FIELD TRIP GUIDE TO THE H. J. ANDREWS EXPERIMENTAL FOREST

Frederick J. Swanson
Gordon E. Grant

George W. Lienkaemper



Table of Contents

Field trip guide introduction .

Field ﬁrip route map

Road log

H. J. Andrews Experimental Forest Geomorphology Field Trip Guide

Site 1: Saddle dam of Blue River Reservoir .

Site 2: Watershed 10 .

Site 3: Experimental Watersheds 1, 2, and 3

Site 4: Lookout Creek Earthflow

Site 5: Revegetating debris avalanches and torrent sites .
Site 6: Mack Creek .

Site'7: Channel and valley floor morphology of Lookout Creek .
References

18
19
24
26
31
34
38
45



FIELD TRIP GUIDE TO THE H. J. ANDREWS EXPERIMENTAL FOREST
International Symposium on Erosion and Sedimentation in the Pacific Rim

August 2, 1987

The field trip today will provide an opportunity to view current research at the
H. J. Andrews Experimental Forest on a variety of erosion and sedimentation
processes and problems in forested mountain landscapes. Since its establishment
as an Experimental Forest in 1948, the H. J. Andrews Forest has become one of
the primary sites for basic and applied forest ecosystem studies in the United
States. Today, we will look at studies of small watershed hydrology and
sediment transport under varying land use practices, larger watershed
investigations of channel morphology and valley floor development, hillslope
studies of debris flows and earthflows, and long-term ecological experiments on
log decomposition and nutrient cycling.

Underlying much of the work at the Andrews is our view of geomorphic processes
and landforms as major determinants of the structure of aquatic and terrestrial
ecosystems over broad spatial and temporal scales. Multiple disturbances by
fire, debris flow, and flooding have left their mark on both the physical
landscape and patterns of forest vegetation. Because our trees are long-lived,
they provide a record many centuries long of forest-wide disturbance and
climatic fluctuation. We thus have the rare opportunity to interpret how
geomorphic processes operate on ecologically-relevant time scales.

At the same time, we recognize biologic systems as modifying the work of
geomorphic agents. You will see examples today of interactions between forest
and stream and vegetation and hydrology. Several decades of intensive forest
management at the Andrews, notably clearcut logging and road building, have
provided many opportunities to experimentally manipulate vegetation and observe
the resulting changes to physical processes.

Our trip today will take us south towards the head of the Willamette Valley and
then east into the Western Cascades along the McKenzie River, a major tributary
to the Willamette River (Fig. 1). The road log will emphasize the development
of Quaternary and Recent landforms in both of these physiographic regions. Our
first stop will be at the Blue River Saddle Dam (Site 1), approximately

1-1/2 hours from Corvallis.
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ROAD LOG: CORVALLIS TO H. J. ANDREWS EXPERIMENTAL FOREST
Gordon E. Grant

Mileage for the road log begins at the west end of the Willamette River bridge
on Harrison Street in Corvallis.

Mileage:

0.0

0.5

1.

1

Cross the Willamette River and proceed east on Highway 34. The
Willamette River system drains the Cascade and Coast Ranges north into
the Columbia at Portland where it is the 12th largest river in the
United States in terms of discharge. At Corvallis, the drainage area
is approximately 11,200 km2. We will generally be following the
river's course south during the first half of the trip.

This area was inundated during the flood of December, 1964, a flood of
epic proportions throughout the Pacific Northwest.

Turn right at small grocery onto Peoria Rd.

The overall impression of the Willamette Valley is of an extensive
flat-lying surface bordered by the Coast Range to the west and the
Western Cascade foothills to the east. Closer inspection reveals
multiple surfaces generally paralleling the north-south trend of the
main Willamette and the east-west trend of its major tributaries.
These surfaces are particularly well-expressed on the Peoria Rd.

The surfaces and their underlying stratigraphy record an unusual
history of valley floor filling due to catastrophic glacial outburst
floods (jokulhlaups) in the Columbia River system. Repeated outburst
flooding from Lake Missoula during the late Pleistocene resulted in
periodic formation of a backwater lake and deposition of lacustrine
sediments within the Willamette Valley. In the southern part of the
valley, these deposits appear as horizontally-bedded silts and sands up
to 15 m thick with occasional pebble, gravel, and boulder erratics of
foreign provenance in the upper part of the formation; These deposits
are known collectively as the Willamette Formation (Balster and Parsons
1968) and they volumetrically represent most of the valley fill above
the present channel of the Willamette River. A sediment budget for the
Willamette system would thus be dominated by allocthonous material.

It is not clear just how many times the Willamette was inundated.

While Waitt (1980, 1985) argues that approximately 40 floods occurred
within the Columbia system as Lake Missoula repeatedly filled and
breached with an average inter-flood interval of 150 years, the thick
rhythmite beds that make up most of the Willamette Formation display no
evidence of time intervals between depositional episodes. Truncation
and erosion of the upper rhythmites and deposition of boulder erratics
argues for at least two major flooding phases (McDowell and Roberts

1987).

There is not a one-to-one relationship between lithostratigraphic units
and geomorphic surfaces within the valley. In a classic study of
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soil/geomorphic surface relations, Balster and Parsons (1908)
recognized and mapped 15 Quaternary surfaces of varying origins. W
will encounter five of these surfaces over the next 40 miles.

Proceed south on Peoria Rd. 1In this area, the road is on the Ingran
surface which represents the higher of two floodplain levels of the
Willamette River. Lower areas of this surface, which is typically
undulating with a maximum relief of 2-3 m, are commonly inundated b
the Willamette during floods; upper parts of this surface are rarely,
if ever, flooded and should probably be considered low terraces.
Radiocarbon dating from the upper areas indicate partial abandonment of
the Ingram surface approximately 550 years ago (Balster and Parsons
1968). During heavy rains, the outline of old river channels incised
into this surface can be seen.

Cross Muddy Creek, a small, sluggish tributary cof the Willamette.

The road rises onto the Calapcoya surface. This surface forms the
dominant landscape on the valley floor. It is a virtually flat surface
into which lower surfaces are incised. Despite its flat aspect, it is
not a simple depositional surface but has a complex stratigraphy made
up of Willamette Formation units. Balster and Parsons (1968) argue
that the Calapooya surface is really erosional/depositional in corigin,
and represents planation of older backwater deposits by a final large
flood that also deposited the erratics; they assign it an age of 13,000
B.P:

The Horseshoe surface, representing the present floodplain of the
Willamette is visible to the right adjacent to the channel.

Road drops back down to the Ingram surface; the Horseshoe is clearly
visible to the right.

Road rises again to the Calapooya surface. Both the Ingram and
Horseshoe surfaces can be seen to the right.

Peoria Park and boat ramp.

Peoria store. Note the old church to the right. A century ago Peor:ia
was a major wheat shipping center when shallow-draft steamboats
navigated the Willamette River.

Differences in the morphology of caks related to cultural practices can
be seen in the oak stand to the left. Prior to the coming of white man
approximately 150 years ago, most of Willamette Valley and surrounding
foothills were covered with prarie grasslands maintained by annual
fires set by Indians. Oak stands were limited to isolated,
fire-resistant individuals with large crowns. Following institution of
fire suppression by whites, oak stands became more dense, seen herc as
clumped individuals with narrow crowns. As the prarie shifted to o2k
woodland, shade-tolerant Douglas-fir was able invaded the oak openings
and now covers most of the surrounding foothills (Jchannessen and
others 1971).
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Road is located on Calapooya surface but closely parallels Horseshoe
surface to the right.

Slough. Many of the sloughs that line the Willamette Valley are old
main river channels now fed by tributaries and springs.

At this point the road is located on the Senecal surface. The

distinction between the Senecal and Calapooya surfaces is subtle and
consists primarily of greater degree of incision by small drainageways
on the former. Balster and Parsons (1968) interpret modification of
the Calapooya surface as resulting from overland flooding shortly after
deposition of the final silt blanket. Others have speculated that
incision may have resulted from lake waters draining to the north.

Mennonite school. A small Mennonite community is located here--note
the exceptionally well-tended gardens.

