather than a r~f1ection of
j , "

:rnajord:'~ferences in inherent slope st~b'ility. I-lost ,r.:assive slope
:,t.. '

::tailure's in the'uppe~ besin occurred;;",m th~ \'/et, stee,p, 1m'/er parts--~"

~fhills1opes adjacent to majc~ stream ch~nn~ls; example~ of loggi~g O~
"', .' . . '.



'.

,,' tream channels appear more prevalent in recently tractor-yarded clcarcut
" ,

~ . ..
~~ber-harvest units of the lower Redwood Creek basin than in the older
1:' •

'~gging units of the upper basin.' This difference in erosion activity reflec:

~ part,' the reestablishment of a reasonably stable drainage net in many

the tributary basins in the unDer third of the basin.
. II :>j} " '

Concurrent measurements ot s·tream'.:.sedim'e-nt loads for Red\'/ood Creek

some of ~ts tributaries that are in differing phases of the timber

'arvest-regeneration cyci~ are available for the '1973-1974 storm season
~ .

Winzler and Kelly., 1975; Iwatsubo 'and others, ,1975). Preliminary
i!
pterpretations of these data, suggest that during storms of'~oderate

~ .

,ntensity, streams draining tributary.to basins that, have been subject~j

. ,

~recent intensive timber harves~,transport significantly ~ore sedi~ent

draining basins that remain virtually uncut or that were

to 12 year~ previously. The increased frequency and intensity

l'bedload transport appears more pronounced than the increase in suspende~

~owever, during these moderately int~~se storms, even those tri-
' .. :

utaries that have been subjected to exceptionally intensive timber
k· .
u....:· •

':ar~,~st transport;on a per unit 'of drainage area basis) less sediment

'ed~'Jood Creek.

In addition to directly affecting stream-sediment loads ,'timb~r

rvest may also have an indin::',L::t',ef~':.:,~;.' .:':S:!JYquentia1 aerial photographs
; ).

,1d repea te'd surveys of monume~ted streamch~nne1 cross-secti"ons i ndi C2. te
.' '. . ..

~atstreambank erosf~n is widespread thrcughoutthe Redwood Creek;,.' .... . .' ..' . ..
~sinand that this erosion is not balanced by concomitant streambank
':
(,. .

~position' (u.s. Dept. of Agriculture, ,1970; Iwatsubo and others,
~ .'. .

75). Because natural stream channel g~o~etry is adjusted to
1

p~ff vol u;nes, and amount and type of sediment 1o~d (le~P?l d and
'193
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borne by flood \'/atcrs severely batter and even topple
. .' ."

to, fish migration. Others may deflect the current and

cause erosion of previously stablesifcambanks. This erosion,
. -

may topple riparian vegetati~n' a',nd' (or) t,rigger landslides.

, ..

detail in the section on recent changes in channel morphology.

De-bd s

streareside trees, including"young,re~woods. The battered trees

Stream and ri pa ri an envi ronments' along Red'dood Creek are s trcngly

load.' As discussed ;:1 the section on physiography, fal1en trees

ee trunks that are trcnsported partly in suspension and partly as

f
~ddock, 1955), increased storm runoff a~d bedload transport from

cent timber-harvest units may accelerate dm::nstrearri streambank '

(U.S. Dept. of Agriculture, 1970, p. 57). In stream reaches

<'at is transported in suspension and larger pieces of bark, l1i;;bs, end

. ... .

~splays a' built-in self-reinforcing feedback loop which is discussed

-
upper flood plains, strea'mbank erosion freqlJently triggers

ireamside landslides. The sedi~ent added by these slides may then

" .
.rfluenced bystream-trGnsported organic debris including fine debris
,

large liffibs often se~ve as check dams, energy dissipators, and

table niches=:: for aquatic organisms. This coarse debri~, hm':r:ver, can

(5:~hav,e a destructive as \'Iell as a stabiliz.ing inf.luence on the aq-.;atic

Particularly large accumula{i~~s ~f coarse debris may

"~use further adjustments in channel morpho,logy. The \'thole process
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slash into the tributaries. To date) however, the natural

con-
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Thus~ considerable quantjties of tbarse logging detri~

have large areas of bark kno~k~d off. The'resulting scars th~~ :i

pa ths of entrY. for heart rot and other di seases. Furthermore,

, ,

ained'scm~.lo~s.
" ,

~s"pro,ba,b)y derived mostly frc::llcgging operations'on eroding hil1s1opes

n close pruximity to the'main channel. :·.ccumul~'ticn$of these r.:ateri3:3

~ndicaticns of logging. Practically all the lar'ge accumulations
0.·. '.

~eapparently ~igh trapping eff~ciency ~f mostfribGtaries~ this debris
~. ... .

, ,

,~ve recently been introduced to the r.Jain ch2nnel of Red...:ood Ct·eek. Gh'2:i
~ . .

elements along the tributarystrecms app'ear to have been quite

in trapping legging-induced coars'e organic d,ebris clese to tr.e

site 07 introduction. Although stream-deposited accu~ulations of coarse

~" oDden C:ebdsfrequently conta i n rooted trees, the fralr.e\·lOrk of the
1· . . .
';1;;

, ajorit~/ of the accumulations observed ol'ong Red,,!ood Creek bet\'/een

, odiscroft~oad and the mouth of Prairi~ Creek during the sGmmer of 197~

tonsist~d ,largely of tree truriks with sa~ed ends, cable scars or other

.' . .

"'tre'e trunks, 1imbs, and logs are usually the most massive and destruct;"'.:

.objects transported by scouri ng d,ebris torrents) because the closely

~ratturedbedrock limits the size afrack detritus.
{ . .

i,f$uch as wi,nd-toppl ed trees and streambank 1andsl ices. ~Iany recent
,

, ,.
timber-harvest operations have introduced logs, pieces of bark, limbs,

", The coarse organic debris in most Red'lliCod Creek tributaries, inc1t.;:~~,~

:all the tributaries within the Park, results mostly frc~ natural ~auses
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or even exceed lethal temperature thresholds

somewhat more abundant on recently inundated surfaces

low in orgcnic content:

..

However, recent floods have deposited mostly alluvium that

the disso.1ved-oJ:ygen concentrZltion of "/ater in pools and in the

\-/ith \'/hich it comes in contact. This oxygen demand can, in turn,

Organic d2bris, especially some (iner particles, further influence

covi ronrr:ent. by exert.; n9 a strong biocheml ca 1 oxygen demand Or) the

. ,

s6me resident aquatic orginisms (Committee on Water Quality Criteria.

however. lbw water temperatures d6 not appear to place restrictic~s

S.the~mograph was· installed o~ Redwood Creek at Orick in 1963; similar
1" '

were installed at gaging statjo~s "at the southern Park

:' i

nters t ices of the s t,'earn 9ra ve1 (H.a 11 ,and La ntz, 1969; Ponce, 1974).

. the aquatic organisms that inhabit this basin. A co~tinuously reccrd-. '

"

1.',

id-gro~'i!:h forest; the degree to \;,hich tirr.ber harvest influences the

,
~ourid ripari~n vegetation can reduce the amount of oxygen 'available

'6r root respiration (Zinke, 1965; Stone, 196.6). Locally, organic debris

'{ .• Enormous, quantities of fine organic debris are produced in undis~:.:rbe~

( , Water t~mperatures 1n inland ~arts of the Redwood Creek basin in

)~ng Redwood Creek than in older overbank deposits exposed in stre~m
~ ,I •

~'

t, •

!!lount of finedebri s that is i ntroduc'ed to the streams is not kno\'ln.

':',',
'i-".

!i'milarly, deposition of excessive amounts of organic debris.on and
I; •
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more profound in s~mmer than in water. Summer water

inland parts of the Redworid Creek basin are generally

~oastal parts of the ba~iri be~~use of more direct

and near Blue Lake in the SU:1':l1:er of 1973. ' These \-.rater;""

\·:ann:=r air temperatur'cs .. 'Greater if!solation results

less frequent surnmer fog ili'ld mUI'e "destt'uc'tionof riparian vegetation

, ,

20°C. The diel variation of water temperature at Orick

d' t d b t 1 f d 11 ,'s about ~oC.mo era e, y coas a 09 an ,norma J -

G'eographi c di fferences in wa ter~te~pera i:u~'·~ regimen in the Red\'lOod

The average monthly \'Jater temperatures _for Redl'lood Creek at Orick
0' '

~ave an annual range of about 15 C; the lowest recorded temperature

\~as laC on December 14, 1967 and the hi,ghest recorded temperature I-las
"

~230C on Septeroiber 18, 1970. He have not made,: a frequency analysis

\~ ficld personnel and maximum-minimum thermometer5 left in place for

periods of four to seven days. Some of the,se. auxi.liary temp,erature

are presented in Iwatsubo and others '(1975).

tcmperature records are published annually in Water Resources Data
2 .

for California - Part 2, Hater Quality. 'Temperature data for tributary
f.' • •
(,

~itreams and miscellaneous sites consist of instant~neous observations

temperature data but inspection of the data suggests that watQr
,~

:,'emperatures are rarely 1m-fer than SoC; residents at Orick report.

~hat prominent ice occurs in the margins of the channel only 'several

~imes in a decade and that the creek has not frozen over co~pletely in

;rece'nt r.:emory. SUTPmertime \'later temperatul'e rang,e at Orick is usual1y
;;.
"



.. ' ,- .' , ~

"

"

.... '

.. '

"

...... '

'. : ..

..:' . :,'

I',: : .

.' ... : ....

' .....
.' .O'." .
.' •.•.. :'O': :: :'..•

:.J

. ,
"

..... '

..... '. '.'

'/ "

. , ... , '.:' ,'. ':',.,

193'

. :~... ..' ... -
. , .....

,',

.... ..

'.. .' .'

..... :-::" . ,-'. ':.~ :,> .:. . : ,'::'
.. ' .. '" . ........

. '..

"':

: .. ,

, .. ' .

• " ..~. ~ '.;:. # .' • .••• ~ .' '. '.. '.". :.. ': ' ., .

. :.:.... ':' .
" '. '.' ,: ~.. .. • « ., ,,':: .' .~. :':. :.

.'
. : ." :~: ..

'.' .. '.' : . .'. .•.. :.... ..'. .. ......:. . .....-
., ...,:: :" .:' '-'., ,:' :",: ~ , : ..

