
FLOODS, SEDIMENTATION, AND ALLUVIAL SOIL FORMATION AS DYNAMIC

PROCESSES MAINTAINING SUPERLATIVE ~EDWOOD GROVES

Paul J. Zinke l

There is an answer to the question as to why the redwood trees have
shown such pertinacity of life in that particular environment, where their
existence has been so successfully maintained, where other trees in other
environments have shown no such life persistence. It is because that par­
ticular environment has proved to be peculiarly adapted to the well being
of the sequoia, and conversely, the sequoia especially fits this particular
environment. The l'eason for the great longevity of this forest species is
that in that region there has been a perfect balance between the redwood
tree and all or nearly all surrounding conditions. (Thomas Edison, 1926)

ABSTRACT

New sediment accretion to soil profiles was found to be related to tree ring
growth acceleration in old redwood trees growing on alluvial soils subject
to flooding. It is inferred that the vigor of growth of these trees is re­
juvenated periodically by sedimentation of new soil material that is con­
sistent in texture with past deposits. However, it was observed that drastic
changes in quality of sediment, either due to change in texture, or in organic
matter content, resulted in death to trees on these alluvial flats.

INTRODUCTI ON

The preservation of superlative redwood groves should be based upon an under­
standing of their relation to the dynamic processes of flooding and sediment
deposition which has created and sustained them. Changes in these processes
and the resulting change in conditions in these forests may be counter to
preservation efforts.

The superlative groves of redwood (Sequoia semper>Virens D. Don Endl.) on
alluvial flats in north coastal California are both initiated and rejuvenated
by relatively infrequent flood events. Management and preservation of these
groves must involve a watershed management program that maintains a favorable
magnitude and frequency of flooding and sediment transport. Long-term changes

1
Assoc. Prof. of Forestry, Univ. of Calif. Berkeley. Research supported by
Calif. Div. of Beaches and Parks, and the Wildland Res. Center, Calif. Agr.
Exp. Sta. Proj. 1762.

GBCfq/ ~~/I2,I1IJ411

C:L.sq-s- fjj~~~"/ldUP~~~
/-Jstl.Jh'-#»?~1J fJ~~~
/9g/ 26



in the frequency of overbank flooding or in the quality of sediment may
have unfavorable consequences for the vigor and longevity of the trees.
This paper is concerned with the interrelationships between superlative
redwood groves on alluvial soils and long-term watershed processes.

What are the conditions in which these tall trees have originated and sur­
vived? Can we use historical evidence as a basis for describing them, and
what historical evidence is there? Have present conditions changed and in
what manner? To what extent is restoration needed and feasible if deleterioL
change has occurred? How do we know what conditfons at present may be de­
leterious, and how do we know if our actions are bringing them about? How
do we achieve the proper balance between the requirements of these trees
and environmental processes which affect the areas we presume to manage?

Finding answers to these questions requires a perspective in time that goes
beyond the scope of daily decision-making based on economic and political
criteria. It means assuming a perspective with a breadth in time comparable
to the age of the trees. Frequently when we live and work in close associa­
tion with the redwoods, it is difficult to maintain this perspective.

REVIEW OF PAST WORK

An awareness of the need for active management of the superlative groves is
not new. In the early 1960's, Howard Libby of the Arcata Redwood Company
established the "Tall Tree Committee" to advise the company on problems of
sustaining the Libby Tree and the grove surrounding it (now known as the
Tall Tree Grove of Redwood National Park). At that time, the top of the
tree was dying back, and the bank of Redwood Creek was eroding. A series
of steps was taken upon advice of the committee to solve the problems,
including a revetment of a large redwood log against the bank, and moving
the creek to the opposite side of the channel. This was done by excavating
stream bed materials from one side of the channel and piling them along­
side the eroding bank. During a period prior to this, Hammond Lumber Compan:
had maintained the stream on the opposite side of the channel from the grove
This was done by the excavation of gravel and rock from the stream bed for
surfacing roads. Since this operation stopped bed load had accumulated
again and the stream shifted against the Tall Trees Grove bank. Thus the
need for active management based on an understanding of natural processes
continues.