Good view of the Coast and Cascade Ranges to the west and east,
respectively. In the area flanking the Willamette Valley the Coast
Range is underlain by shales and sandstones of Eocene age which overlie
submarine volcanic flows and breccias. The Coast Range has been
uplifted throughout the Tertiary. The two prominent peaks on the
skyline are Marys Peak to the north and Roman Nose further south. To
the east are the foothills of the Western Cascades, a constructional
volcanic platform of early Miocene to late Pliocene age. The
Willamette Valley itself is the southern end of a structural depression
extending over 2400 km north to British Columbia.

O0ld farmhouse on left. Note that many of the older farms were built on
the upper surfaces which were not flooded annually.

Harrisburg. Junction with Hwy 99E; continue straight ahead.

Turn left at green sign marked 'High School' just before road bends to
right.

Turn right at first stop sign (S. 6th St.)

Approximate location of the contact between the Senecal and Winkle
surfaces. In the southern part of the valley, relief between the
Senecal and Winkle surfaces is only 1-2 m; in the northern half of the
valley, however, the relief exceeds 20 m. The Winkle surface is
incised into the older Calapooya-Senecal surfaces and is characterized
by an undulating topography of old, abandoned flood channels. Age of
the surface is taken to be mid- to early Holocene (5000-12,000 yrs.
B.P.) (McDowell and Roberts 1987); dates reported by Balster and
Parsons (1968; pg. 8), however, suggest that sedimentation beneath the
Winkle may have begun as early as 34,000 yrs. B.P. McDowell and
Roberts (1987, pg. 42) describe changes in channel sinuosity as
interpreted from paleochannel scars identified on aerial photographs.
They note that channels on the Winkle surface are less sinuous than
those on younger (Horseshoe and Ingramn) surfaces and generally show a
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braided pattern. The Senecal surface apparently had channels
intermediate in sinuosity between the Winkle and Ingram surfaces.

Road is on the Winkle surface; Ingram surface to the right.

Intrusive volcanic rocks form low rounded buttes to the left.
Road dips down to Ingram surface.

Good expression of Horeshoe surface to the right and scarp of Winkle
surface to the left.

Road climbs to Winkle; note the dark green peppermint fields. As you
may have noticed, the agriculture of the Willamette valley is
distinguished by its diversity. Primary crops include grass seed,
hops, wheat, berries, and fruit and nut trees. Blackened fields are due
to burning by grass seed farmers to eliminate root rusts and smuts.

Coburg--notorious speed trap!
Turn right at stop sign.

Turn left at grocery (E. Pearl St.); green sign to freeway on right may
be hard to see.

Turn right onto freeway on-ramp towards Eugene.

Outcrop on the left shows dark volcanic sills (upper Oligocene?)
intruding tuffaceous silt and sandstones of the Eugene Formation (early
Oligocene). Outcrops such as this one may record the beginning of

volcanism that built the Western Cascades.

Cross McKenzie River. We are on the outskirts of Eugene, Oregon's
second largest city (population 125,000).

Take Exit 194A to Springfield/McKenzie River.

Weyerhaeuser pulp mill to the right; McKenzie River on the left.

Turn left at second stoplight onto Highway 126.

Thurston Bump, a small earthflow complex. Over the years, public works
engineers have laid down over 6 m of asphalt fill to maintain the
roadbed at elevation.

Cross the McKenzie River at Hendricks Bridge.

Good views up the McKenzie River valley. The valley is floored by
thick deposits of outwash gravel which have been cut into a series of

terraces. No correlation of tributary terraces with main Willamette
surfaces has been attempted.

~d
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The mountains of the western Cascades which flank the valley on either
side are primarily composed of a thick section of volcanic and related
intrusive rocks of Miocene age but include some later Pliocene rocks as
well, mostly along ridgetops or as intra-canyon flows. Early western
Cascade rocks are primarily silicic tuffs and breccias with lesser
tholeitic lava flows; later western Cascade rocks are chiefly andesite
and basaltic andesite lave flows with tuff interbeds. Most of the
relief of the present western Cascades is due to rapid uplift and
erosion during the late Miocene and early Pliocene.

Cross power canal. Water diverted from the McKenzie is conveyed 15 km
downstream to a hydroelectric generation facility.

Good view of lower terrace surfaces to the right.

Exposure of dark, blocky, olivene-rich basalt overlying reddish
breccia. This rock has been mapped as the Little Butte Formation (late
Oligocene-early Miocene) by Peck and others (1964). It consists of a
series of dacitic to andesitic pyroclastic rocks, including coarse
breccias and dark basaltic flow rocks.

Leaburg power plant. Note the painted bas-relief built by the Works
Projects Administration (W.P.A.) during the 1930's.

Leaburg
Christmas tree farm on lower terrace surface on right.
High upper surface on left is actually power canal.

Recent clearcuts on privately-owned land are visible on the ridgetop to
the right.

Cross power canal.
Leaburg dam, lake, and power canal diversion.
0l1d state fish hatchery on left.

Goodpasture covered bridge. Bridges constructed during the late 1800's

and early 1900's were covered in order to retard rotting of wood
timbers.

Large recent landslide on the left failed during the storm of Feb.
21-22, 1986. The left side of the house on the right of the slide was
partially destroyed by the slide which also blocked the road.
Derangement of drainage accompanying construction of a small cat road
above the slide site in the summer prior to failure may have been a

contributing factor. The slide failed again exactly one year after the
first failure.

Vida. Glacial outwash gravels exposed in roadcut on left.

Gate Creek
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Filbert orchards on both sides of the road.
Road cut in Little Butte basalt on left.

Glacial outwash cobbles in sandy-silt matrix overlie weathered breccia
on left. Clasts are fresh with O-1 mm weathering rinds and there is
little apparent post-depositional clay formation.

Ice cap glaciation along the crest of the High Cascade platform to the
east served as a source area for outlet valley glaciers throughout the
Pleistocene; however the extent and sequence of glaciation in the
Western Cascades is poorly understood. This is due to heterogeneity of
rock types, erosion or redistribution of deposits by fluvial or
colluvial processes, and poor exposures. Scott (1977) documents three
major Quaternary glaciations on the east side of the Cascades; however,
no comparable chronology exists west of the Cascade crest.

Roadcut on left shows deeply weathered mudflow breccia with 1-2 mm
thick weathering rinds overlying basalt in an apparent swale
depression. Mudflow is overlain in turn by much fresher colluvium.
This deposit is probably an old alluvial fan perched on an upper
terrace surface.

Exposure of dark gabbro in left cutbank.

Exposure of Nimrod Granite on left. This is one of several small
granitic intrusions within the Western Cascades; rocks surrounding
these intrusions have often been altered propylitically to zeolite
facies metamorphism. Gold mined near the town of Blue River at the
turn of the century was associated with the contact aureole of the
Nimrod Granite.

Cutbank on left displays large dune-scale foresets consisting of
interbedded, deeply weathered coarse and fine sand with occasional
pebble and cobble drop stones. These foresets grade laterally to the
west (downriver) into fine-grained, faintly laminated sandy silts
showing soft sediment deformation. To the east, the foresets grade
into deeply-weathered fluvially-worked cobbles, many of which are clay
'ghosts'. Overlying both the cobbles and the sands are much fresher
fluvial deposits. This deposit records at least two periods of
alluviation within the lower McKenzie River valley probably associated
with glacial periods. Deposition of the foresets probably occurred as
a delta built into an ice-dammed lake along the valley margin. Based
on the degree of weathering of the underlying deposit, we can speculate
that it represents glacial outwash of Hayden Creek age (approximately
50,000 B.P.) or earlier.

Prospect hole in the Nimrod Granite.
Greenish propylitic alteration of Nimrod Granite.

Nimrod store and gas station.
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Large flat on left is probably part of alluvial fan complex coming from
a north-side tributary.

Large 10 m cutbank on left consists of 8 m of grey, fluvially-worked
and imbricated cobbles and boulders without substantial weathering
overlain by 2 m of brown, mudflow deposit. Source for this mudflow is
the small creek in the center of the deposit. At the eastern (upriver)
edge of the deposit, one can see interbedding of debris flow and
outwash cobbles.