.. ' .'

.' ..

..'.

<,

. ,
. :

. ' ,

, . ,
• "1 •

floods and loggi~g in those inland areas. Within, the Redwoo~
, '

on \~ater Quality Criteria, 1972) large,active schools of :~,~;~

are frequently observed there .

'f:·. ' ' "~dLacks Creek are often 27°C to 28°C) which is reportedly higher tha~

temperature threshold for sticklebacks and juven~le sal~oni~3

tributaries qften have daily maximum temperatures in excess of 25°C,

~en though mid-day water temperatures in the ,reach between Highway 259
{ . . . .

ileekcorridor of Red\'YQod rlational Purk) i'ate summer 'daily maximum \'Iat~r

~mpera~ures in Redwood Creek and Bridge'Creekcor.monly exceed 2l.5°C

variation is often about 7°C. In contrast, water temperatures

tributaries in the Park rarely exceed 16°C. Diei variations'

usually not more than 1.5°C. Upstream,reaches of Redwood Creek and



-: dissol vcd

..'
"

~.~\
Nearly &11' of the detailed chemical analyses,

~~974) for specific conductan~e, ~J

These waters'meet 9r exceed the ,,?ater quality objcctiv;2S

'.

1973 (fir.. 49), (2) the relation between

solids, essential plant nutrients, and pH. The total alkalinity
O-Te..

capacity of this stream ~ low. Additions of small arr;o:J:1ts

QUALITY

for most pur;oses.

solution characterized by·a predominance of calcium and

the .suspendcd-sedi~ent 10ad~ This'load is comj)uted fro:n (1) the

between spccif ic conductance and' st ream disclla rse for \,-'at cr yea rs

The altered pH in turn could have undesirable effects on the

California Water Resources Control Board,

In terms of major dissolved mineral constituents and essential pj~nt

The water of Redwood Creek at Orick is a dilute, neutral to slirh~ly

acid or basic solutions to the. strca~ could, therefore, rapidly 3Iter·

utricnts,th~water quality of ~edwood Creek i~ apparently quite good and
i. .

a'or Dissolved Constituents

~". .
owever, have been}obtained at ~he gaging station at Orick (U. S. Gco10gic~1

j
~ .
urvey, 1959-1966; California Depart~ent of Water Resources, 1962-1973),

ll\
~\

~. . Th~ ~vcragc annual dissolved load pf Redwood Creek at Orick during
5
',ater yeaTS 1971 through 1973' (the pcriod oC s\1spended .. scdirnenr. n~cords)
lij , ,
........ . ' 1.'
f:ls appaycntly not more than 62:,-.G£l:~);;"S (56,660 tonn'c) or 225 tens per
i '. . ' . ,,, .

,quarc mile (78.~' tonn~ per ~quar~ kilometer) which wns only abuut 3~ as
\:. '" . .
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'.Figure.49,. Relations of specific conductance and water
. .- discharge for Redwood Creek nt Orick. Solid

lines are re8ression lines; dashed lines are
envelope curves on data points. Heavy lines
show the 1970-1973 relation; light lines show

'.the 1~59-1962 relation r 2 is the coefficient
of determinntion for the regression line.

'n is the l1t;;;locr of data poiil,tS ~
. . ~ . .



50).

_ from chemical

..
. .. .

sulfate. and chloride minerals in

..'
'.

36, mC:lO value 55%. st.:lndard deviation 4.9~O. Given

This computed dissolVed load probably places an upp(~r

. '

st~eam discharge is apparently greater at present than

existing \.'atershed ~ondhionst the average rate of lowering

aud (,3) the fl.ol.1-durc1tion 'table' for ....ater ye3rs 1970 t~r(Jugh

and specific COlidllclc1ncc for' \.'.:Hcr years 1959 throuGh 1973.

the initial period of data collection at Orick. The increase in

Typically more than half of the total d1550lved load of Red ....'ood

. "

Specifi~ conductance, h~nce concentration of dissolved substan~es,

paucity of carbonate.

formations underlying the Rceh..'Ood Creek b.:Jsin t many' of these anio:15

tbe' land surface by chemical proces£es i~ negligible relative to tl:e

1 • '. •

'ant nutrients in this basin ··TC1;;u~lJ '>'-;;:-';';;';!L' '(;\};<,;;::ated.
. . .' "'" ,. "r. .

re probably derived eit.her directly from the atmosphere or from

~athcring of bedrock (J3nda, 1971). Additionally some

; I

~nst it uents .may be derived from cycLi ,.. :ou~<H:~alts ....ashed from the ai. r.

tmosphere-biozphere interactions. rather than
::

..
\~. .

ate 'of lowering by ~echanical erosion. ~~e 'implications of· the

~solved load for, ~ate5 of c~cmical' wcatheri~G and budC~lS of essenti~l

the actu~l load because the only ~hree points rep~esentins

of sampl es coIl ec.tcd dur.i.nr, \.'.'1.t:e·r yr:~:'s '1970 through 1973 plot

.'0 the low side of the ~ dissolved solids-specific conductance

~eek is . composed of bicarbonate. sulfate, chloride. and nitrate
~.\
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is· most noticeable for .low disch;lrges. Th'is increase I!:

'. "f

~Bsested by cociparison of rel~tions between stream discharge and,
.~ . .

I
[ .
, ecific conductance for the last four years. water years 1970 through

and·the first four years, water years 1959 th=ough 1962, of

~~,

hemical-quality records for Redwood Creek at Orick (fig. 49). Two

~ssible explanations for the observed increase in conductance come

~adily to mind-~(l) increased contact with relitively fine-grained

.
\ luvium arid colluvium deposited in valley bottoms during recent major

~oods and (2) accelerated leaching of soils following vegetation r~moval

~d.. slash burning. Photographic records 5wd observations of resider,U:; and

t.he basin deIl".onstrated the importance 6f the first possibility. ~I~':

of the second possibility, however, remains to be evaluated.

be valuable conslcjering the iii;plications for t.h~

ng-term productivity of the forest soils of this basin and the

:~troversy that presently exists cons{dering the.impatts of forest

essential plant-nutrient budgets (Gessle and Cole, 1965;

1971; Amcr iean Fi?rest lnsti tute, 1911; Pierce and others,

1973; Batcridge, 1974) .

.Limited chemical data .3va.ilable from'tripulary streams" <lnd upstTcam

Redwood Creek indicate that sp~~ific-conductancevalues

\... ith <Jny given strealll discharge are generally higher f.or

;i:I~ood 'Creck ilt South Park b,o\lnda~y than f0l:"' Rcd""ood Creek at Orick
, .
~~' S. Geological Survey; 1971-1973). H01,.-pver. w1th the exception of

more abundant at Orick t' 'the r~l.ative proport ions of

~ious ~"{.'i.lic:lfcon~tiluentsarCLlbouttllC'~amc at Orick und tlJe ~'..HI!:1
!,,' . ' .
),

..'
, '
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ho'{/ever, high water temperatures and biochemical o:<jg:::n

have SU~ller dissolved-oxygen levels that are less than

qr-n

tributaries are more dilute than the main stcm of Redl'/ood

, "

,Dissolved-oxyge·n values presented in figures 51 and 52 were collected

t~s ~ith the ass~stance of S. D. V~irs, Jr., of the National Park Service;

i determinations were made at the' collection site using prepackaged ch2mica1

The ~ntire drainage net of Redwood Cr~ek is characterized by steep

l~eam channels with frequ~nt riffles and, in the case of ~ost tribut~ries,

~scadcs and waterfalls, which generally' keep the surface w~ters of

~dl·/ood Creek \'lell oxygenated. This is particularly true·during the

':nter storm season.\'/hen dissolved-oxygen' lev·els. are generally at tlr

"ove saturation throughout the Redwood Creek basin (fig. 51). During
"

i . .

emand associated with decaying organic debris and periphyton locallY

dissolved oxygen to levels that may be deleterious to residc:nt

organisms (fig. 52)., Those values are 10"'ler than both the

State Water Resources Control Board (1974) water-quality

and the recorr:nenda t ions of the Comnittee on ~4a ter- Qua 1ity

Even relatively pristine streams such as Little Lost Man Creck
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· Figure 52. Dissolved oxygen data for' Redwood Creek and selected tributaries during
the summer of 1972.
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,I

the n:tldificd winkler tl'c!mi<{ue. Olher d41ta h.lvc been,

periodically at Orick by tIle Cal~fornia ~cpartment of Water

(l963-1972) and at the southern, Park boundary by the

iogical Survey (1971-1973). Dissolved-oxYGen data for Pttrk 'I

the 1973-1974 stol·mscac:onn.;p- included in Iwat5ubo
, .

".;' ':: .....~
!others (1975)".

variations in concentration of dissolved oxygen at many sites

during summer. The greatest diel variation is oLserved on

days in 5tream reaches with abundant ·pcriphyton. Dissolvcd~oxygcn

.' levels at many sites along Redwood Creek range from super-

to less than 60 percent saturated within a single day. Host

of dissolved oxygen, that is values less than 7 mil1igr~~s

are associated with nighttime 41nd pre-dawn observ~tions. These

have been observed in Tlools thrpughl)'ut the Redwood Creek basin

Daytime values as low as 5~5 milligrams per liter are

in intermittent reaches assobJ..;Jteclw.Jth log jums above Snow Co:;;p

and with the aggraded lower ends of parkland tributaries. In gcner~l

.mer dissolved oxygen levels are higher in tributaries than in the
. ,

Although even the lo~~st observ0d dissolved-oxygen

are n'ol in the~selves led,,;1 to the 'organisms tlwt in1wbit

. '. '.
Creek, any reduction inD.:..t:'>I;";';,,;.:~'is<:r< ... cd-o>:ygcn lcvcls is

, '

fish and scnsitivc bcnthi~ invcrtcbr~tcs,(Con~ittce on

~r Quality Criteria, 1972). Incr~ased water tcmp~r3turcs lead to
~ .