The dynamic relationship between trees and soil of the superlative groves
can be understood only in a whole watershed context. The soil of an alluvia
flat was built up over centuries by flooding, which deposits the silt loam
upon which the tall redwood trees grow. E. Fritz (1934) documented the
history of deposition at Richardson Grove by examining the root system of
a fallen redwood. He found that seven floods at varying intervals had de­
posited 11 feet of sediment. The root system of the tree responded to these
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continuous new layers of soil by developing successive layers of roots,
each developing in what was the surface of the new sediment. Stone and
Vasey (1968) found that redwood roots could rapidly grow upwards to occupy
this new sediment. However, recreational use may impede this. Meinecke
(1929) found that heavy foot or vehicle traffic results in soil compaction,
which hinders the ability of roots to invade a new soil profile. Gravel
introduced for road construction has the same effect.

The deleterious effect of flood-deposited gravels was verified later by
Stone and Vasey in their studies. Helley and La Marche (1968) noted the
relation between a change in sediment quality and the death of redwood
trees along Blue Creek, a tributary of the Klamath River. In Rockefeller
Grove at Bull Creek, the dynamic processes include not only fl ood, sedimen­
tation, and bank cutting, but also fire (Zinke, 1977). These processes
have led to the development of the largest biomass accumulation ev~r

measured: 3461 metric tons per hectare, with a volume of 10,817 m' per
hectare (Fuj imori, 1977). In summary, there are dynamic events occurring
in relation to redwood trees, some beneficial such as floods and related
sediment, some detrimental such as floods with gravel and bedload deposition
or excess compaction of soil.

I began soils studies relating to these problems shortly after the 1955
flood along the Eel River and its tributaties such as Bull Creek in order
to understand some of these processes. This period of time has encompassed
several flood depositions, as 1955, 1964, and 1974 in these groves, and has
enabled the development of a chronology of the sedimentation for slightly
more than a thousand years.

ALLUVIAL SOILS OF THE REDWOOD GROVES

The soil under a superlative redwood forest such as that at Bull Creek
Flat is evidence of a dynamic process of periodic flooding and sediment
deposition. The response of the trees varies. Sometimes growth accelerates
and sometimes death occurs, either by felling the tree due to bank cutting,
or swamping the base of the tree with sediment having undesirable character­
istics.

The flood of 1955 cut a steep bank into the soils of Rockefeller Grove in
lower Bull Creek Flat. I had a large pit excavated into this bank to expose
the various sediment layers, as sho~~ in Figures One and Two. A sketch of
this pitface is shown in Figure Three. Soils were sampled at uniform in­
tervals from this face. Samples were taken to allow measures of the soil
bulk density (over dry weight per unit field volume), and various physical
and chemical properties.

The most obvious feature of the soil was its layering in distinct beds of
sediment deposition as seen in the figures. During excavation in the summer
of 1958, the recent deposit of the flood of 1955 was apparent on top of the
pit. This bed of recent flood sediment overlay at least fourteen other
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F'lgure one: Upstream edge of Rockefeller grove on Bull creek showing cut
bank from which soil samples were obtained.
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FIgure two: Detailed view of sOlI profile which supports the
Rockefeller grove showing successive layers of sediment with
of the 1955 flood at the toP. and the approximately 955 A. D.
sit in the hole at the base.

forest at
the deposit
flood depo-
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FIgure 3: The deep alluvial soil with numerous frood.deposit layers
identifIed from youngest deposit as It and oldest as XV.
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identifiable sediment deposits. The soil was built of a column of sediment
deposits 8.23 m deep, resting upon a stony layer that was obviously a stream
deposit. The dynamic nature of the area was demonstrated by the flood of
1964 which tore another three meters out of this bank, felling a large tree.
I subsequently measured this tree for foliage, bark, wood and root biomass
and sampled it for chemical analyses (Zinke, Strangenberger, and Colwell,
1979). The flood of 1964 left a sediment deposit over the floor of the
grove, and another flood and sediment deposit occurred in 1974. These have
been monitored, and their properties determined. Thus, when one deals with
an alluvial flat even with trees more than a thousand years old, the area
is subject to continuous events of new flood and sediment accretion, bank
cutting, and tree falling. Each site will have its own history, as well as
extreme events shared in common with other sites, and this should be de­
termined where such knowledge is critical to management perspective.

CHRONOLOGY OF SEDIMENT DEPOSITION

The chronology of the deposition layers is of immediate interest, since if
this can be determined, it is possible to characterize the rate of the various
dynamic processes occurring on the site, and the probability of occurrence
of flood events that bring about sediment deposition.