Finn Rock
Green volcanic breccia on left.

Even-aged stands of alders along the McKenzie River in
this area date from the 1964 flood.

Valley widens, high terraces to left. This area has been interpreted
as the lower limit of valley glaciation (Wilson 1981); however, the
evidence is inconclusive. Bedrock constriction of the valley floor
downstream probably contributed to terrace formation in this area.

The 1964-aged alder stand is clearly visible across the river on the
right on a mid-channel bar. Note the progressively younger trees at
the lower end of the bar suggesting that the bar is growing
downstream.

Confluence of Blue River and the McKenzie. The location of this
confluence has been affected by ice-damming within the main McKenzie
valley, as will be discussed at the first stop.

Large outcrop of green breccia on left.

Veer left onto uphill grade at green sign to Blue River Reservoir.

SITE 1: BLUE RIVER SADDLE DAM.

10
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An Introduction to the H. J. Andrews Experimental Forest

The H. J. Andrews Experimental Forest is located in the rugged Cascade Mountains
approximately 50 miles (80 km) east of Eugene, Oregon. It is 15,815 acres (6400
hectares) in size and ranges from 1350 feet (412 m? to 5350 feet (1630 m) in elevation.
The landscape is deeply dissected and heavily forested. Pristine stands of old-growth
forest with dominant trees in excess of 400 years of age cover about 45 percent of the
Andrews Forest with the remainder in younger age-class forests; the most common forest
types at lower elevations are dominated by Douglas-fir, western hemlock and western red
cedar, Going up in elevation, western hemlock is gradually upland by Pacific silver
fir, and Douglas-fir and western red cedar decline in importance. Upper elevation
stands consist of mixtures of true firs and mountain hemlock. Agproximate]y one third
of the Andrews Forest has been logged or manipulated for research as shown in the
following table.

Forest Type Areas in Acres (hectares)
Undisturbed Logged/Manipulated Total

Low elevation douglas-fir-- -

western hemlock 3363 (1362) 2807 (1136) 6170 (2498)
Mid-elevation transitional 3959 (1603) 1331 (539) 5290 (2142)
Upper elevation true fir-

mountain hemlock 2756 (1115) 981 (379) 3737 (1512)
Non-forest types 618 (250) -- -- 618 (250)
Grand Totals 10,696 (4330) 5119 (2072) 15,815 (6402)

The maritime climate is mild with wet winters and cool, dry summers. Annual
precipitation normally exceeds 100 inches (2540 mm) and is concentrated in the winter.

Deep S$nowpacks are common above 3300 feet (1000 m). Little or no rain falls during July
and .August.

Rapidly flowing mountain streams are the primary type of aquatic ecosystem on the
Andrews Forest. Streamflow follows the precipitation pattern with winter maximum flows
three orders of ma?n1tude larger than summer minimum., First and second order streams
under natural conditions are dominated by coarse woody debris and receive large annual
inputs of litter which provide the energy base for the aquatic organisms. Larger order
streams have an increasing proportion of the energy base provided by in-stream
photosynthesis, but processed organic matter (litter) washed down from the smaller
tributaries remains an important part of the energy base.

The Andrews Forest was established by the U.S.D.A. Forest Service in 1948. Research
efforts focused on logging and regeneration in the 1950's, shifted to a watershed
emphasis in the 1960's and to an ecosystem orientation in the 1970's. Research use of
the site expanded rapidly in the 1970's, with National Science Foundation support. In
1977, Oregon State University and the Forest Service agreed to jointly administer the
site with the common management objective of enhancing research and educational use.
The success of this joint management is apparent in the continuing expansion of the
overall program, which includes basin and applied research.

During 1983, 87 scientists and 51 graduate students were involved in research at the
Andrews Forest, Fifty-six separately funded projects used the site; if broken down into
subprojects, well 100 studies could be listed. Total research expenditure is large,
over $1,750,000 during 1983. The major contributors are:

Agency/Source Amount

NationaT Science Foundation $ )

Pacific Northwest Forest and Range Exp. Stat. 401,000

Oregon State University i 170,000

Bureau of Land Management 110,000

Department of Energy ; 96,000 13
QEfeﬁ $ 121,000
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GEOLOGY AND GEOMORPHOLOGY

Solls In the area have loamy surface horlzons, ranging from sllty-clays to sandy and
gravelly loams. Because of aggregatlon of primary soll partlcles by organlc matter and
other agents, poroslty of surface solls ls 60 to 70 percent, over half of whlich ls macro-
pore space (Ranken 1974)., Subsoll porositles are also hlgh, ranglng from 50 to 60
percent, of which about 20 percent ls macropore space. The pore-slze dlstrilbutlon of the
soll accounts for two Important hydrologlc propertles: (1) all water enters the soll and
travels by subsurface flow to streams (Harr, 1977), because soll permeabllitles are up to
several hundred tlmes greater than ralnfall rates, and (2) soll Is able to retaln 30-40
cm of water In Its top 120 cm (Dyrness, 1969) whlch Is an Important water source for the
dense forest vegetatlon durlng the dry summers. These condltlons of hlgh soll perme-
abllity combined with steep slopes cause headwater streams to respond very qulckly to
changes In ralnfall rate (Harr, 1977).

Bedrock at elevatlons below about 850 m ls composed of a varlety of hydrothermally
altered volcanlclastlc rocks of the late Ollgocene to early Mlocene Little Butte For-
matlon (Peck et al., 1964, Swanson and James, 1975a). The western end of the Forest ls
cut by numerous steeply dlpping, northwest-trending dlkes. Little Butte Formatlon rocks
are overlaln by ash flow and basaltic andeslte lava flows of the Mlocene Sardline For-
matlon which crop out up to elevatlons of about 1,220 m. Rldge crests along the eastern
and southern boundarles of the Forest are capped with thick andeslte lava flows with
K=Ar ages Ln the range of about 4 to 6 mllllon years.

Holocene deposlitlon of thln tephra unlts completes the hlstory of accumulatlon of
volcanlc materlal ln the Lookout Creek dralnage. Mazama ash wilth fragments up to about
| e¢m dlameter ralned over the Andrews area about 6,700 radlocarbon years ago. Average
thlckness of Inltlal alrfall deposits was probably on the order of | cm., Flne-gralned
(¢! mm dlameter) basaltlc tephra eruptling from the Sand Mountaln area (Taylor 1968)
probably fell on portlons of the Forest about 3,000 radlocarbon years ago. The Mazama
ash, weathered to a dlstinctlve yellow color, fell In sufflclent abundance to be a useful
time marker ln analysls of some geomorphlic surfaces In the area.

Landscapes of the Andrews Forests have been sculptured by glaclal, fluvlal, mass
movement, and other hlllslope processes (Swanson and James, 1975a). Detalls of glaclal
hlstory of the area have been obscured by subsequent eroslon and redlstrlbutlon of
glaclal landforms and deposits, The orlglin of bouldery deposlits In the area ls commonly
ambliguous, For example, nearly ldentlcal bouldery diamlctons can be produced by glaclal,
volcanic, and mass movement processes; and comblnatlons of these three types of processes
may all operate on a single batch of earth materlal., So the glaclal hlstory of these
areas of the western Cascades has becn poorly kept due to rapld removal of the record by
other geomorphlc processes and presence of anlstroplc rock types that do not form neat
glaclal landforms In the flrst place,

Desplte these difflicultles glaclal processes have clearly Influenced hlgher ele-
vatlon, north aspect parts of the Lookout Creek dralnage (Crandell, 1965, Swanson and
James, 1975a). Clrques were formed by small alplne glaclers on the north slde of rldges
hlgher than about 1,370 m elevatlon. Valley wall and bottom glaclal deposlts derived
from headwaters of the Lookout Creek dralnage extend as far down valley as sbout 660 m
elevatlon. The lower end of Lookout Creek dralnage was also Influenced by damming of
lower Blue Rlver by glaclal ice ln the maln McKenzle Rlver valley (Swanson and James,
1975b). The lce dam backed water up Into the mouth of Lookout Creek, causlng deposltion
of flne gralned, varved qulet water sediments.
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Mass movement processes have created distlnctlve wide spread landforms. Slump-
earthflow features, produced by slow, deep-seated mass movements, cover over 25 percent
of the landscape In the lower elevatlon half of the forest underlaln by volcanlclastlc
rocks (Swanston and Swanson, 1976). The heads of most large earthflow features are
located at geologlc contacts where hard lava flow bedrock caps softer volcanlclastlc
rock, About a thlrd of the slump-earthflow areas has been actlve Lln the past century
based on dlsrupted growth of trees; and some areas are currently actlve durlng each wet
season. Even the most actlve earthflows In the area are heavlly forested.