, ,

tC<Jsed metnbolic rates <:Ind incrca!icd oxygen ,dcrn.:md;' thu5, the persi~tcnt

water tcmperDt~~e ~nd row dissolv{~d'-oxygen coi1cc:nt r:lt" iO:1
.. .. .

burJt:ll~j{/::I~' fUl- many oe thc' ,nativc ~1qU.:Hic ol·r..)nis~~ til)'
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Red ....·ood Creek basin i";l~,;;~·,,h~r than in sur:uner (fig. 51).

action by early winter storms .

fall from riparian alders and maples does riot seriously

.
to Hed',./ood Crpck by :Its t:l.1jor tr,ibu,taries during sur

may be important in sustaining some organisms in the l.lin
\

dissolved-oxygen concentration of surface waters; the

,'. In winter dissolved oxygen-eoncentrations and levels of saturCltia:'l

vember and December observations in figul-e 51 were collec.ted when

"
it of the leaves had fallen and had started to decay. but prior to

I
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The ~parcit~ of ~quatfc,pJantsthio~ghoutmuch

C~eek and its tributaries is a valuable and interesting resource

frequently overlooked because of the magnificence of the adjoining
, "

sites in the Redwood Creek b~sin. Rooted aquatic plants are

·th~ basic trophic level of th~ aquatic ecosystem. are not ~bundant

"

During the stonn-runoff season fe~ stable substrates

and' even those are subjected to severe abr'asion by stream-sediment

'liThe diverse aquatic ecosystem characteristic of Pal'k reaches of
~. . .

~he types and numbers of ,::;:,;i;lrctt5()\J;l,:ti:r:,;smS that inhabit, this

~n appear closely controlled by the stream's sedimentation r~gimen and

light reaching the stream surface.

t' ,Attached diatoms and filamentous alg~e (per'iphyton), corrmonly con-

~Yin~' 6rganic debris.
i '

;he b3sin ~\J~scst5 that tetrestricil plant detritlls Illust be an il'1i;Jort;;!li~

,'res corr:position and biomass of thec:rqllaticplants in these streams

been determined. Along unlogged tributaries, periphyton are

concentrated at sites Hhere,thcr,:anopy,'vegeta'tion has .been disturted

or landslides. 110re pr~riounccd accumulations of al9::e

:coml1only observed dur'ing 1m', di?charge periods ,in Some slack \-later pO:Jl s

!·;nattiveanabranchs along wid~a9gnnjed reaches of the milinchilnnel,
\ " " . .., ...,. .

·in ,shallow streams flO\·dng through recently cutover land. Particularly

filamentous algae appears to be ass'oeiated with abundant

Dense. tall rip~rian vegetation cDupledwith f~equent fog nnd

the amount' of 1i ght reac}l1ng the \·,a ter surface in rna ny

yow stream reaches especially in the northern part of the basin. The
" "
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Similar collections were made in the su~~er

,I . • .••

"

..

. . ;

. '. ".

. .

and others (f975, Table .13) ...

i

~se marked'diel fluctuJtions in the concentration of dissolved oxyg~n.

r:e pools and shallo\" riffles that support lush algal grO\'/th go dry
~. . "

{year~of exceptionally flow, such as 1973, and leave behind unsightly,

.!l-~melling mats of decaying algae.

~ .

~ntification and counting.
i

coll ecti ons (each composed of th}'ee one-square-foot salrip 1es)

.im 'Redwood Creek and its majol' tributaries downstream from Devils Cl'·cc(.

re made during the surilillel' and \'1inter' of 1972 (Tubles 12 and 13). After

king .each sample, the entire contents of th~ collectioll bag (including

and o~ganic debris) were placed in wide-mouth ~lass jars,

isopropyl alcohol, am! mailed to ~1, Broc.l:sen for separation,

~1973~.but only two sample jars were not brckeri in transit (Table 14).

fe'~omprehens~v~ collections ~nd analyses of benthic invertebrates .

.':ing in the Red\'lOod Creek basin 'during the autu:nn of 1973 are prescntt2c

, .
~. The aquatic insects. and other benthic invertebrates that inhabit

. ~ streams of the Redwood Creek basin are an important sou~ce of food

r amphibians and fish. Direct visual observations and forty-th'o
~},. - .
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~~
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r ~~rrldJ ..,
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Organisr.1s are most abundant and diverse in open reaches of

like Little' Lost ~1a"l C,rcek,.. with.:stable:'couble riffles, and
. . . . ..' '.,

in 'either the pools or·g~avel.interstices. Organism's' appear

fn lo\'/er Mi.1Jer Creek in 'the'summer of 1972 'is perplexing because it

. . , .

stabundant and dive~se in thos'e '~'t~e'c:ms, like 1·liller Creek, that display
.. . . .

earn b'eds \·lith·abur.dilnt silt, sand,.·andfir.e gravel thJl are set in Illotion

,,ing. m~rny:winter stonns. The nearly:complete i3bsenceof benthic inverte-

. .

. Ins~cts, such as may flies' (fE.!l!~lleroptt~ra) and c~ddis flies

~ico tera)that.are particularly sensitive to.tem~er~ture, dissolved

~g~n, and pH have been found in all strean~s~mpled in the Redwood,.

ner.ally higher and more diverse than in 1972, and that.profound difference

~tb~sample densities no longer existed between the main channel and its

although often in only limited. nu:nbers. The 1972 data

\gest that fo11m'ling the major floods of January and '·larch of 1972,. . .

" . Available data suggest that the grain size' and relative stabil i ty of

. ,. .., . .
(Table 14; Iwatsubo and others~ 1975, Table 13), 'in contrast,

fOlJowing th~ moderate and low flows that ~revaiJed throughout

~' 1973 water year {Table 3), the,number of 6rganismsper sample were
~ .

. .

estream bed, sunlight (insolation), and perhaps \'I'atel~ .temperature are

controll ing the abundance of benthic organisms in the Red.:ood

: . .
. r benthic invertebrate .fauna of the tributaries was larger and more

1erse than that of the main stream (Table 12). Winter benthic invertebrate
! . '

#:.

unas in tributaries \'/cre muchmore'limited t'han those of swnmer (Table 13).

.~'

·~~:ttlt '. ,:";' . .

;;i~n~,S..i n such marked contrast to n~a.:b'y' .str.eams ~.. ~~ch ~SHayes •. Cloquet,

,,1 a ~ Hier Crc2Ls, t.hJt displi::ycd. at ~~c time of ..Stu::pl ir.gsirnila,r \'latcor



concentrations of dissolved oxygen" and indications of

:eam-bed instabtlity. However,atthat time, bars of poorly sorted fine
f
~el with a muddy matri~. mud layers in pools, and raw eroding stream

some\'/hat more Jrparent in park reaches of Hiller Creek than

reaches of neighboring streams. The abundance of these

that the bed of r·'i 11 er Creek was aHer-ed more by the

:uary and ~1arch 1972 storms than those of its neighbors. Although the

jeased alteration ~as apparently not great, it may have been sufficient

cross a biologically crit'ical threshold.
l

f In orde~ to check on potential chemical toxicity as an explanation

; the pa'ucity ,of benthic organisms in r:1iller Creek in 1972. t\'/o sediment
'\ '

"ples \'!ereco11ected in the fall of 1972. These samples contain~d no

ectabletoxic chemicals other than trace amounts of diazinon (Leon S.

'hes, \'lri.tten commun., 1972). Diazinon is not a chemical that is

~ally ijsed in forest management; thus" the trace amounts may represent

However, during the five and a half months scparat

'the time of sampling from the most likely time of introduction, dUl"ir:g
I • •

., winter and spring storms, the, toxic substance(s) could have been
',l

's,hed frorll the sys tem or chemi cally a 1t'el~~d. '.

r The'benthic invertebrate fauna in the Miller Creek samples during
t
;';sulT~l1er of, 1973 increased mJ rkedly re 1ati ve to the sumner of 1972

,le 14,; Iwatsubo and others, 1975 i T~bl~ 13), but remained s6mewhat

- .than; n, sampl"es from nei ghboring streams.

218
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State University at Humboldt y'eports (oral comm., April 1973)

of recent ti:;,ber t'.arv€st i'n~H of the sampled drainage
is indicated in Iwatsubo and others (1975, Tables 2 and 3).

sin.. To the' b~st of o~r knowledge, however, a systematic survey of

~servcdsalamanders and frogs along these streams and, in adjacent moist

jarian,sites display striking color~atte~ns~others display coloration
1 . ' .
~';

.
.Comparisons bebJeen the benthic faunas . in rccentl.y logqed and

!lo9ge-d tributaries in tile Red"lOod Creek b~sin.!! and similar data from
~':

he Casper Creek study near Fort Bragg, California (Hess~ 1969) suggest
Ii •

,.

~nthic invertebrates increases or re~ains co~stant following logging.

onetheless, any change in the corr.position of. the benthic inveterbrate

serious impuct upon higher or9anisms by forcing chan9~s

< their feeding habits ( Hynes, 1970., p. '?09-2l0, 444-445). For exc.r!1ple,

such as midg~ larvae (Diptera) that live in sand or

~ stre~mbeds are not as available to fish as mayflies, caddis flies,

~ stone flies that live in gravel streambeds (Phillips, 1971).

An irit~resting and diverse a~phibian fauna occupie~ a trophic level

'termediate between benthic invertebrates and fish in the RedvlOod Cree~':

'~t blends in well with their surroundings. Professor Rudolf Seeking of

:a~ following logging the number of diffe~ent types of benthic inver-
;' 0

~brates in a drainage basin is ccnrnonly reduced more than the total
F
"undance (bicmass) of' organisms. In some cases, the total biomilss of

'is basin's amphibia has not ber:n l113de. Some of the morecorrrnonly
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h"Jrvest. Horeover ~ we have observed abundant tacillcle~

r limi tednulIlber of fish spccic~lnhabit Rcdwood Creek

uncommon tailed frog (Asc.:lphus ~i) is,of particular·

recent clearcut timber-harvest units •. The i\r.lphi.bianf.-:un:l h'i:':

have to be inventoried. and the envi.ronmental tole'rances of

species in ....'hat would appear to be p:Hticularly undesir.Jblc

trip:llong the lO\Jer reaches ':.:" llDrr)' ~!icr Creek•.The ....'ide

to naturalists because of questions raised by its trans-

distribution i.n relation to disrcr~al pattcrns. Professor

and his associ,Lltes belicvc that Amphibia tadpolcs, especially

and his associat~s observ~d .~Cl

in maritime an~i:iS of cO<:lst~1 Humboldt County, !'scClpnus is reason«bl)'

Ascaphus population are controlled l;rgely by .,'ater temperature 2:1d

A

other cO<1stal of the rcd-..:ood
..