Carbon 14 dating on deposited charcoal was carried out on the lowest of the
sediment layers in order to obtain an age for the entire sediment profile
(Dr. Hans Suess, School of Sciences and Engineering, U.C. San Diego, La Jolla).
Charcoal samples from the bottom of the soil profile indicated an age of
1000 years ~ 100 years.

Ages of nearby trees were of a similar order of magnitude; about one thousand
years, with variation due to discontinuous rings, established by ring counts
on a tree fallen in the 1955 flood. This indicated an age of 960 years at
the cross section at 10 feet up the tree bole. The age of the lowest layer
of this Bull Creek alluvium was judged to be 1000 years, substantiated by
both the radio-carbon dating, and the tree ring analyses. The first soil
layer was therefore initiated by a flood deposited sediment in 955 A.D.

I found that tree ring growth on the trees had a periodic variation in width
that coincided with sediment deposition. An example is seen in Figure 4,
showing periodic aTmua~ radial growth based upon tree ring width measure­
ments. These data indicate a series of intermittent accelerations in growth
rate. Known dated floods of 1934, 1916, and 1861 correlate with the three
most recent growth accelerations as indicated by wider tree ring widths
after these dates. Not all floods, however, result in sediment deposition,
as some floods remove surface materials (Fritz 1956). Flood frequency may
actually be higher than the frequency of growth accelerating sedimentation.

In order to determine the frequency of growth accelerating sediment deposi­
tion, I plotted the cumulative radial growth against time for two trees
(Figure 5). One tree was located at 159 feet elevation above sea level in
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Figure 4: Radial width of tree rings measured on cross section of tree
which fell near the deep soil excavation.
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Figure 5: Cumulative radial growth and tree age from the tree which fell
near the deep soil excavation in the flood of 1955.
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the Rockefeller Forest at Bull Creek; the other was located at 170 feet
elevation, but downstream in the Haas Grove on the main stem of the Eel
River. Fourteen growth accelerations are shown, occurring at time intervals
varying from 25 to 150 years. Table 1 shows the probability distributions
for the intervals between periods of growth acceleration. As expected, the
higher elevation tree at Haas Grove had a longer mean period between de­
positional events. Maximum stage of the 1955 flood was 178 feet above sea
level at the confluence of the South Fork Eel and the Main Fork Eel; both
sites are near the confluence and were inundated by that flood.
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It is apparent that flooding and sediment deposition are periodic events,
the only unique aspect being the length of the expected period between
events on each alluvial flat. This will depend partly upon the natural regime:
of the particular watershed, and partly upon the elevation of the alluvial
flat above the present streambed. In the case of the Rockefeller Grove flat
on Bull Creek, the interval apparently did not change as the level 9f the
flat rose through sedimentation because flooding heights are controlled
by backwater due to the much larger flow of the main Eel level one mile
downstream. This backwater type damming has been described on the Rio Grande
by Kochel and Baker (1982). In the case of the Tall Tree flat on Redwood
Creek, however, the main control is the elevation in the adjacent stream
channel of Redwood Creek itself, as determined by bedload depositions in
the creek.

There is a certain amount of error in the measurement of redwood tree age
due to discontinuous rings (Fritz and Averell, 1924). This error may
be 10% in a one thousand year old tree (E. Fritz, personal communication,
1961). This is about the magnitude of the error in radiocarbon dating for
the same period. The error, although important in exact dating of a flood
year, is not so critical in evaluating return intervals of events.

In addition to the frequency of occurrence of sedimentation events, it is
important to evaluate the properties of the sediment, particularly with
regard to the health of the trees. This vigor is already a problem with
the Tall Tree as indicated by. its top dieback.

PHYSICAL PROPERTIES OF SEDIMENTS AND DERIVED .SOILS

I have measured various physical properties of the sediments and resulting
soils in the alluvial groves along the Eel, and the Van Duzen Rivers. These
properties were bulk density, or dry weight per unit field volume, the
texture as percent sand, silt, clay, and the total depths of deposition.
Sediment deposited in the 1974 flood along the Eel River was measured for
volume weight and averaged 1.27 in Founder's Grove, and 1.21 in Rockefeller
Grove. The sites were not significantly different, based upon 8 samples
in each location. Apparently the value of 1.2-1.3 has been fairly consistel
for the last thousand years as seems to be indicated for the bulk densities
for the deep Bull Creek Flat profile plotted in Figure 6. For this profile
the bulk densities tend to be higher than for most forest soils, ranging

35



0
.