Slump-earthflow areas typlcally have subdued rellef, hummocky ground and deranged
dralnage systems. Actlve features have open tenslon and shear cracks, spllt and tilted
trees, and very lrregular dralnage patterns and channel cross-sectlon geometry, At low
flow stream water goes undergound where crack systems lntersect stream channels. On
flows that have been dormant for progressively longer perlods of time there ls less
evidence of dlsrupted vegetatlon and dralnage systems. Some earthflows In the Forest
have deposlts of Mazama ash In poorly dralned depresslons, suggestling that the hummocky
ground exlisted 6,700 years ago.

Steep terraln In areas of volcanlclastlic bedrock and assoclated solls has been
sculptured largely by debrls avalanches. These rapld soll mass movements are lnltlated
from the headward tlps of Inclplent dralnage depressions ("hollows" of Dletrlich and
Dunne, 1978), from streamslde areas, and Infrequently from smooth slopes, Events are

commonly triggered as a result of high preclpitatlion on wet soll conditlons, and multliple

windthrow of trees may also be a contrlbutlng factor on forested sltes. Debrls ava-
lanches are a major mechanlsm for transfer of soll from slump-earthflow features to
streams, Slump-earthflow movement oversteepens the toes of deep-seated fallures and
causes them to encroach on streams, thus aggravatling bank cuttlng and debrls avalanche
potentlal (Swanson and Swanston, 1977). Debrls avalanches also take place on the steep
headﬁall areas of some slump-earthflow features.

Table |. Experlmental watersheds In the H. J. Andrews Experimental Forest.
Forests In watersheds 1, 2, 3, 9, and 10 were 400 to 500 year
old Douglas-flr—western hemlock stands. Watersheds 6, 7, and
8 were 100-130 year old Douglas-fir stands.

Water & sediment yleld,

Watershed Area Elevatlon (m) start of record

no. (ha) Min. Max, Management hlstory El/ c )

5 B3
1 96 460 990 100 percent clearcut 1953 1962 1957 1957
(1962-1966)
2 60 530 1,070 Control 1953 1962 1957 1957
3 101 490 1,070 6 percent roads 1973 1962 1957 1957
(1959)
25 percent ciearcut
(19613)
6 13 880 1,010 100 percent clearcut 1964 1972 1972 --
(1974)
7 15 910 1,020 "100 percent partlal 1964 1972 1972 --
cut (1974)
8 21 960 1,130 Control 1964 1972 1972 --
9 9 425 700 Control 1967 1969 1969 1973
10 10 425 700 100 percent clearcut 1967 1969 1969 1973
' (1975)

1/

= W = water dlscharge; C = water chemlstry, typlcally N, P, K, Ca, Na, Mg;
S = suspended sediment, C and S sampled with grab samples and pumping

proportional sampler (Fredriksen, 1969); B = bedload sampled In ponding
basin,
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Table 2. Eroslon process studles In the ll. J.
Eroslon process monltoring
Process Slites
Creep Both stralght and
hummocky slopes
Earthflow One slte, upper
Lookout Creek
Surface Steep slopes In
eroslon WS1, WS9, wWSlO0,
and other forest
sltes
Channel 6 sltes, small to
changes large streams

Methods

Inc! Ilnometer
tubes

Stake arrays,
Inclinometer tubes,
crackmeter,
theodollte survey

Col lector boxes,
0.5 and 2.4 m long

Monumented
cross—-sectlons

Forest-wide Inventorles of mass movement processes

Debrls
avalanches

Slump=-
earthflow

All of Andrews

All of Andrews

Ongolng lnventory
75 m3

Fleld and alr
photo analysls

of events

Andrews Experlmental

Forest

Duruatlon of record

1969 to
shorter

1974
1974
1976
1976

1974 to
and sho

to
to
to
to

1978 to

1950 to

present and

present
present
present
present

present
rter

present

present

Some featurus

6,700+

yrs.

Small, steep channels In the lower elevatlon half of the Forest area are also

subject to mass movements termed debris torrents.

Most debris torrents (82 percent of 18

inventoried events) are inltlated as debris avalanches from hillslopes which enter

éhannels and malntaln thelir momentum downstream untll they are stopped by obstructlons or

bends in the channel or slmply by decreaslng channel gradlent (Swanston and Swanson,

1976).
debris.

downstream into lower second= and upper third-order channels.
of bedrock by debris torrents probably contrlbutes to the Inclsed appearance of many

flrst= through third-order channels Ln the area.

8 m high steep banks of colluvium and bedrock.

Some debris torrents start In channels as a result of flotatlon of organlc
Many torrents move through flrst-order channels and can travel up to a kilometer

The scourlng and exposure

Many small streams are flanked by 2 to

Other hlllslope processes transport soll from slopes to channels In the Forest, but

do not create large scale landforms.

Sheetwash and rill eroslon are trivlial

on all bLut

severely disturbed sites due to low preclpitation Intensltles and hlgh Inflltration

rates.

processes is significant on steep slopes.

process which does create distinctive, though small scale, landforms.
and transport of material in solutlon are subtle, but important, pervaslve processes In

thls terraln,

Surface eroslon by dry ravel, throughfall and raln drop impact, and freeze-thaw
Root throw is also an lmportant soll transport

Soll mantle creep

Fluvlal processes, of course, have played Important roles In shaplng the landscape
Streams are steep and development of fluvlial
constralned by influences of bedrock, hlllslope mass movement processes, and large

of Lookout Creek basln.

organlc debris derlved from adjacent forests.
and terraces occurs along streams larger than thlrd-order,

landforms has been

Signlficant development of flood plalns
Remnants of alluvlal

fans are

located at junctlons of smaller streams with fourth- and flfth-order streams (Swanson and

James, 1975b).

The coarse scale of jolntlng In the volcanlc bedrock produces large

clasts that become the boulders and cobbles coverlng much of the streambed area.

Sedlment yleld from forested parts of thls landscape a!e at the low end of the range

for mountalnous terraln.

Anderson (1954) estimates 48 T/km /yr of suspended sedlment

yleld for the McKenzle Rlver basin, based on samples col lected In 1949 and 1950 before
much development had oc;urred. Sediment yleld from small forested watersheds In the

Forest ls about 40 T/km”/yr composed of dlssolved, suspended, and bedload sediment In
order of decreaslng contrlbution to total yleld (Fredrlksen and Harr,

al., In prgal).

1979, Swanson et

Removal of vegetatlon by wildflre and logglng results In Increascd soll
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SITE 1. SADDLE DAM OF BLUE RIVER RESERVIOR

This stop provides an overvlew of the geographic, geologic, and geomorphic setting
of the field trip area and environs (Figure 1). To the north we look across the Blue
River Reservolr and into the Blue River drainage. We are on a low divide with the
vestward flowing McKenzie River south of us. The Lookout Creek dralnage and the Andrews
Experimental Forest meet Blue River at the head of the reservolr.

We are_in the western Cascade geologlic and physlographic provinces. Bedrock is
comprised entirely of Pliocene and older volcanic and subvolcanic intrusive material, and
landforms have been shaped by erosional processes. The boundary with the High Cascades
1ies about 20 km east of this spot. Steeply dipping, north-trending, normal faults which
are down-dropped on the east form the boundary. The High Cascades are predominantly a
constructlonal volcanlc landscape formed during the past two million years.