(Dl.:\,~i tt • 1964). Thc fish~trcums region
,.':

obzcrved along the mai:t ch~nnc'l of R£>d .... OCld Creek during

of 1973 \·,I(,·.re small schoo·ls of ~ticklcbacks (G~ster()stcus
. of

~-t-."-\A4:'i'.. Hostll1edwuod
, ~l).W\t \?

,~crved in alcae-~hOked. pools along severely ag~r~ded, debris-clogg0d

e individual species ascertained. before the potential impact of
" . .

.1': •
abi,tat ·n1che~ •.lith extreme diel fluctuations in temperature and

t' ,
~ssolvcd-oxygcn concentrations. Tadpoles arc often the o~ly animals

~. .
. ose of A~carhus tru0i. may be intolerant of increases in turbidi~y
'I, •

f streambed instability. Other \Jork (Burry, 1968), however, sucgests



arc<:Js in the Re.d\,'ood CreE:k basin nlore desirable' for silver
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ecrinomical1y valuable species.

fine gravel because / intenscly and

"

being the

of pools and dcc're<lsed gr;lin~size of 'bed m.aterial

the amountof potential spawning and rearing habitat for

a~ong Redwood Creek relativ~to what. it was in 1965.

finc scclinlcnt (very (ines:md; 'c'i'lt, ~iay) and organic

intensity of bedload xr~nsporl, and (3) iricreased. . '. . ' . . .

for chinOok s~lmon. T~c Californin Department ofFish and

estimated thac in 1965 within the Redwood Creek basin th~re. . .

and 9ti 5tr~~m ~ravels during ~~c~aninG stages of
of I '.' ,"

The ~mpact.l c;trearn scdirr.cn·tation .on ..sp;wninC gri:lvcl5 is

~ombination of. 1972 floods an~ recent intensive timber harvest had

Coho salmon tend to spawn in streas::s vith~!'i.nc:r·gravel than those
. _...... ,,>.t' , \,

chinook salr.lon.

s· re9uction in habita{ resulted from.(l)
I :-

'c 112 miles of potential spawning habitat suitable for steelhead

with. stcclhcad trout '(~~lm6 ~dn('ri), chi~l'ook (or kinG)

llnon' (~c2!~c~t$h.1\J\~tscha), and coho (or silver) salmon

'.. u.t, .110 miles suitab~e for silver salmon, ,:md only 69 miles suitable

'v8.sively fr'actured bedrock occurs ·throughout".the basin; thus, the
~~. . . . ·i~. .

'fn~size distribution of the stream gravel rn~kes many of the' pot~nti3l
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and impedes the exchange of intragravel water with

echo salmon (Holmberg, 1972; Calif. Dept. Water Resources,

..

..",
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salmon species is presently contrary to \':hat one \'/ould ant;cir~\tc

fine~grained character of ~he available spawning gravel. Perhaps

,yO

)1-cxygenated surface wat~r. The organic debris deposited along with

Excessiveafilounts of fine sedirlient have an indurating effect on tL12

~vel. that serio~sly impe~es construction of redds by spawning fish and
".j.

:¢emergcnce of fry. Additionally, the fine sediment reduces the pennerj

After spa~ning, salmon eggs ~equire 50 to 60 days to hatch depend

:,9 upon \'/at'er tcn;perature; another 20 to 3D. days are required fOI" the

up through 'the gravel' and 'become free-swirrm'1ng fry

.e abundance of different fish partly reflects different times of
, . . .

. Cl -'

,a\ming relative to likely times of gril\'e~trilnsporting floods·. Chinook
\ . . .. A
,. . .
lmon usually stal'°t to spawn in northern California streams earl ier in

, ~ fine sediment causes a high biochemical oxygen demand when it de~ays.

'f combination of increased oxygen dEliland and decreased exchange of ~ate

, n lead to low concentrations of dissolved oxyge~ in the intragravel

ter and consequent mortality of eggs and fry.

II ,.Semiquantitative estimates of spawning escap€~cnt (U.S. Fish and

.ldlife Service, 1960) and general observations by the California Dep2~·t-

nt of Fish and Game and local residents indicate that in the Redwood

~ek basih the steel head trout population is considerably larger than

'e combined salman population, and that chinook salmon are much more

undant than silver sa1mon~ Thus, the relative abundances of the two



or more, wherccis young chinook migrate to the OCCJn
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that Redwood Creekhistor~ca1JY supported a significantly

In considering potential implications of these observations.

The precise date of CaldvJcll,.and Burghduff's survey i'J

1972, p. 2). Thus, for a' period of 70 to 90 days, \\'hilc

Obsel~v3tions by the California Department of Fish and Game and loca1

Branch of Environmental Services, Calif. Dept. Fish and Game on

This' report was ,given to the Geological Survey by Don Lol1o'ch, Chicf

e' should recall that they y:eiC rr,Jde fo11o'lling along period of modest

nual rainfall and fEW floods.

~timated spawning escapement of chinook salmon than of coho salmon for

;:

i e young salmon are in the stream gravel, vigorous bed-load transport"

'uch as occurs along Red\vood Creek. dudng most major \o/i nter storms, can
. I '

treambed matcrial, the chance for successful spai"ning and emergence is
~ .

;.

~dwood Creek may also relate, in part, to the fact that coho remain in

.11 large nun~ers of young fish. Because of the extreme shifting of

I

arger run of anadrolll()us fish than at present (Calif. Dept. Fish and Gari,E',

~tter for early fall-spawning chinook, and late winter and early spring-

';

h their first few months of life (Holmberg, 1972, p. 2).

~awning steel head than for late-spawning chinook and coho. Given the

aucity of suitable lm·:-water rearing pools in Rcd\'JOod Creek, the larger

65), and that coho formerly made up a larger proportion of the salmon. A

tream survey by E. A. Cald\-lel1 and A. E. Burghduff in the 1930·s.ll indicated
'~

.hat at that time Redwood Creck Il ge ts a very heavy run of steel head and
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Anoth~r large run of cand1cfish in n~d~ood Cree~

Cutthroat trout aI'C. Lj~,C ~;t"Jn';.'i!1t than rainbow trout.
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:lltho\lgh not a,:ces~ibl~ tc-·'H1~drOmOllS fish bec?use

Witt, 1964). The sea-run,cutthroat trout is a small

, 1/'
the Californi<J Departrr,ent of Fisll I)nd Game- in the do'.m-

15 miles of Hedwood Creek; no c;1ndlefish were seen in

. In mid to late April 1973, "millions" of candlefish \"'E:re

in 1967. Limited· numbers of lampreyS . arc ob~erved

Lampreys
in lower Red\'/ood Creek in the spring.. /:.. ". \,1crc- a popul::;r

and G~~c' on AugURt 7, 1975.

Other anadromous fish in the Rcdl..~ooci Crt:~ck b:lsin'illc1u'de sec:;-n.n

.'

of the indians, but are presently not much valued as a food fich.

Many mil es of. the hcad ....'a t ers of Rcd ....·ood Creek and 50mc of its
I

Field' note' by Dave. Ro[;ers gi\'C'rlto the Geological Survey by

~andlcfish runs are less predictable than the-runs of salmon and

[th'roat trout (SalrTl~ clarki cl;nki), calldlefish or migratory

'i~chon.. (111~ lcicht hxs p';1C if:l cus), and. P;;c:ifi c lamprey .(~ntosph('nus

'cit' family that iz caught by seining. The size and time of occurrence

~ t popular game fish. The candlr..f.i.sl'
i' . .

! obstructions ~ormcd by n~turally occurr;ng landslides and ~ind~al15,
" """ . the ' " .
b:~.. su~t~blc habitat fo(A,piJvoing and)carinc of li:nit~c1 nur::bers oft,. " . .... '.'

Smali. r.::.s{dcnt cu'tthroat trout' (Sal_~ ·cl.,_rki cl<Jrki)

hd. "rainb'ow trout (5<) l;'io r.~:i ~dncri )"'iive in. pools nbovc these
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,"

': .'

•• !".,

.' ~

','

"

: .. ;'

'.' .. ,. :
~,. 'to • "

,.'. '

.......

; ....

-.
, .'

,',
• I •.

, ',' ."
. .' . ,.. '

! • ~. .'. ' ..

. "' .

'. ,"'
.;.' .'

~. ..."..... :

.. .' . ~ .... :.

,be completely eliminated by

...... . .'.
". :;....:-'

. .
'. :.: ~ ". " ~". . ','

~" , ..

'" '..
." ; .

." ;..... :';- . '

......
. ' .. '.., ,

'"

.' ~ .

.. ' ... : .. '. -::.. ; :-."

~ . . .

.' , ." .

225 ," ..

". ' .. ' .

.... "

'.' ,

..
"

, '
" .

... '.

'.. "

the Humboldt'sucker (S:atasromU5 humholdti~~E),

-.

so limited that it could

(Cottus, sp.), and $ticklebDck (Gasterostc\ls sp.) (De Witt, 19(4).

. ".

..
,dent fish species are found along the lower reaches ,of Redwood
~ . .'.

~fishin~or by 16gging-inJuced ~ccelerated 'sedimentation. Other
~ , ,



Lllndforlnsp~'oduccd by various types of hills10pc erosion processes

i
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overall increase in activity can 'be well
. '. J /

available vertical aerial phot.ographs- .

. A few earthflows and slides ~ere more active

...

entire basin up to
nnd includinc the
drainage b~sin of
Lacks Creek

1973. The

, RECENT CHA..'iGES I N HI LLSLOPE EF:OSIO~

Scalc' Coverage

1:30.000 north 2/3 basin

1:45,000 south 3/4 b~sin

1:l0~000 entire b~sin

1:10.000 entire basin

1:10.000 entire"basin

'n'orth li2 basin

l:lO,OOOentire basin

1:36,000 e~tire basin

1:10,000

as part of this study:

following sets of black and ",hite aerial photographs were

visually obvious change in erosional activity is the increased

. .
and 1972 is shov.:non 1: 62 .500 maps prepared by Colman (1973). The

)thc Rcd~ood Cre~k basin became more numerous and more active between

eumented by sequences of

stribution of rna.ss movement phenomena in the Rccl\-'ood Creek basin in



"Of", : ••

A few of the large compcund earthflows show

are also present. New debris avalanches are mostly

far more upon fllivial erosion than UpOll t".LlSS movement.

responsible for accelerated. erosi(jn~ The relative

earthflows appear to have maint~ined a more or less constant

ti::ber harvest and.ro3d.~,.C'p.C"t:,::!">tjor.during'this interval has

aggradation c~n t~igger streamside slides.