I I I , I , '__ I ___
I- __:0:__ ..

I m
I ------.m

------Jl: .-------
I'"

, 1lI.--- ----
0 ~ :sm. -

~ ..:., =-m-_~_

i- II:

i- ==~==--
XI-----_..-

.(Y' XII

I
------ --

i- -
:JlIl

I-

-- ------
I-

:xnr .,-- --- ---

OC .

... Dr

... -
I I , I -;- ---

BULK DENSITY - gmS/mi.
o 02 Q4 Q6 08 10 12 14 L6 IS

2

10

3

en
Q)
.c
uc

I

i=
~

LaJ
o
d
o
(J)

e

ne .

It

Figure 6: The bulk density (oven dry weight per unit volume) of the soil
samples obtained from the deep s011 excavation in Rockefeller grove.
Origlrtal se~:llmellt initial density after first season settling ranged
frolr, 1.2-1.3.
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Table 1: Cumulative probability of size of interval in years between
tree ring growth accelerations assumed due to flood deposited sedi­
ment at two locations along the Eel River: Rockefeller Grove at ISS'
above sea level, and Haas Grove at 170' above sea level.1i

Haas Grove
years

27.3 48 i
:31 •.') 57 ..') .~

36.5 66.4
43.3 76

51.9 86.4

63.4 98.2
79.3 112.5

103.3 131. 2
148.0 160.8

14 27
24.8 59.1

73.9 97.1

Rockefeller Grove
yearsCumulative

Prob.
% of Interval s

SO

n
mode
arith.
mean

60
70
80
90

>10
-20

30
40

~/determined using Weibull function for cumulative probability. Using
Chi-square, significance was .02 for Rockefeller Grove and .07 for
Haas Grove.

from the 1.2 of the freshly deposited sediment to 1.6 in the lowest layers
under compaction of the weight of the total sediment column. However, on
surfaces which were exposed for longer periods, a surface soil below 1.2
in bulk density develops.

The coarse or gravel fractions were measured in all the sample·s, and for the
sediment additions representing overbank flood stages and sedimentation
there were few materials greater than 2 mm. in diameter. This was true for
the entire depth of the sediment column.

. i

A total of 1212 grams of sediment per square em. of area was deposited
during 1000 years on the Rockefeller Grove soil profile. Figure 7 shows
the cumulative sediment amount during the centuries involved. Despite
widely varying deposition intervals, the slope of this relation is fairly
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Figure 7: The cumulative sedIment weight deposited during the past te~

centurIes at the Rockefeller Grove site •. A value of 1212 grams per cm
measured up to 1955, with last plotted addition in 1964.
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constant. Sixty percent of this deposition material was in the silt size
fraction, or 728 grams. Fifteen percent of this material, 186 grams per cm2
was clay less than 2 microns. The remaining 25 percent was sand (usually
fine sand fractions). Sediment samples collected after the 1964 flood had
slightly less clay content, averaging 13 percent for ten samples, and more
silt with 71 percent, and less sand with 17 percent. However, there is a
large variation within each deposition layer, with larger proportions of
silt and clay in the topmost layers. This particle size distribution of
the sediment resulted in no deleterious effects to the trees at the site,
and was consistent for a long period of time. There is also textural
variation across a redwood flat, with larger proportions of sand near the
stream, and less inside the flat. Those concerned with preserving a grove
for a long period of time on such a flat will need to anticipate a normal
rate of sedimentation of a typical particle size distribution over the long
period of time.

Each alluvial flat will have its own rate of accumulation based upon depth
and duration of overflow flood waters. Of course, intervals between events
will be variable. Certainly watershed disturbances such as fires, and natural
landslides have occurred during the 1000 years of this record, and it is
against this background that one needs to assess the possible effect of man­
made disturbance of these hydrologic regimes. Figure 7 indicates that there
may be periods of increased sedimentation, possibly due to local events
augmenting sediment or to floods that are extreme in stage and duration.
The trees are apparently unharmed as long as they are able to o-cuPY the
new sediment deposits with new roots, and are not physically felled by
bank failure due to stream erosion, or sliding during the flood draw-down
period.