During the Pleistocene, Blue River drained directly into the McKenzie River through
thls saddle dam area (Swanson and James, 1975b). Pre-latest Wisconsln glaclers from the
High Cascade platform and from the South Fork McKenzie River basin flowed down the maln
McKenzie River valley and blocked the mouth of Blue River. This lce dam formed a lake
30+ m higher than maximum reservolr level and diverted the lower Blue River to lts
present course,. Drilling in the saddle dam area by the Corps of Englineers revealed more
than 60 m of glaclial deposits forming a natural saddle dam below the man-made saddle dam.

Till, outwash, and varved luke sedlments are exposed In the dam area. A wood sample
from these deposlits ls more than 40,000 radlocarbon years old. Along the drlve up the
east slde of the reservolr we pass kume terrace deposlts on the valley wall above the
road. Hedrock cxposed In road cuts ls predominantly propylltically altered, green,
laharlc brecclas cut by numerous vertlcal, nortlwest~trendlng dlkes.
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SITE 2. WATERSHED 10

Watershed 10 (WS10) has been the princlpal study slite of the Oregon phase of the
Conlferous Forest Blome research. Thls 10 ha watershed ls probably the most Intenslively
studled plece of ground of thls scale In the western hemlsphere. Research since 1969 has
examlined hydrology, vegetatlon, nutrlent cycling, aquatlic blology, and geomorphology
under both forested and recoverling clearcut condltlons. The 400 to 500 year-old stand of
Douglas-flr, western hemlock, western redcedar, and other tree species (Grler and Logan,
1978) was clearcut with directlonal falling with jacks and yarded with a skyllne system
In the summer of 1975, Heavy resldues were yarded to the landing and hauled away or
burned there. Limb-sized materlal was hand-cleaned from the channel and plled above hligh
flow llne. The overall logglng operatlon was deslgned to fol low practlces used In
standard Forest Servlice operatlons at that tlme., Companlion WS9 about 1.5 km south Is
malntalned In the forested conditlon as a control.

GCeomorphology research In WS10 is comparing eroslon under forested and clearcut
recovery conditlons. We do thls by developling eroslon budgets, comprehenslve assessments
of soll and sediment movement by all slgniflcant eroslon processes. The soll/sedliment
routlng system ls viewed as movement of materlal down slopes and channels from one tem=-
porary storage slte to another. Storage sites Include shallow depresslons on slopes that
ultimately fall by debrls avalanching (Dletrich and Dunne, 1978) and wedges of sediment
stored behind logs In streams. Transfer processes between storage sltes range from
debrls avalanches that typlcally occur on a few percent of the watershed once every few
centurles to watershed-wlde perslstent processes such as surface eroslon and solutlon
transfer (Table 3).

Table 3. Process characterlstlcs and transfer rates of organlc and Inorganic
materlal to the channel by hillslope processes (T/yr) and export
from the channel by channel processes (T/yr) for Watershed 10.

Area

influenced Materlal transfer
Process Frequency (X of watershed) Inorganlc Organlc
il 1slope processes
Solutlon transfer Cont lnuous 99 l 0.3
Litterfall Cont lnuous, 100 0.3

seasonal
Surface eroslon Cont lnuous 99 0.5 0.3
Creep Seasonal 99 1.1 0.04
Root throw 1/yr 0. % 0.1 0.1
Debris avalanche 1/370 yr 1=24% 6 0.4
Slump/earthflow Seasonal* 9-8% 0 0
TOTAL 10.7 1.4
Channel processes
Solutlon transfer Contlnuous | 3.0 0.3
Suspended sediment Contlnuous, | 0.7 0.1
storm

Bedload Storm - 0.6 0.3
Debrls torrent 1/580 yr | 4.6 0.3
TOTAL 8.9 1.0

*Inactlve In past century In Watershed 10
**Area Influenced by one event,
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An erosion budget has been prepared for Watershed 10 in old-growth forest conditlions
(Table 3). HMethods of generating these estimates are descrlbed by Swanson et al. (in
press). Such a budget provides a basls for comparing processes. For inorganic matter
transport the mass wmovement processes are very important, although they are estimated to
occur less frequently than 1 per 300 years under forest conditions. (Note: there are
many difficulties in making these estimates, including the dominance of the 30 year
record by events triggered in a single storm of a probable return period much greater
than 30 years.) The most perslstent process, solutlon transfer, is also very important.

1
Averuge unnual vuelues (kg ha yr ) for Walersheds 9 (forcsied) und 10
(clearcut, 1975).

Walershed 9 Watershed 10
1975 - 1986 I're-logping (est.) 1975 - 14986
Inpul Lo channel
Surface erosion 26 8o 199
Debris slide 0 643 (est.) 1300 (actual)
Dissolved load 16 16 17
Ixport from channcl
Dissolved load 286 332 35h
¢ Suspended load 35 70 J20
bedload (basin culch) 14 90 305
Debris flow 0 493 (cwt.) (000 (uctuul)

We are now observing changes in the rate of each eroslon process during the post-
clearcut recovery period, Each transfer process and storage site In the soll/sediment
routing system {s regulated by a different combination of vegetatlve factors. Root
strength, for example, affects debris avalanche potential, and presence of an organic
litter layer moderates surface erosion. Consequently each eroslon process has a dlf-
ferent response to clearcutting and revegetation. .

Substantial increases in suspended and bedload export occurred following logging.
Sediment yield is limited by (1) availability of sediment for transport and (2) avall-
ability of flowing water, the transporting medium. Snowmelt peak flows frow WS10 were
actually delayed and smaller the first winter after logging, but rain generated peak
flows were not affected significantly (Harr and McCorison, 1979). Changes were attrlib-
uted to differences in short term snow accumulation and melt. Increased sediment yleld
has come from increased avallability of materlal from three sources: (1) material input
to the channel during the logging operation itself, predominantly fine organice, (2)
sediment that entered the channel and was stored behind large debris before logging, but

vas released from storage when logs were removed in the yarding operation, and (3) soll
from post-logging accelerated hillelope erosion.



Erosion monitoring facllities on the watershed include fnclinometer tubes, 0.5 m
vide surface erosion collectors along the stream perimeter, 2.4 m wide surface eroslon
collectors on upslope sites, monumented channel cross-sect ions, sediment ponding baslin,
and stream gaging facility with proportional pumping sampler (Fredrikscn, 1969) for water
chemistry and suspended sediment sampling.

Annual Surface Erosion

600
500“ — Watershed 10, logged 6/75
' . T Watershed 9 , forested
_8 400
E -
P }00 -
200 1
' -
100 -
0 T T ¥ T T ¥ L 1 T T T T T
1972 1974 1976 1978 1980 1982 1984 1986
WATER YEAR
VOL. 15 NO. | WATLR HLSUUHLES RLSLARCH I LERUARY 1979

Initial Effects of Clearcut Logging on Size and Timing of Peak Flows
in a Small Watershed in Western Oregon __

R. DeNNIs Hakrkr

USDA Forest Service, Pucific Northwest Furest und Runge Experiment Station
Forestry Sciences Luboratury, Corvallis, Oregoun 97331

F. Micnaer McCorison
School of Furesiry, Oregon State University, Corvallis, Oregun 97331

Size of annual peak flow in a small watershed in western Oregon was reduced 32%, und average delay of
all peak Alows wus nearly 9 hours following clearcut logging. Size of unnual peak flows caused by rain with
snowmelt was reduced J6%, and peak flows resulting from rain with snowmelt were deluyed an average of
nearly 12 hours following lugging. Chunges ure atiributed mainly to dillerences in shorl-term accumula- 21

lion and melling of snow. No signilicant changes were detected in size or timing of peak fuws that
resulied from rainfull slone.



At 0300 February 22. 1986. during high rates of water input caused by heavy rainfall and

snowmelt, a debris avalanche occurred in a tributary stream about 70 meters above its

confluence with the main WS-10 stream. The original material was sugmented by water,

soil.and organic debris in and along the main stream and a debris flow was created. The

debris flow demolished the gage house and damaged the stilling wells. The mineral and

organic debris filled the sediment basin and parking area and spilled over onto the road

and down into the forest beyond the road. The main channel was scoured from about 30

meters below the confluence to the flume at the watershed ocutlet.