Tate of movement. The recent gullies in the earthflows are

of strcCIl!!si.dc rock·and debris $l1dc.s ~loT~g the ~;jin channel of

associated with 1.'8neh c.nd logging roads. The r,ecent large-scale
..

harvest in th~ Redwood Creek basin ~ppenrs ~n general to have

The combinatio!l of four najor flood e\fcr~ts<lnd the initia'tion of

..

Crec.:k <lnd its major tributari ..?s. Thirty slides adju.cent to the
I

channel she.. on 1947 photof,raphs, \Jhcrcas 341 such slide~ appear on

photographs. A large increase in debris avalanches also occurred

such features appear on 1973 photographs. A great many smaller

st 200 feet (61 met.ers) show on 1936 and 1947 photogruphs, whereas

ortance of these two factors is difficult to asseus qu~ntitatively

n8 to their contemporaneous occurrence and complex interaction with

~ent gullies and increased ground di~ruption. For the most part,
{.,

i h other and with geomQrphic processes. ;. However,. timber· harvest h3S

ldiscussed Frevi~us1y, however, timber h~rveit may indirectly'icpact

.on hillslo;:>e stability; strc38bank erosion caused by increased stor.:J



decreases through time with the progressive i-ncrease in
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category was weighted by the number of strearnbank miles

'the lm'pact of:'logging upslope 'from sites. Thus, although

Slides are separated icto thos~ occurrini in areas whi~h

urhH1, ],-)?r,1ng ~,per:ations (H:ick~: ~nd Co} lin~', 1970),.
, .....

area. In order to reduce this inherent bias, the number of nc~

prcvious ins tability and t!lOse' \Jhich were stable in 1947. This

or unlogged at the site of failure in ~r~~r to see to what degree
, ' ~\

harvest and associated road construition have alter~d hillslope

A majo'r problem \dth the co:nparison 9£ sliding history in logged

clustered Dbout the major .flood events of ,1953" 19?5 ,1964, and

""::'-(:7<:,".:;..,::':;,}',:",,:,~:-
:.' .; .

Another major drawback in these'coIr,par.i~ons.is th~t no allo\o:ance
.. ".:. ,....:': :-. '

unlogr;ed areas is that the likelihood of a new slide occurring in an

peedure'may be somewhat m~sleading as ,slide oc~urrence was probably
. .....: .' ".: ~ '.. ", .. ". . ' .

• "l' .. '

:. . ~

is shovn to occur'in an unlogged'arca~ it ~~y' actually have
.. .. . , ... ' .

", .." .
:n triggcrcd by incrcDsed runoff, 'pore ~~~ss~re;~r'secpagc force

. .' "..... . .

~

ldcs' pcr mile was then cocputed' on a per-ycar, basi!? to CODlpct!sate for

~'differcnce in length of time between photo coverage. HO\Jevcr, this

cfuded in that grouping for each interval (Table 16). ' The ni.u:lber of
\" .. ~ .

~para,tion W;tS made because in this type of terrain, slides tend to
" .
fcur repcDtedly at the same locality. ' Areas were also categorized as

The number Qf n~w stre4lm:::id(~,tndcs'along Redwood Crilek discer,J~le

,~ aerial photography for years of aval1<!ble coverage ,is shown in
.~~
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73:' .

47
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, 62.;'
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72
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. ..
Initiation of streamside slides along the'channel

'of'Redwood Creck~ The plus figures with the
brackets indicate slides that occurred b~tween

." ..1958 and'1966; resolution 0Tl,thc 1962 photographs'
''Was not sufficiel"'t to decide \,lhether or· not the
slides were present at that time.

'.

15.

.... :.

1mber ~f.
'ides' in .

'~~ged are~s'

Umber of
~( .
H.des in.'

: nlogged
, ~:. . ". . .

teas'
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1. n 1. t 1. a tf em 0 f 5 t r e .1 r.iS ide . ~ 11 des pc r ra i1 e 0 f 5.,. I': ~. d •
~l rc:nmb;Jnks in lob!~cd <Jnd~n)ogged .lreas .,fJjacclic
to Redwood Creek.

~lidcs/ch~nnel mile
in losged areas

.00
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.89

~81.

.34

.15
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.00

Slides/channel mile
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Total slides/channel mile
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"58

"62

66
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stream sediment 1o·ads • those numbers do suggest

I

We adopted this'

. ,

to try to isolate either one of these factors ilS

'. !..: ..~' .

permit quantitative assessmento{ the erosional' impac~ of

~lIc'196·~ noJd. fUI·th~~r;".'·(I, on a rr:':"II!:ll2'b4lsL,!:lighti.>' :',:'
"., • ,,; •• I • • ••

Unfcrtunatc'ly, Tab1c~ i:' ,andl'ri:l is t only s1id~s '\-:here 11l0Velr:cnt :.:.:; ,

, . . .

, Although the shortcomings associ~tedwith the numbers in Tables 15

o,11uviUlJ) that had accumulated during the'" interv~L

f major floods since the late 19th century to do the greatest amount

f damage to riparian hillslopes and to remove ,large quantities of

" '

e dominant cause of streamside sliding., ,for.exumple, they indicate

sliding cc~urrcd during the 19tB-1962 interval,

evcmt's occurr~d ~~' d'ui-ing' the ·1962-1SC.G i::criod'i·. L
:;.

16 new slides along Redwood Cr~ek, but cause~ nearly 100 existing slid25

increase in size or activity (Colman, 1973, fig. 25, p. 110). '

The 9,'ea tes t number of new s 1ide's per mile ofstreambank occurred

~uring thel~!;7-19~8 interval (Table 16). This may reflect either the

occurrence of the 1953 and 1955 flood events or the long period betwe2n

It would be reasonable to expect the first of the serie~

{

slope failures. As a result the ~loQds o~ 1972 triggered not more than
"

I

'of streambeds, old slides, and so forth) had already experienced recent

"

,without existing active slides is continually decrea'sing. For example,

.another bias may have been generated, in that the number of channel niles

:procedure because not all photographs were available for ~imu1taneous
",\' . - . .., .: .

~omparisons at the time when we had access to the 1962 photographs. Thus,
~ . . .

i1nitiated in a given interval. Hany existing slides r.la¥ have increused
{. .

,in si,zeor activity during a particular interval.

;, .

.by 1972 most of the streamside area~ that ,,{ere·prone to sliding (outsides



"
'lidin~ ~/as initiated in unlogged a"'£:I)s than in log!Je~'areas durir.g i:!j~

1962-1966, ~nd 1970-1972 intervals .. From 1972 to 1973 all

occurred in logged areas~ This may indicate that the impact
".:'..

;f the 1972 flood was felt most in these·'areas, but the sample size is

robably too small for definite conclusions.'

The total volume' of material contributed directly to Redwood Creek

streamside slides' in' recent years\'/as estimated by Colman (1973,

I) to be about 1,396,400 cubic yards (1,067,700 cubic metres).

that the sl.ide debris has an average bulk density of about 92

,ou~ds per cubic foot (1474 kilograms·per cubic metre), the total mass of
I . . .

. hi.s· slide debris \\'ould be about 1,734,400 tons (1,573,400 tonnes).
" . . . .. .

tost of this' material \'/as eroded bet\'/ecn 1964 and 1973. The total

·uan.tityof sediment provided by thes~ visually obvious features over a .

\ ine':',)'~ar period is, th~s, not more tha'n 80 percent' of the average annuc< 1
j .

uantity of silspendedsediment to move' past the gage at Orick during
c. . • • •

~jl-1973: Theref6~~, although the streamside slides along Redwood

. eek do contribute substantial quantities of sediment directly to the

~ann~l and a1':ter local 'channel geom~try, they Sho~ld no't be considered
' ..

~d6~inant sediment source .. Int~rpretation tif aerial ~hotographs led
..

he U;S. Department of Agricuiture (1970) to suggest that· between 1941

~d i965 all slid~S (not just streamside slides) in the Redwood Creek

'~sin accpunied for not m~re tha~ 27 percen~ of the total stre~m-sediment lead ..

·.The·approximat~lY1160 miles'(l770 kilometres) of roads and 3000

~~s (4B25'kilum~tres) of skid trai~s that~xis; in the Redwood Creek

,~in haves~rious1y impacted upon hil1s·lope eros.ion. Except for 12 rni1~s

1.1·t)Cclltly.reloc~ted State l!ig!\·.·!JY '299. most of th~ roads that ItJV(;;. .
,'·.~'\'ated erosion \\'«:l'L' CCJII::t·,'uctt;.:! since 19!17 pr'irll<,i"ily t~ prOV1Ct' ,.' !'.'
'; .. . . . .

••0 ~

l:i:I~$ 'and tii,·:·,,::}·,..h·J}·/ .... ~ ..t; I'lli t!.·\ .roo::· l~~~:~~l. ':{' ···:I.r·'\·.:;,~ic!o ....1ides .;~ ...
It ° 1 •

I :.
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into smpll drainages vhose capacity· is exceeded during

... ,"
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"
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.' ,

Trees Flat; the~ld M-line logging road has failed in

were c<J1I5cd i,n p.Jrt ~y road construction. Num~rous :,1:;1:]

by these types of failures ~ TWo additional forms, of

slides whose head scarps are aligned along old loggj.ng roads.

sliding and gullying is found along the Redwood Creek trail

~f oversaturated soil conditions to cause failure of already.
slopes.by slidi~g or slumping.

is contained in Colman (1973).

in some cases. the impact of these roads may be as important as

pl~ces to produce a'line Df slide~ an~ deep gul11e~.

of toe support by the st·ream. Another example of road-relat ed

A more detailed discussion' of recent changes in mas.s movement;

The headwater reaches of Redwood Creek show a series of

arms (fig. 7). Road-concentiated ·drainage also may increase the period of
'. '

. .
li b~ i~dividually insignificant, the sum of their impact is substantial.

liding of water-saturated colluvium. Deep gullies' commonly form when runoff is. , .