CHEMICAL PROPERTIES OF SOILS DERIVED FROM SEDIMENT

Carbon, nitrogen, and various other chemical properties of the soil related
to fertility were determined on the alluvial soils along the Eel River and
Bull Creek. These elements generally show an increase in amount at the top
of each new buried layer, decreasing to the top of the next layer. Suc­
cessive surfaces of buried layers decrease in total content of these elements.
This can be seen for carbon and nitrogen in Figures 8 and 9. It is apparent
that both carbon and nitrogen are conserved in the buried layers, with an
increase at each buried surface. These darker surfaces of the buried soils
make it possible to identify the buried layers in the field excavation.
Florence (1965) found that the new sediment, although low in fertility, had
properties in terms of microbial processes that accelerated the availability
of mineralized nitrogen and enhanced seedling survival. The various ex­
changeable cations follow a similar trend as seen in Figure 10, except that
there is an obvious zone of depletion of these, and substitution by hydrogen
in the most active current root zone above 2.54 meters depth. The consistent
60% calcium saturation below this depth is also of interest.

The return of redwood leaf litter to the soil surface with its content of
the various elements most likely enriches the present sediment surface as
long as it is exposed during the interflood interval. The extent to which

-this litter return enriches the particular soil depends upon the length of
this interval, again a function of flooding probability, and height of the
flat above the stream channel.
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DEVELOPMENT OF THE FOREST ON SEDIMENT DEPOSITS

Redwood trees produce prodigious amounts of seed. During the redwood ecology)
studies in Humboldt Redwoods State Park, I collected seed along with leaf
litter for several years. Seed counts were made of this material at lo­
cations along the South Fork of the Eel River, with seed amounts ranging
from 2 to 27.9 million per acre per year. However, viability of the seed
is less than 20%, and one rarely finds surviving seedlings from all this
seed production each year in the groves. In contrast, following a flood
year with sediment deposition, an invasion of young surviving seedlings,
green as a lawn, develops on the new sediment deposit under the trees and
as a margin to the grove. Figure 11 shows several age classes of such
seedlings. In the foreground are the seedlings of the 1955 flood, in the
middle the 1916 flood seedlings, and behind, the 1861 seedlings. Figure 12
is a photograph of Founders Grove. The seedling wave from the 1861 flood

, can be seen as a wall along the front of the grove itself composed of seed­
lings from floods of 100 years ago. Inside the grove are a few isolated
giant trees, including the Giant Tree of Founders Grove, survivors of even
earlier historic floods. Thus, the age class distribution within the
superlative redwood grove gives us a clue to the periodicity of sediment­
producing floods on that particular site, important information for the
manager.

However, there may be detrimental effects of some flooding and deposition
in redwood groves on alluvial flats. After the 1955 flood on upper Bull
Creek Flat, we noticed that some of the large old trees of the grove had
tops which were dying back. At the base of these trees we found deposits
of sediment that were very coarse and gravelly, and choked with organic
detritus. This material formed an abrupt interface with the previous silt
loam deposits. Water perched at this interface during the wet season, and
a blue anaerobic layer developed in the leaf litter which was buried there.
The trees weakened by this abrupt change in quality of sediment were finally,
killed by redwood bark beetles (PhZeosinus sequoiae Hopk.). Wherever the '
floods of 1955 and 1964 resulted in death to redwood trees along the Eel
River, and Bull Creek, we found a deposit of coarse texture. E. Fritz
(1956) reported that such a change in stream flow regime may be brought
about by the sudden release of flood water and detritus due to the breaching).
of a log jam upstream. '

A considerable loss of trees may also occur from actual failure of the
stream banks where the stream cuts into such banks, and where quick draw­
down following flooding causes saturated soil to slide along with trees
into the stream. When these trees fall while the flow is still high, the
tree bole is usually oriented downstream and parallel to the bank. Even­
tually such fallen trees protect the bank against further cutting by the
stream. However, this natural tree groin formation formation is usually
removed by the park manager, or if not, by poachers. This occurred at
Cheatham grove on the Van Duzen River. This use of natural tree ~roins

as a means of bank protection has been documented for large river systems
by Framjl (1947).

43

F



.ogy

l2

i-

1

t
d
e.
lly

.ing

Figure 11:Seedlings of various age classes identifying sediment deposits
ill Stephens Grove. Foreground seedlings from 1955, intermediate height
from 1916, and taller saplings from 1AS1.