3
The volume of the failure was approximately 300 m ., originating in a bedrock hollow.
The volume of material that left the watershed and was deposited in the sediment basin. on

the road and in the forest was estimated to be 700 m . Observation along with mapping

indicated that as much as 50% of the deposited material was organic (mostly in the form of
coarse woody material).

At the_time of the debris flow. the stream was flowing at roughly 15 liter/sec/ha or about

5.4 ft /sec. Given the rate of hydrograph rise. the stream probably peaked slightly

above the the highest rate of flow ever measured at WS-10. WS-9 peaked near 0830. 5 1/2
hours after the debris flow occurred.

The following table shows peak flows that have occurred since stream flow
measurements began in 1967:

' Before Logging After Loyging
Jan. 11, 1972 18.95 ((liter/sec)/ha) Dec. 13, 1977 15.19.
Jan. 21, 1972 18.95 Feb. 22, 1986 15.02
Dec. 5. 1971 15.62 Nov. 25, 1977 14.80
Dec. 4. 1968 14.97 Feb. 7. 1978 13.92
Nov. B, 1968 11.95 Dec. 6. 1981 12.84
Mar. 2. 1972 11.76 Jan. 12, 1980 11.96
Nov. 26, 1971 11.70 Jan. 8. 1976 11.13
Dec. 9. 1971 11.50 Dec. 2. 1981 11.02
Jen. 5. 1975 8.86 Feb. 14, 1982 10.30
Jan. 28, 1967 8.45 Dec. 25, 1980 9.80

[ ]
Stream flow at the time the gage house was destroyed. Flow was undoubtedly
much higher during the 4-6 hours after the debris flow occurred.
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Ellects of Clearcutting on Rain-on-Snow Runoll in Western Oregon:
A New Look at Old Studies

R. DENNIS HARR

U.S. Department of Ayriculiure, Forest Service, Pacific Northwest Research Siation
Forestry Sciences Luboratory, Corvallis, Oregon

Results of updating and reanalyzing sircamflow data from studics in Iwo experimental watersheds in
wesiern Oregon suggest that clearcut logging has aliered snow accumulation and mel enough 10 huve
increased the size of peak flows caused by snowmelt during rainfall. In a 96-ha clearcut watershed in the
\ransient snow zone, peak Nlows with return periods of roughly 3-8 years were higher than predicted by
prelogging data. In a similarly clearcut 10-ha watershed, sizes of peak flows caused by melting of
relatively deep snowpacks during rainfall were also higher after logging. Higher peuk flows indicate a

higher rate of water delivery 10 soils, which, in turn, suggests increased potential for both hilislope and
chunnel erosion.
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SITE 3. EXPERIMENTAL WATERSHEDS 1, 2, AND 3

These watersheds have long, documented historles of land use, research actlvitles,
and eroslon (Fredriksen 1963, 1965, 1970, Fredrlksen and Harr 1979). WS| was clearcut
between 1962 and 1966 uslng a skyllne yardlng system and slash was broadcast burned In a
hot fire In 1966. WS had clearcuts of 5, 9, and 11 ha logged with high lead cable
systems and slash was broadcast burned. Roads totalling 2,66 km were bullt at three
levels In the watershed In 1959. Water and sedlment yleld, preclplitatlon, and vegetatlon

have been monltored since before logglng (Table |, Fredriksen and Harr, 1979, Dyrness,
1973). WS$2 has been malntalned as a control.

Vegetatlon removal caused several changes lIn streamflow characterlstics. Removal of
forest vegetatlon reduced both Interceptlon and transplratlion, allowing more preclpl-
tatlon to leave the watershed by streamflow rather than evaporatlon. At WSl inltlal
Increases In annual water ylelds were 45-50 cm, about 75 percent of whlch occurred durlng
the winter ralny season (Rothacher 1970). Yield Increases are dimlnlshlng as revege-
tatlon proceeds. Summer flows were lncreased 3-5 tlmes the flrst few years after logglng,
but owlng to rapld growth of riparlan vegetatlon, such Lncreases have disappeared (Roth-

acher, 1971). Changes at WS] have been smaller because of less extenslve logglng In that
watershed.

After logglng, peak flows In fall and spring lncreased up to 2 tlmes because soll
water storuge remalned high due to reduced evapotransplratlon (Rothacher, 1973). Large
peak flows In winter were largely unchanged because (1) solls In logged and unlogged
areas are both recharged by thls time and respond simllarly to preclplitatlion, and (2) the
hydrologlc propertles of soll were not altered to the extent that surface runoff bLecame

slgn;flcant. On other experlmental watersheds ln western Oregon, where soll dlsturbance

and compactlon by roadbullding and tractor yarding were much greater than on WSI|, slze of
pedk flows has been Increased (llarr et al., 1975, larr et al., 1979).

Varlatlon of annual suspended and bedload (materlal trapped In sedlment baslin)
sediment ylelds among watersheds has been great. 1In the flrset 14 years followlng cuttlng
and burning WS1 has ylelded 12 tlmes as much partlculate matter as WS2., Much of thls
Increase has come from accelerated debrls avalanche eroslon after clearcuttling. Seven

debrls avalanches (»75 u3 each) moved soll down slope between 1964 and 1972, About 75
percent of the volume of soll moved by debris avalanches came from sites of current or
past slump-earthflow actlvity, emphasizing the lmportance of Interactlons between these
two types of processes. Surface eroslon processes, partlcularly dry ravel, also In-
creased substantlally (Mersereau and Dyrness, 1972), but most sltes of accelerated
surface eroslon have returned to rates more typlcal of forested areas. Soll which has
entered the channel systems after logglng has been routed slowly downstream through the
numerous large logs and alder (Alnus rubra) and willow (Sallx spp.) rlparian vegetatlon.
Desplte burnlng and some physical removal of sedlment-trappling organlc matter from the

maln channel, much of the soll eroded from slopes after logglng ls stlll stored In the
channel system.

WS], on the other hand, experlenced very rapld relcase of sedlment. Most debrls
avalanche activity In the watershed was related to roads, princlpally flll slope fallures
(Fredrlksen, 1963, 1965, 1970). The masses of fll] material entered steep headwater
channels and moved rapldly downstream sweepling up alluvlium, colluvium, and streamslide
vegetatlon along the way. Thle serles of debrls torrents In the major December 1964
storm moved about two-thlrds of the total partlculate matter export from WS] over the
first |7 years after logglng and road constructlon. About B0 percent of export for the

perlod occurred In two days. Total post-logging yleld has been about 90 times that of
control WS2,
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The debrls torrent hlstorles of WS! and WS) have determined the contrasts In thelr

sedlment yleld hlstorles.

channels Initlated debris torrents which flushed the WS) channel system,
have flushed the WS| channels because of a varlety of factors, lncluding debrls avalanche

locatlon In the watershed.

volume, and stralght down=channel trajectory to trigger debris torrents.
yleld from WS | now exceeds yleld from WS3 as sedlment s slowly released from storage In

the lower WS] maln channel
part of the watershed.

The road fll1l fallures at the heads of long, steep, stralght
No torrents

WS1 debrls avalanches have not had suffliclent veloclty,
Annual sediment

and as soll Is eroded from an actlve earthflow In the upper

Comparotive Sediment Yield from Study Wotersheds
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SITE 4. LOOKOUT CREEK EARTHFLOW

Thlis 900 m long and 150 m wide earthflow ls moving south Into Lookout Creek at an
average rate of about 10 cm/yr (Flgure 2, Swanson and Swanston, 1977). Bedrock ls a
varlety of volcanlclastic materlals capped by a basalt flow which ls the source of blocks
forming the talus slope at the headscarp. Except for two small clearcut areas, the
earthflow Is forested, malnly with 400 to 500 year-old trees In the lower half vhile most
trees on the upper half were establlshed followlng a wildflre In the mld-1800's.