Road' construction is associated with nurnerous small .slumps and

i.'ides in cutban!<s and road fill. Most road-related debris avalanches

~ilures oc~ur,~l~n&most roads, and ~ltho~gh these slides an~ gullies
;.. . ..

'ilslope erosion are triggered by road construttion--deep gullying"and
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1975) have been used. for'refer~nces and to interpret short-term

01" ..Ii d2 allL'viatc9 rcach.
'. ..

" 234
; "..'.' , . .. .

.
of this rcach. The canopy \'Jas b."oken .'only locanyby a stream-

In respon'se' to the recent major .floods arid intensification of

. .
stratigraphy, historic land surveys, and interview~ with 1bng~term

, In 1947, Redwood Cr~ek, above State' Highway 299, was characterized

~ narrow sinuo~s channel (fig. 11). A closed vegetation canopy existed

RECENT CH,\NGES IN CII/\i.:~EL CHJ\RACTERISTICS ALONG RED~'100D CREEK

ritten communication, 1975) ..

Time-sequentiai aeri a1 photography, stream-gagi ng 'records, stream-

con:parab1e channel-geometry changes have occurred on

[,'e .Middle FOI~k Eel River (Knott, 1971; J. C. Fraser, \'Jrit'ten co:nmullicution,

")5), Trinity.River (Knott,19741, and Van Duzen River (Harvey Kelsey,

~tics and sedimentation processes of Redwood Creek have changed

"rastically in l·ecent decades. The major changes .appear to be .(1) channel

. . .'

sidents hav~ been utilized in an effort to document these changes. Monu-

: nted stream-channel crosssectlons established in 1972 and 1973 (Iwatsuho

. , .
~gradation and,gravel-berm deposition associated with major floods, (2)
~ . "

,ncreased numbers of, bra i ded reaches, (3) inc reased channel wi dth, and

4) decreased averag~ size of streambed material .. Hany of t~ese changes

be seen in the mpunted stereo pairs of aerial photographs in figures 11,

18, and 19. Attend~nt to these changes in visual characteristics

.~ .an increased frequency and intensity of bedload transport. During this.. '

r
!' •. . •

·imber harvest. described in previous sections, the channel character-
~f .
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(figs •.18 'and 19). Some patches of alders and shrub

, , .
I

'.
23:;

..'
'.. '. "

'er'ating during major flood events in the late ninet~enth century. The
I . .

r. " .
flod of 1891 to 1953 \'/aS a time of moderate peak flO\'/s ,in the Reu\'/ood

~ek basin and environs.

';, .Be1o\'I Copper Creek the, channel and flqod plain of Redwood Creek

came\-lider,.cfig.16). then abru~tly narr'O\'Ied in the "gologell areCl (fig. 7).

~ finally broadened into the wid~ alluvial reach above' Bridge Cree. From
~\ , ' , .

fdg~,Creek to'th~ mouth ,of Re~w~ud Creek,the 1936 'channel displayed
. .. . .
, '

red,ominantly braided channel on an inner flood plain gener?,lly devoid

~he heights of ~hese conifers were estimated during stereoscopic
,'. ':
i

'mtnati.on of ,aerial photographs by compurison \'Jith the height of an
l' . .. . .

building still standingi.n the Mino'r:' Creek area.

e channel and flood plain became narrower. (fig. l~); braided channels

~re virtually absent from Lacks Creek to Cooper Creek.. ..' . . .

In general, the' flood-plain morphology exhibited in 1936 and 1947

~ve Cbo~er Creek resulted from mod~rate channel incisi~n irito a wider
•
:'pe'r flood pl~in., tne morphology of \'Ihich may ref1.ect· geomorphic proces~es
,

In 1947 and 1936 Rect../ucd Creek bet\r/ten Hi gln'lay 299 and Lacks
, ,

\ . .,

~~ek was pred6mtnantly a ,sinuous str~am moderately incised into a ~idC

,iuvia1 flood'piain (fig. 13). ~'any areas of this flood plain containcd

ru~dant vegetation with many 10~ to 20-feet (30 to 61 meters) tall
r 11
~ifers. Conifer growth ~as not restricted to the edges of a1luviated

also lined tne narrmlcr active channei. Be1uw Lacks Creek
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occurs~during moderate high flows and is followed by

scour during the spr.ing and summer months in a normal water year .

, "

radation were associated with the f1o~d events of i964 and 1972.
1\

thalweg elevations, deposition of large gravel berms, and a large

tease in strearnsideland sliding.

. . .

'man; fested in increased channel wi dth, inn"eases in mean stream-bed

Recollections of 'residents and workmen, sequences,of aerial

bt6graphs, and stream-gaging records suggest ~ha~ beginning in the

~-1950lsthe active-gravel inner f1~od plain of Red\·,ood Creek sturted
I
~aggrade, to erode its banks actively, and to shift across wider

"as of its former flood plain. This change in channel characteristics

'~GES IN STREAr,mED ELEVATION

~the main channel indicating inhel"ent chanoel instability during this

(fig. '19), even though no major floods occurred•.

.
'd Qc;ci\r larson in 1946,1947, and ~951 sho..., a gO-foot lateral migration

Stereoscopic examination of 1936, 1947, 19G8, and 1974 aerial

.':tographs, gag~ng-station records,I,and stratigraphic evidence indicates

't,. except for areas near Ori ck' and bet\'/een Lacks Creek and the mouth"

he' gorge above BrHlge Creek (reaches 4,' 3 and 2), the channel of
. . . .' '. . . . ."

wood C~eek h~s aggraded considera~lY since 1936. Major periods of

"/ere' present nn mi'dchilnncl bars ncar th: :n Trees' Fl at

id on ,a,bandoned. parts of the 10l'/er -4 'r.liles of chf.j,liel ",here the

'dth i~ great and' bra5dina is predominant. 'Land surveys by Harry ~!p; r
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In general,' Redwood Creek app~ars still to be flowing. " "

, '

, "

comp letely fill ed the former stream channe1 and spi 11 ed

edwoodCreek but such depos~tion'her~was not nearly as voluminous

: ul'i n9 the 1~64 p~r'i q'd. "

These empiric'al. photo-interpretive observations are supported in

fashion by the history of the gaging station on Red~':o:)d

cars. to have acc6mpanicd the 1972 floods in these headwater reaches.
I. ,

. .
,rounded by the abandoned grav~l~filled former ch~nnel, and the new

'.' .

- ' .
:a higher level than prior to the ,1964 period" Some gra'('e1 deposition
t .' •

lly display ?OO to 300 annual rings~ The gravel supported many alder,

r I~ places betweeri Snow Camp Creek and Minor Creek recent gravel

c •

t onto extensive a~eas of the former upper flood plain, thereby killing

j flood-plain trees (principally Douglas-fir). Flood-plajn stumps

rone. incense' cedar, and Douglas-fir seedlings thut dU~ilig the SUI;J:lel~ .

,'~974 \"ere rr.o)~e than two but less than 10 ye?rs old. These seedling;,

\ge~t that the gravel was deposited during the 1964 flood. ' Redwood

,locally' i,ncfsed an entirel~ ne\oJ channel through these grayel

As a result~ isolated groups of standing dead trees are often

,lhis area with diameters comparable to those of the standing dead trees
!" • •

The seale and qua 1i ty of the 1936 and 1947 aeri a1. photographs 111;'1~.

6to interpretation of channel ~egradatioTi ,or aggradation to empiricJl

a1itative observations. Comparison of these photos with those of the

," 3' channel suggests a severe reducti onpf' bank he; ghts in some ups treilni

Stereoscopic examination of figure 13 Rfovides some indication

~~ecreased bank heiqht a~d lessened channel incision.
'" - . .



further suggest that the amount of aggradation'
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Kelsey, written ccm-nunicction, 1975). The mean bed elevation

1958. The major 'floods of December 19.64 and JcJnuary and

in reference to the gage datum,' r~ean'str'e~mbed elevations and

, .
of normJl stream-floll mcasurc;n~nt$, chiHlnel crO$S sectivjl~

Lake probably' does not l~epresent the full amount of aggradatioll

during the'1954 to 19~a period Df·~ecord.

(H:ar Blue Lake and by ob~,crvations by r('~i(h..'nts and ~JOd;n:cn, I\~

1972 occurred during the non-operational period of the station;

residents and U.S. Geological. Survey ~ngiheers iridicate that most of

;~ggradation was associated with these floods.'"
': . "

, ' c;', . -. ." . '. . '.'
" Conversation \-lith residents and county road crews in the O' Kane and

he stream gugc record \'o'as re-established in' 1973 utilizing the same
;:. .

e gage cable section are shown in figure ,53 and selected stream-channel

i Redwood Creek near Bl ue lake has risen cpproximate1y 3 feet and the

November 13, 1973 cross section is over 4 feet ~bov~ that

umented by the di 5co"nt i o'uous stream~'cg i'rig reco'rd for Redwood Creek

, , .
all-leg elevations for all r.1easurements made \'litJlin 20 feet of the' Blue
'.' . . ..:,'" "

. ,

ss sections are illustrated in figure 5~. The short-terms 'perturbations

;~ha~nel elevation resulting from normal variations in stream flow as

.) as long-term, net changes can be seen in'botH figures 53 and 54.,

:. Both mean streambed and thalweg elevat,.ions increased appreciably
. '1/

~ou9h the period of record at the station near Blue lake,~ The streambed

evation at the start of the record may have been recently elevated by

radation associated \'Jith the 1953 flood; in the nearby Van Ouzen River

episodes of ~ggradation accompanied the 1953, 1955, and 1964
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Th2 other
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"

.' ' .. "

• :0 ••

. Pronounced aggrJdation ha~ .occ~rrcd··in the relatively .

level than prior to 1964.
,' ..." .....

.'~ ....::. . ,.' '.. . ." .. "

.f, Changes instreartlbed elevation, comparab1e to·.t!wse i·n the upper

~ d~'lDOd Creek Basin, recently occun'ed··~lS~~':her~:'i~.nQrth\'/e'stern

~;ickey (1969) in reviewing the hi'story o~ 10\'/~water streambed

'vations at 51 stream-ga~ing stations in "this al'ea found that (l) 41

tions SllO\ofed recent fill, (2) 10 of tho~e ~tati~.riS experienced three

ore feet of fi 11, and (3) mos t of the fil:'··. w'as depos i ted by the flood

at the bridge on the Redwood Valley road where several re~idents

that following the 1964 flood, gravel had been deposited up to.

e level of the beams supporing HIe bridge deck. In .1973, the .channe1

IllS to IF feet (4.6 to 6.1 metres) belCH the road deck but still
"

up to its 1964 level.