F1Rure 12:Seedlings from the 1861 flood sediment now forming a wall on
the oLitslde of the Founders grove at the confluence of the main Eel and
the south Fork.
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RELATION BETWEEN WATERSHED CONDITIONS AND THE SUPERLATIVE REDWOOD GROVES

The close relation between the vigor of the trees, the dynamic processes of
flooding and sedimentation, and a thousand-year consistent quality of sedi­
ment free from coarse fragments, or excessive bank cutting by the flooding
stream, is apparent. In the case of Redwood Creek as well as in the case
of the superlative groves on alluvial flats along rivers to the south, the
maintenance of these groves involves avoiding undue changes in ~hese pro­
cesses. The flood events will certainly continue to occur. But the
quality of the sediments reaching the alluvial flats may change. If coarse
bedload material is deposited on such a flat, then the result may be a
serious decline in tree vigor.

The watershed management objectives needed to maintain the balance in sediment
quality favorable to the trees involve two major areas of concern: the
first, the control of the channel immediately adjacent to the grove; and
second, the goal of maintaining watershed conditions that minimize adverse
changes in the flood and sediment regime of the stream.

The immediate goal of channel management needed to protect the Tall Trees
Grove requires an assessment of the problem of potential bedload deposition
in the grove related to local aggradation. Designing the means of protect­
ing the grove against such an event can be formulated, possibly using groins,
revetments, or guiding of the stream to the opposite side of the channel.
A similar problem occurred at Cheatham Grove along the Van Duzen River, where
excessive bank cutting was gradually destroying the grove. The problem was
treated by a series of gravel fill groins extending into the channel,
which diverted the river to the far shore. Sale of the fallen trees from
this Nature Conservancy Reserve paid for the necessary work. Along Bull
Creek, the State Park Department utilized channel clearing, and gabbions
and rock revetments along the channel bank.

Upstream watershed management objectives will require an assessment of
sediment and bedload sources,and the development of cooperative ways of
dealing with a wide variety of owners and land use conditions. I made an
initial determination of sediment sources on Redwood Creek for a study of
buffer zones to the Park (Stone, Grah, and Zinke, 1969). The entire
watershed was surveyed with regard to soil types and their slopes in the
course of the California Cooperative Soil Vegetation Survey, making it
possible to determine where critical areas of high erosion potential are
located. The sediment entering the stream channel is largely a result of
bank cutting and land slides. Sediment sources can be related· to soil
types as mapped along the banks of the creek and its tributaries. The length
of stream bank occupied by each soil type was determined for forty-two and
one-half-miles of banks of Redwood Creek above the Emerald Mile.

These data (shown in Table 2) indicate that twenty-eight and three-quarter­
miles of bank will be actively feeding material into the channel from com­
pound slides. These are areas of the blue-grey colored Atwell and Yorkville
soil series. It is these materials which give the waters of Redwood Creek
their characteristic grey color. - These soil materials contribute not only
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Table 2. Soil types along 42.5 miles of Redwood Creek from the Redwood
National Park boundary to the Snow Camp area of the Six Rivers National
Forest.

nt

, ,

~e

~th

SOIL TYPE

Atwell (823) or
Atwell complex
with Masterson or
Hugo

Yorkvi lle (752)

High Terrace (400)

Masterson (821)

Hugo (812)

Recent alluvial
soil low terrace
(200)

EROSION SOURCE POTENTIAL

Very high potential with
numerous compound
landslides

Very high with compound
landslides

Moderate with debris
slides and bank cutting

Moderate to low, block
slides if dip of schist
is downslope toward
creek

Low-moderate. Debris
sliding if steep slope
or vegetation removed

Low, unless bank cutting
occurs

MILES*
OF

BANK

28.0

O. 75

12.0

43. 75

8.5

2.0

PERCENT
OF

DISTANCE

33.0

0.9

14.1

39.7

10.0

2.3

Ie

*One mile of creek considered to have two miles of bank for this study.
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to suspended sediment load but also to bedload, depending upon the propor­
tion of coarse materials they contain. Stream cutting of the banks of the
hgih terraces along the creek will be another source of bedload. These high
terrace soils are historical beds of the creek and deltas of tributaries
left stranded above the current grade of the creek as in Redwood Valley.
There are 12 miles of such high terrace soils in the Redwood Valley area
in the Beaver Creek and Minor Creek areas. Fifty-two and a quarter miles
of moderately stable to stable banks occur along the areas where the
Masterson and the Hugo soils line the creek. However, about half of these
have slopes greater than 50% and thus are potential sources of increased
sediment if surface erosion or mass movement is accelerated by land use
activities. A minor distance of 2 miles of stream bank are occupied by
recent alluvial deposits which have a low potential as sources of sediment
and bedload. Given this array of sediment sources, the priorities of action
needed to achieve stability of historic watershed processes can be attainted.