The earthflow landscape 1s lrregular with scattered steep (»60%) slopes, which
probably represent vegetated scarps, and many low rellef areas, Includling poorly dralned
depresslons. Dralnage pattern and channel cross-sectlonal geometry are very lrregular.
The earthflow can be divided Into three actlve blocks In the lower half of the whole
earthflow, Each block Ils bounded by open, lateral shear cracks and a tenslon crack
system across the head (Flgure 2). The upper half of the earthflow does not appear to

have been actlive In the last century or so, based on stralght growth of trees In that
area.

Earthflow movement Is monltored with (1) stake arrays (straln rhombs) across actlve
cracks to meusure reclatlve surface movement between blocks, (2) Incllinometer tubes for
monltoring vertical velocity profiles, (3) crackmeters to record contInuously the opening
of crack systems, (4) theodolite surveys of points on the earthflow from stable reference
points off the earthflow, and (5) analysis of tree rings in scar tissue on live trees
being split up the middle because they straddle an active crack (Swanson and Swanston,
1977). Water inputs in rain and snowmelt and groundwater levels are also continuously
recorded, so that movement-water input relations can be examined. The purpose of the

work 'ls to gain & basic understanding of earthflow behavior so we can better assess
impacts of management activities on this eroslon process.

LOOKOUT CREEK EARTHFLOW
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The flve year record of annual movement from repeat surveys of stuke arrays reveals
large year-to-year differences in movement, determined by water Inputs durlny current and
previous years (Table 4). Very llttle movement occurrud In the 1976=1977 drought year,
and thls dry perlod appears to have also caused low total movement rate In the next year.
Movement In 1978-1979 was twlice that In 1977-1978, although the more recent perlod had 20
percent less preclplitatlon.

Earthflow Movement (cm/yr)

-

Water Year S/A 02 S/A N3 S/A N6 Precip (mm)
1974 - 1975 9.6 5.0 no data 2225
1975 - 1976 14.2 8.6 5.9 2361
1976 - 1977 0.2 0.7 0.7 1049
1977 - 1978 6.1 3.9 2.8 2125
1978 - 1979 13.6 9.2 6.0 1706
1979 - 1980 5.0 3.3 2.2 1858
1980 - 1981 .3 6.2 3.7 1856
1981 - 1982 20.6 10.3 6.2 2496
1982 - 1983 6.5 3.7 2.5 2368
1983 - 1984 18.0 9.6 5.5 2432
1964 - 1985 7.1 4.7 2.6 1847
1985 - 1986 13.0 6.0 3.5 2060
L]
Precipitation October 1 - June 1
v 30
Lny = 449 Ln x — 32.13
40 - 2
’é‘* re= 77
O
~— 30 -
L ]
Q
7
o 20 -
>
<
10
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Comparlson of crackmeter and preclpltatlon records Indicates tlght control of move-
ment rate by water avallabllity (Figure 3). Hovement at thls slte does not begin Ln the
fall untll nearly 90 cm of raln has fallen, Once the system ls primed with water, move=
ment contlnues at a slow rate untl]l spring except for perlods of accelerated movement In
response to storm perlods of water Input In excess of about 12 am/24 hr.

‘ 250
24}
]
€ 20F 200
£
. CUMULATIVE WATER INPUT
Z 6} ™\
w 150
s
w
% ]
s '
w —100
>
T o CUMULATIVE RELATIVE 1
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o ar
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Flgure 3. Cumulatlve water Input and relatlive movement at crackmeter located at slte 6
(Fig. 2). Movement curve Ils dashed for perlod when only total movement ls known,

Sediment dellvery to Lookout Creek occurs by bank cutting and streamside slldes
after long perlods of earthflow movement constricting the channel. The last major

eplsode of sediment input to Lookout Creek from this earthflow was durlng the December
1964 and January 1965 floods.

Earthflow movements can affect the structure and specles composltlon of forest
ecosystems. For example, differentlal movement near stake arrays 7, 8, and 9 (Figure 2)
has tipped and split trees, leading to much windthrow, many holes Ln the canopy, and a
multlleveled forest with abundant understory vegetatlion. Close upslope, in areas of no
recent earthflow movement, the canopy of Douglas-flr and western hemlock Is complete,

heavily shadling lower levels of the forest and, thereby, greatly llmlting understory
development.

CUMULATIVE WATER INPUT (cm)
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Mechanics and Stability of the Lookout Creek
Earth Flow

MARVIN R. PYLES, Assistant Professor
Department of Forest Enginecring, Oregon Staic Umiversity, Corvallis, OR ¥7331

KEITH MILLS, Geotechnical Specialist
Oregon State Depariment of Foresiry, 2600 State Sircet, Salem, OR 97110

GEORGE SAUNDERS, Rescarch Assistant
Department of Forest Engincering, Orcgon State University, Corvallis, OR 97331

ABSTRACT

The Lookout Creck carth flow in the wesiern Cascade Mountains of
Oregon has moved an average of about 1.5 in. (8.9 cm) annually over the
past decade. The currently active slide mass which has been moving for at
least the past 80 years, overlies a 40,000-yr-old debns deposit. Monitored
since 1975, measurable earth flow movement occurs only during the wet
scason; piczometnic level, which is at or near the ground surface, varies only
about 3 i (0.9 m) between the wet and dry seasons. The base of the carth
Now appears 10 be u shear zone about 10 in. (25 cm) thick located at a depth
of 21.5 it (6.5 m). Although canth low movement does nol correlate directly
with piczometric levels, it docs correlate with shear-zone pore-waler pres-
sures computed with a finite-difference approximation to the Terzaghi theory
of one-dimensional consolidation; the finite-difference model uses piczo-
metric pressure measured in the carth flow as a boundary condition. A nse
in pore-watcr pressure in (he shear zone of about 8S psf (4.1 kPa), or 1.4
N (0.4 m) of watcr, is the calculaied threshold value at which the eanh flow
begins to move. However, because the earth flow has a high drainage ca-
pacity, limber harvesting, which affects the ground-water regime, is unlikely
to induce a large increase in movement.



SITE 5. REVEGETATING DEBRIS AVALANCHES AND TORRENT SITES

Thls road backslope falled In 1957, entered the channel below the road, and this
materlal moved as a debrls torrent downstream to Lookout Creek, The sllde scar was
planted with Douglas=fir seedlings many of which survived; but they have stunted growth
and a chlorotlc condlitlon from growing In the nutrlent deflclent subsoll. The torrent
track is now a lush stand of alder overtopped by a few black cottonwood (Populus trlhco-

carpa).

More than 140 such debrls avalanches moving greater than 75 nJ of soll have occurred
from forested, clearcut, and road rlght-of-way sltes slnce 1950 (Dyrness, 1967, Swanson
and Dyrness, 1975). All but two events began ln soll derlved from volcanlclastlic bedrock,
indicatlng the strong control of bedrock and soll types on slope stablllity. In the
debrls avalanche-prone part of the Forest, rates of debris avalanche eroslon from clear-
cuts and road right-of-way exceed the forest rate by 2.8 and 3| times respectively, based
on rates calculated by dividing soll volume moved by 28 years and by the area ln each
land status at the end of the record. This estimate of management Impact on debrls

avalanche eroslon ls similar to results of other studles In the Paclflc Northwest (Swanston

and Swanson, 1976).

This method of measurlng management Impacts can result In substantlal under- or
overestilmates. Management lmpacts may be overestlmated because (a) forest rutes are used
as the natural debrls avalanche eroslon rate, but the actual natural rate should Include
perlods of acccelerated eroslon fol lowing natural disturbances such as wildflire, (b) In
the case of roads, analysls on thls time scale assesses Impacts of some road constructlon,
slte locatlon, and malntenance practlces no longer employed, and (c) management Impacts
are uonly temporary and there may be a one to two decade perlod of accelerated eroslon
fol lowed by a long Interval of debrls avalanche eroslon at rates lower than In older
forested arcas. If (c) is true, cuttlng may affect the timlng of debrlis avalanche
eroslon more than the overall long term rate. On the other hand, management Impacts for
general Natlonal Forest land may be underestimated by Andrews Forest data, because
logglng and roading have generally been conducted with the hilghest contemporary stan-
dards. Furthermore, Intenslty of tlmber harvest actlvitles In the Forest has decllined
markedly since the mid=1960's., These estimates of lmpact are also conservatlve becausc
the calculatlion method uses ares In each land status at the end of the Inventory perlod.
Thls Is the tilme of smallest forested area and largest clearcut und roud right-of=-way
areas. Since we dlvide total volume of soll moved by debrls avalanches for the perlod by
these area terms, the forest debrls avalanche eroslon rate ls overestimated and road and
clearcut rates are underestlnated.