: . The stream bed elevation of Redwood Creek' at two sites in this area

to have aggraded at least 15 feet (4.6 metres) during the 1964

load. One site i"s at a natural s~limmin.g hcle on the ranch of Oren B.
"

t~nkie about half way between Minor Creek and OIKane; this hole had a

above the low

by the 1~6~ flood. By the tin!€! the gage record \'laS re-cstabji!::;/~~j

·(10) of the larfle bedrock blocks that were bl.:'ried uy the 1964 flood

~posits had started to re~ppear. Prior to 'the 1972 ~l~ods the channel

'h~oughout the sixteen mile ,(26 kilomet~r)-lo~g reach 5 (figs. 10 and 13)

'ebleen High':lay 299 and Lacks Creek had inci?ed itself into the 1964

100d deposits to a 'level SOiT:Ewhat' 10\-Jer than the 1973 level. The 1972
L

caused anothe14 epi sode of aggradati on, but the char:ne1 di d



upp~r Vc!!l Ouzcn River basin (Harvey Kelsey. ~"ritten cO;'1[,1uni-
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the active channel. Prominent flood-related gravel'

hov,ever, are locally present alo'ng $Oll~e unusually \·,ide reaches

'Within the reaches of P-ed.....ood Creek in th·~Park. considerable

~el channel dep~sits are cO~~O")Y fo~nd lying upoh thick sections
.... '

tog'raphic, botan;'cal, 'm~rphologic and str'a'~'igraphic eviden,ce suggests

l,owing th~ 1964 flOOd. Other benns appear' to have been depos ited by

some stream bends such as below Copper Creek and near the southern

Timber-company employees indicate that some of these

Ins 'are erosional remnants of bern1s thClt \"ere rwen more extensive

recently' the Creek has significantly aggr~dated. Sequences of

·,1 a1 photographs suggcs t reduct ions i n ban~: hej ghts. ~oarse sandy

ehtion'observee.t on'tl~€se benrs in 1974 s'uggest'that most either

'i,hiated or t.ad additional secliment'dcpos'itedupon them in 1972.

1nstrcam from the Volla Bolly Wilderness Area (J.e. Fraser, ,written
" I

1975). . .. ' "

'Extensive unvegetated gravel inner' flood p1aios, such as those ~

, .
tion~ 1975) and the upper Middle Fork Eel River ba~in in and im~ediat~lj

characterize the channel between -$no\'/ Camp Creek and Lacks Creek,

'e not pre~ent in 1973 between lacks Creek and the mouth of the gorge

souther!. park boundary in readies '4, 3 and 2' (fi gures

,,15 and 16). Here, large angular bedrock.bl"ocks corrmcnly protrude

, ,

°"1972 floods; for exa~p1e, the orifice t~be at the gagin9 station

boundary of Redi':ood r~ati ona1 Park haC; r.lOre than 15 feet

alluvium deposited on.it during the 1972 floods (Gerald

,Lie, 9ral communication, I·larch 1£172). The amount, type. end, age of



. .

loalll and fine sandy 10ilm overbank deposits. L(jc~;'"/ t bet\','~erj..
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. per flood pTainJs~ggest 'that the 'al1iounto"r '~e'ccnt ilgg~adation in
. . " .' " . . . '." '.' . .

.' 0"" • ' ... : •• ": 1 •

Creek' \"i thin the pal~k··as :'of .1973 wasgreates t betl-;ec:n
. .. ..' ..... .

;'. The bul k and. he.; ght qf fl o.o"d-·depos; ted .gra ve 1 berms, as \'Ie 11 as
}. . . .' . ". '. . ~" .' :"., ... '. ..~. ,.' :: .' .. ' .'. :' .. ~:,

.eye·rHeal separation b~tw~en 'the ~h.an:n.e1· ~f ..Red\./Ood Creek. and its
~. .: '.' .. .

.~o~ited "a. re1at'ivel'y thln veneer upon alluvium 'laid down principally in

'964•. Streamb'3nks are clearly defined at m~st sections in this reach,
r • . • '. ,. .' .:

"."
" ... ,".

~d even. where recently aggraded channel de~osits have spilled onto

plains; only the outer edges of the fl~od plains have been

. '.
,·reesFlat only isolated.individual trees. appear to have been killed ~y

",~ecent d.epositi on of coarse-grained all uvi um~ The upper surfaces of
!'} . .

'::early ~l.lof· the ·rec.entlY depositedcoar~e~gr'~ined channel deposits wd
s.!·.: ." . ".. . .
~~ms.bear only sparse young vegetation that app~ars to ~ave been

;( .

:stab1i~hed subsequent t~ the 1972 floods. Nonetheless, many of the
i' '. '. .' "
rees that appear t6 have been killed hy receritdeposition were dead ?rior
~ . .
,,~..

o 1972., so that the January and r~arch 1972 floods may merely have
'. . . .- . . .

ikilled grov~s of alder. maple, tonoak,.Doug1as-fir, and red\',lood trees at
t . .
\'; ..

the stre~mside edges of upper flood plains: Downstream from the Tall

~tl~e mouth of the 'gorge ~nd the prominent b~nd in:medi at~.1.' 'r·strcam .f!".:::;:

fhe.Tail Trees Flat recent deposition of coarse-grained deposits has
l, •
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. .
HO\'lever, streambed e1evat i on and other hydraul i c parameters he re. ,

incised (figure 55).

Quantitative documentation of how much recent aggra,

..
,n fi ow 'patterns caused' by the bri dge abutm.ents at the gagi ng sHe.

'. '.

'arge-sc'ale channel modifications in, the vicinityof the gage by dredging,

ravel mining, and construction of stone lc~e~s together with complexities

Sinc~

onstruction of the levees in 1968 the channel appeal's to have been'
• "f .. \ ","

. "

t~e recent flood history or the re,cent aggradatio'n in some upstream reaches
~. .

(Hickey, 19,6~, P~.E17; fig. 55).' PrObablytheSe'jrtegularities reflect
.' ... ' '. . ~ .

,isplay irregular fluctuations that cannot be related clearly to either
. . '. .' '. .

place is not available for parkland reachcs~ Howeyer. s"JI.':~ 1952 \',hC"n

(j:he .M-line bridge \"as constructed Qcross 'To/l1 ~kDona1d Cl'eek near it's

accumulated in the channel and are threatening to plug cv;~

~letely the bridge opening.

Stream-gag; n9 records shoi" that cons i derabl e channel shi fti ng and

.hanges in streambed e,levation accompany individual flood events at

!Red\'iqo.d Creek. at Orick (for example. see Culbertson and others, 1967,

, ,

frn6uth, RedvlOod Creek in the vicinity of tile Tall Trees Flat apparently
1 . . •

';;agg'raded its bed 'at least five feet (l.5 metres). The stringers for the

~T~m NcDona1d Creek Bridge \·/ere originally set at a height that perlilitted

ta'track-1aying tractor with a protective arch to drive freely under the

remove any storm debris (Oi~en B. Frankie, oral communi

Recent aggradati on by Red\'lOod Creek has reduced the gradi E:l1t

iof the dO\'Jn.stream end of Tom HcDonald Creel~ so that it can no longer

bedload through to Rcdwo6d Creek. large quantities of bed



Figure 55. Redwood Creek at Orick stream channel cross-sections.
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The·size and vegetal cover on flood-deposit('d, gravel. benns a10llS

. ., .

th 1972 f1 oods \'1asmuch 'fa rthe r downstream than in 1964.

'orm rainfall in 1972 in the lower basin than in the upper basin,
',' . .. ..

, .

cd~lOod Creek indicate that the locus of maximum aggradlltion associuted
~ '. .,

:tream shift probably reflects at least, three factors: (1) more intei. ,.-:..

. .

aters during the 1964 floods, and, (3) acceleration of timber harvest

downstream pait of the basin in th~ interv~l between 1964 and

c'

'J downstl~ecJm migration of- sediment origifla11y introduced to the 112,.
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When c6mp~~ing 1936 (or 1947) 've~tica1 aerial photographs with
. . .

~hose taken in 1973. the riost striking and most nCt':-ly ubiquitous

~hange in channel characteristics over the last 37 ~ar 25) years
"

Progress i ve bank .eros ion and channel wi den i ng along Redh'ood C,"eek

indicated by semiquantitative comparisons of sequential aerial

hotographs. These~omparisons were made only at 12 cross' sections where

~rea.mbariks were not 'obscured by shadO\"s and where surveyed cross sectioilS

ia1ibration for the 1973 photographs. The small scale and

I how an .unvegetated gravel plain. Ch~nnel widening has occurred,

continuing to.occur along reaches that have maintained reasonably

bed elevafi6ns, such as between Lacks ~reek ~~d Copper Creek and

ownstream from MacArthur Creck, as well as along reaches that have
. .

icently been severely aggraded, such as those above highway 299, and

,etween the mouth of the gorge and Elam Creek. Interpretati"on of aerial

Department of A~riculture (1970) to suggest

hat between 1941'and 1965 stream-bank erosion along Redwood Creek and
"I- • •

.ts tri butari es accounted for abou~ 60 percent of the stream 's total

(figures 11, 13, 15. 16, 18, and 19·) is an increase in the \'Iidth of

the unvegetated inner f10o~ plain. During this period of time, bank

erosion has clearly been more rapid than bank dep?sition and much

:fparian vegetation has been toppled. Many reaches of Redwood Creek

hat fonnerly displayed a nearly complete 'vegetatjon canopy, in 1973
, .



of a~tively eioding streambanks frequently ha~e tree trunks.