Most likely the Tall Trees Grove has a long history of flooding and sedimenta­
tion, as with other similar groves on alluvial flats, and it is necessary to
see that this continues with minimum adverse change. This will be difficult,
because the past half-century has been one of major changes on the watershed
related to human use. As can be seen from the table, more than one third
of the bank length is occupied by soils having a high erosion potential.
These would be critical areas to monitor if it is thought that a problem
requiring renovation exists. This evaluation does not involve tributary
streams, for which a similar assessment should be made.

CONCLUSIONS

1. Each alluvial flat supporting superlative redwood groves is
unique in its history of dynamic events of flooding, sedimenta­
tion, and response of the trees to these events.

2. The effects of sediment deposition may be detrimental or
beneficial, depending upon the quality of the sediment
deposited relative to the ability of the tree roots to
invade this new material.

3. Fine sediment of a silt loam quality is generally beneficial,
while coarse gravelly bedload deposits are detrimental.

4. Accelerated tree growth usually occurs following deposition
of sizable amounts of beneficial sediment, and the increases in
tree ring width can be used to date such flood-sediment deposi­
tion events.

5. An example of such a chronology is presented for ROckefeller Grove
on Bull Creek Flat.
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6. Redwood seedling survival is enhanced by new sediment deposition,
resulting in age classes of trees in the groves dating such
deposits.

7. The history of a particular grove such as the Tall Trees Grove
can be interpreted by means of the sediment profile of the
soil, by the tree ring history of periods of growth acceleration
due to sediment, and by the age classes of trees present in the
grove.

8. All of these indicate a history of dynamic flooding, sedimentation,
and rejuvenation of tree growth on the alluvial soils of the
superlative groves.

9. Management of these groves with the objective of their preserva­
tion must allow for such events and their maintenance.

LITERATURE CITED

Edison, T. A. 1926. Has man an immortal soul? The Forum 76:5 641-650.

Florence, R. G. 1965. Decline of old growth redwood forests in relation
to some soil microbiological processes. Ecology 46: 1-2 52-64.

Framjl, K. K. 1947. Tree groins and deposition. Pp. 5-6, 79-85, Res.
Publ. #11, Indian Waterways Exp. Sta. Poona, India.

Fritz, E. 1934. The story told by a fallen redwood. 7 p. Save the
Redwoods League, San Francisco.

Fritz, E. 1956. Redwood region floods. 2 pp. in Redwood Region Logging
Conference Pro-ram, May 25, 1956. Eureka, CA.

Fritz, E. and J. L. Averell. 1924. Discontinuous growth rings in California
redwood. J. of For. XXII: 6 1-8.

Fujimori, T. 1977. Stem biomass and structure of a mature Sequoia semper­
virens stand on the Pacific Coast of northern California. J. Jap.
For. Soc. 59: 12 435-441.

Helley, E. J., V. LaMarche. 1969. Field measurements of the initiation
of large bed particle motion in Blue Creek near Klamath, Calif.
U.S.G.S. Prof. Paper. GI-G19.

Kochel, R. C. and V. R. Baker. 1982. Paleoflood hydrology. Science 215
(4531): 353-361.

Meinecke, E. P. 1929. The effect of excessive tourist travel on the
California redwood parks. 20pp. Calif. Dept. of Nat. Res. Div. of
Parks.

48



I!'

I;
I:

i
f'
i·

Ii

I
" i

'I·'·.' ,,:
~d

Ii[
I: I

I.

:i

Stone, E., R. Grah, P. Zinke. 1969. An Analysis of the buffer and the
watershed management required to preserve the redwood forest and
associated streams in the Redwood National Park. 106pp. U.S.O.I.
National Park Service, Crescent City, CA.

Stone, E. C., R. B. Vasey. 1968. Preservation of coast redwood. on
alluvial flats. Science 159(3811) 157-161.

Zinke, P. 1977. The redwood forest and associated north coast forests.
Chap. 19, pp. 679-698; in Terrestrial Vegetation of California,
edited by Barbour, M. and J. Major. Wiley, NY.

Zinke, P., A. Stangenberger, W. Colwell. 1979. The fertility of the
forest. California Agriculture, May 1979 10-11.

49----------_1