(or) rocks that locally retard erosion. ItActivelyeroding"
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used above. refer to sections of st.reambanks \'Jhere r,lore
':

han SU percent of the bank is comprised of steen'to vertical exposures
~

T 'raw. unvegetated sCdilli:nt or soil \'/i th exposed roots .
• -. • 4o' .'4o • • •

In the SUITl'IJer of 1974. about 53 percent of the streail1uanks

Creek do\",nstream from Rodisc'raft Road were actively' eroding ;11

!.Colma~ (1973'. ApPt2ndix III) indicates that similar conditions prevailed

Again in 1974. 'of 84 streambanks at monumented stream channel

tioss sections along Redwood Creek, 34 showed pronounced bank r~treat

showed ~eposition (Iwatsubo an~ others, 1975. table 4).. ,'... .' ': ~

~' .'
iCreek in 1973 (Colman, 1973) and 1974. and by repe~itive surveying of

stream-channel cross sections (Iv/a tsubo and Qthers,l 975.

,> .

.',associated \'lit~ upper flood plain surfaces rlithin Redl'Iood National Park.

Continuing bank erosion and channel' rlidening are documented by

~field mapping of erosional phenoll!er.~ along the m:lin channel of Redwood

!,

~(5.5 metres). None of the comparative tross sections indicated measurable

?~tre~mbank deposition. si~ showed more~than 18 feet of bank erosion. and

rest sho'('ed no measurable increase in width" Hany sections \'lith

;,~o measurable change. nonetheless. did shO'.'l indications of rfparian

!~egetation having been eroded away. The most severe bank erosion was

resolJtion of the 1936 a~d 1947 photographs. however. restrict

;the precision' of width measurements to about plus or minus 18 feet
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recent chan~es in rate~ofbedload·tran~po~tand of deposition.

Redwood National Park, have been eroded away during the last 37
,.:

: "~.... , .

overba,nk"deposits, comparable to those sites that suppot't the present·
, .

groves, are not being formed. Thus, no replacements are avail(!ble

prime sites that are eroded a\':ay. /\s discussed later in this

'~ction, the predomi~ance of erosi6n over ~eposi~ion and the coarse-grained

/ar/ay and replaced by new ones. Individual alluvial flats in mountain

. ~", .
character of recent depositional landfonTIs along Red\'lood Creek prob~bly
r. ,. . .•". .

Large porticns of the Lipper flood plain surfaces ("a.lluvial flats")

are underla·fn by thick sections of silt loam and fine sandy loam,

.: including those that support the r.1agnific·ent flood-plain groves of .red\'lOods
'"

~valleys probubly persist for not more than a few millennia.' The long-term .

.;preservation of floodplain grove~ of redvtoods along Red',:ood Creek is

presently problematical because ne'il ar:eas' of extensive fine ·grained
,.

Replacement surfaces apparently have not been deposited because

,:the only pt'oriJin~nt recent depositional landforms are flood-rela~ed,

':'flat~toppcd gravel bems. The tops of these ,benns ar~close to the high-

recent major floods; thus, they are not in positions

~tha~ receive frequent fine-grained overbank deposits.

Bank er6sion alone should not be considered a "problem" as this is

natural process. Typically,flood-plain segments are naturally eroded
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changes. ,in di scha rge. ,S'~ream'width, depth, and vel od ty, as

".':." " - :'. .:1
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{., The recent, changes i~ stream-channel georr.~try and bed material along

dW~Od 'C~~ekhave'altered' t'he' m~n~cr'in :',\-;hi'c'h" the': chann~l' cross section

.er~;'ned during'water-dis,charge meLlsul'ement~~ are interrel~ted by three
• .' e··' '

, $ " '. . , '~,

hydrau1,ic formula"e that define the str.eam1sat-a-station
• I. ' ."

~vel i~ more~b~ndant than ~ri6rfo the 1964 flood. Residents in

{~k hav,e nodc,ed ~ recent, in,crease in the abundance of organic dc:bris

,the'channel of Redl'JOod Creekbut'nornajo'r' change in bed material grilin

. . . . .. .

subitantiated 6n1y on the basis of observations and rcco11ections of

'th~ recent" changes in channel geometry. Residents in the 01Kane

'd\:lOod ya,lley area 'rcport that the changes are most noticeable in areas

~re ~el1-sorted, ~obb1e-grave1'riff~~s and (or) pools filled with angular
f . . ' •. . ....

~ck rubble 'have been buried by sandy pe'bbl'e gi~ave1 o,r poorly sorted

aJilnCjc in Grain-she Distribution of Strcar.;br7d Hateriai
~... _-..J
1 . •.

;:. A -visually apparent 'decrease in thc size and sorting of strear;;bed

has accompan~ed'the rece~t incrcuse in bed elevation and chunne1

most reaches of Redwood Creek. This ~hange in grain size can

~. .

,\s'i dcn ts, 'a'nd inspection of early ground photogruphs because no meaSUI'e-

'nts of grain-si,ze'distrib'ut;'on of streambed matcria1s \vere made pI'lor..... .

, . ,

f,blegraVel. . ca~ifornia Department of Fi~hal:d Game (Fisk and others, .

rt66) and many resldents also report that sllt-impregnatec1 sandy pebble
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w =a Qb

: d :: fc Q

v :: k Qm

d =mean depth, v = mean velocity, and Q= instantaneous

, .

Because stream discharge is equal to the product of

depth, and ve1ocityo the sum of the exponents b, f, and m

one. ,Likewise, the product of the coefficients, a, c, and

m.ust equal one.

Discharge measuremants at the cable statibn for the station Red~ood

reek near Dlue Lake \':ere used to define the at-a-station hydraulic

, . . .

e,cause of frequent arti fi ci a1 modi fi cati on of the channel shape. Nur.c-

changes in hydraulic geom!:!~ry have accompanied

changes in channel geometry on nearby streams (Knott, 1971, 1974).

f

'eometry for three periods of l~ecord., The' ~arly pet'iod of record \'laS

an attempt to isolate the effect of the 1955 flood.

analysis sho\'Is' a' trend toward haVing a given discharge 'associated

decreased depth, but increased \'Jidth and velocity. The \'lidths,

depths, a,nd mean velocities predicted by the hydrau'lic geometr~'

,~rmulas for disch~rges corresponding to (1) the daiiy mean disch~rge

(2) a ~lbod with a two-jear recurrence interval are given in Table 17.

Similar analy~escould not'be carried out for either the south2rn

,~ark boundary because of the, shortness of the gaging record, or at Orick
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Chi1nncl geumetry and velocity for H(?t.h'100d Creek near 01 uC!

lake as prcdjcted by hydrau1 ic ~eometry fo~ulas developed

for three time periods 1954-1955~ 1956~1958t and 1973-1974 .

.Va1ues are shO\'m for estimat~s <?~ dai~y mean flow and a flood

with ..a t\'i'o-year recurrence interval .. Estimates were made by

. obtaining these values for the longer-tenn gaging record at

. Orick and assuming a constant unit runoff at the two sites.. . ' . '.'
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concerning increased rates of bedload transport

"

... '

Hypothesis Concerning Bedload As a Cause of~ccelerated.---

Discussi~n~' concerning the' environm2~ial, {mpa~t of increased·1
;;i·
'f

tt'rcam-sediment loads usually concentrate, on' such direct impacts a's
",: . "-"

"I

~~radation of intra-gravel habitat, filling of ppols, and burial
"\

~J . .

prcambank Eros ion

',' . '.
~ deposition as causes of ,accelerated bank erosion that appears quite

of riparian vegetation; these discussions usually

role played by stream-sediment loads in controlling'

~sion processes in and adjacent to streim channels. In environments

".

iasonable on the basis of qualitative and semi-quantitative studies of
, '

¢quential aerial photographs and field:obsel·vation~. The hypothesis is

'pable ~f.. testing by 'future quantitative sediment-budget 'studies. He
I:
rysent it at'this time because it deals \'lith concepts thllt are of central
~ ,

mportanceto many of the key issues discussed in this report.t;, ' : . " ' , ,
f. ",'The recent changes fn channel geometry and str.eamside 51 iding
J; , , "
10ng ,Redwood Creek appear to be closely i~te~related and to involvet, ' ' " '
rocesse's \'lith built-in, self-reinforcing feedback loops (fig. 56).
I:
J?nn-induced lands~ides and gullies add enormous quantities of
I ' , , ,
ftiVelY ~oarSe~grain.ed s'ediment .(Primaril~ pebble - to cobble-sized

i;
~: '

northl'lestern California in general, interactions

H\'leen stream-sediment loads and erosion processes may playa key role

~'t,~e evolut'ion of the landsca~e~ The following paragraphs put forth
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,rubble with a sandy·loaffior sandy clay-loi1m matrix) to'Red\'/ood Creek

Iand its major tributaries; a large ~rt of lhis sedlme~t is transport.~

\

" prima~ily as bedload. Following the introduction of iricreased amounts

, of r~ Iati veIy coa rse- gra i ned sed i ment. ~';~y streams have developed wi do r

:~and $hallo\\'er channel cross sections ("leopold arid '·laddock, 1953, p. 28Ian~ 29 ; Schumm. '1963. p. 1097). Hhen the increased sedimentl oad Is

t more than the stream can transport, as is the'case in Redwood Creek,

I<some of the load is deposited as mid-channe.1 bal's. the stream starts to

f aggrade, and a braided channel pattern develops (Leopold and'others.
~

I f 1964, p. 294-295). The increased streamb~d elevation coupled with frcqu2nt
~, , '

r, lateral shifting of anabranchs accentuiltes streambank erosion. In this

tparticular setting. streambank erosion in al'NS lacking upP?r flood pla,in

.~ tSUrfaC,es cOr.'.'TIonly leads to streamS,ide landslid2s \'lhich, in turn, cause

;: local channel aggradation and def1ecticn., Thus, any marked increase in

(bedload ca~ trigger a rather complicaied scenario.
I
t .In this regard, the' large quantities of stl~eJn:bed I~aterial Obscl~\'ed

"ito be transported in gull ies draining lal'92 cempound 'earthflo,,;. and st,cams

,'draining heavily cutover land in the upper and central ,third of the basin:Imay ha ve ,s Ignifi ca nt1)' influenced ~_ros i ~n ,a1eng dO"lIls tream reaches. Thus,

the'prominence of,bank croston as a s~di~ent source and the present

'imbal~~ce between streambank erosion and deposiiion may ~artly reflect

,recent increases in strea,OJ bedload transpo~~t.' fIn impOI;'tantcorollary is

,that the erosional 'impact of individuo1 la~dslides and timber-harvest units

beyond the boundaries of the'initiating disburb~nce.