There ls need for assessment of debrls avalanche Impact on long term timber pro-
ductlvity, Thls Ilnvolves determlnlng both landscape area lmpacted by debrls avalanchus
and the recovery of productlivity on these sltes, Ceneral obscervations suggest that arca
affected Is less than a few percent of the landscape, even In debrls avalanche=prone
areas; but recovery rate may be so slow that at least one rotatlon of tlmber productlon
may be lost.
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Effects of Landslide Erosion on Subsequent Douglas-fir Growth
and Stocking Levels in the Western Cascades, Oregon'

D. W. R. MILEs, F. J. SwansoN, AND C. T. YOUNGBERG?

ABSTRACT

Shallow, rapid landslides are common events in steep terrain of
the Pacific Northwest. The effect of landslides on timber growih
potential of forest land was estimated by examining a 30-yr history
of clearcutting and landsliding ia the western Oregon Cascades. The
beight growth of Douglas-fir [Psendorsuga mengiesii (Mirb.) Franco]
and stocking level of all commercial conifer species on naturally
regeneraled landslides were compared with the height growth and
siocking level on nearby, artificlally regencrated clearcut units of
similar uspect, elevation, ages, and slope position. Average height
growth of Douglas-fir trees § to 18 years old on the landslides was
reduced 62% compared (o trees on clearculs, and the average stock-
Ing level was reduced 25% from the clearcut level. One-third of the
landslide area was estimated to be nonstockable because of unstable
or impenetrable substrate.

Additional Index Words: forest productivity, soil disturbance,
stocking potential.

Miles, D. W. R, F. J. Swanson, and C. T. Youngberg. 1984. Effecis
of landslide erosion on subsequent Douglas-fir growth and stocking
levels in the western Cascades, Oregon. S0il Sci. Soc. Am. J. 48:667-
671. 4+
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Fig. 2—Relationship between sapling age and height growth for trees
on landslides and clearcuts.

Table | —Sampled landslide-clearcut pairs site, tree growth, and stocking duta.

Landslide Clesrcut
Landshde Site Landslide Tree S-yrht. 5-yr ht.
age Lyt Elevation  Aspect Slopu map sres sge growth 5.1} Stocking  growth (L1} Stocking
yr m * % m* yr cm % cm Y
6 RF 850 335 1 105 § § 29 1 1
9 RF 550 000 80 12 [ § 0 1 1
0 FO 190 350 100 Fki) [] (] ] 1 1
11 KF 670 165 15 193 [} [ 0 | 1
11 3 1100 180 52 1717 ] 536 120.5) 100 601 113.6) S0
1 FO 760 350 173 J6 6 315 L 17 1 1
1 WF 130 335 67 942 9 1329 192.6) 80 2621 149 H) 1
I cC 130 015 70 550 10 979 1715.8) 95 2259 155.51 90
1" FO 790 190 70 B5R 10 123.0 41.2) 100 1 1
12 cc 820 010 79 79 § [} 54 1 |
14 RF 150 150 85 J18 10 17116 (54.4) 80 1 1
16 FO 670 225 BO 145 $ § I4 1 1
16 RF 120 010 82 563 10 1836 155.2) 100 2580 1597 100
16 FO 760 100 57 325 1l 674 1290} .1} 236 4 473 kg
16 HF 160 170 50 600 12 52.9 135.5) 100 3578 neze 85
16 n¥ 580 130 85 1118 13 423 131.2) 10 s (LY} 7%
17 nc 730 130 40 452 1 759 131.2) 80 164.5 (85 5) 100
17 cC 160 245 18 512 14 2792 166.4) 55 298.2 158.5) 56
17 cc 910 130 50 236 14 3389 150.7) 50 3488 817 0
18 “C_ 560 240 50 I 18 JBl0 1141.2) 80 4075 185 B) 82
19 RF 490 090 70 1065 13 160.1 {70.7) 100 3420 (55.9) 95
u cC 690 280 80 1287 15 126.8 181.2) 46 2374 188 9) 100
F{} RF 1760 020 70 307 18 4173 (80.7) 80 396 4 19301 100
26 cC 890 106 85 192 15 202.8 94.6) 70 3025 97 1 92
28 RF 460 110 70 baé L) 813 150 5) 30 168 % 49.4) 100

1 KF = road(ill, RC = rosdcut, CC = clearcut, FO = forest.

1 Standard deviation of height growth.

§ Landslide trees Loo young (lexs than 5 ysars old) or not Douglas-fir

1 No landslide trees measured, or no clearcuts suitable fur comparison.
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TasLE 2. Average cover for major vegetation types on five landslide

substrates

Vegelation composition on recent landslides in the Cascade Mountains of western Oregon

D. W. R. MiLEs
Department of Furest Engineering, Oregon Stute University, Corvallis, OR, U.S.A. ¥7131

AND
F.J. Swanson
United Stutes Department of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment Station, Corvallis,

OR. U.5.A. 97331
Received August 27, 1985’
Accepted March 13, 1986

MiLes, D. W.R.,and F. J. SwansoN. 1986. Vegetation composition on recent landslides in the Cascade Mountains of western
Oregon. Can. J. For. Res. 16: 739-744.

Shallow, rapid landslides are common events and significant causes of vegetation disturbance in the Pucific Northwest.
Landslides remove surfuce soil and above- and below-ground biomass from steep slopes and deposit them downslope or in
streams. Vegetation cover und frequency were sumpled on 25 landslides aged 6-28 years in the Cascade Mountains of western
Oregon. Lundslides sampled were debris avalunches ranging in surface area from 36 10 1287 m?, in clevation from 460 to 1 100 m,
and in slope from 40 to 173%. The landslides originated in undisturbed forests, recently harvesied tracts of timber, road cuts, and
road fills. Substrates within lundslide areas were separated into five types and the vegetation cover was estimated for each;
bedrock, 19%; secondary erosion, 25%; primary scar, 51%; secondary deposition, 57%; primary deposition, 71%. Vegetation
cover averaged S1% overall and cover ranged from 7 to 88% among landslide sites. No relation between landslide age and
vegetation cover was established. Pseudotsuga menziesii (Mirb.) Franco was the most commun tree species overall and
dominated all substrates except bedrock, where no single tree specics occurted on more than 20% ol the plots. Kubus ursinus
Chum. & Schlecht. was the most common shrub specics on all substrates. Anaphalis margaritucea (L) B & H and Trientalis

larifolia Hook. were the most common herb species on all subsirates except bedrock, where annual Epilobium spp. were most
common.

TasLe 1. Environmient, site, and vegetation characteristics of landslide plots in
western Oregon

é NMNT NS . - TO('.I!
Landslide Landslide vegelation
-E o i 80 age Site  Slope  Aspect arca Elevation cover (%)
; 1 - - (years) type® (%) (*) (mz) (m) (25D, n=13-20)
- L
5 E T mmomn 6 RF 74 335 105 850 2562200
é @ 9 RF 80 0 2 550 3852219
Bl oo 10 FO 100 350 bxy) 790 76.4224.5
2 AR9 1 FO 173 3% 36 760 27.2:322
_ 1 FO 0 19 858 790 B4.52163
Vi =~ 0o 11 CC 70 15 550 730 24 B3l 6
é THnne 1 RF 52 180 m 1100 3562325
= 1 RF 67 335 942 730 47823313
¥ neo=-n~ 1" RF 75 165 193 670 9.2:110
tg|v=ges 12 cC 79 10 79 820 38.3:402
= 14 RF 85 150 318 750 8242202
g 16 FO 57 100 325 760 66 725 8
g S5 16 FO B0 235 145 670 $7.2:446
B 2 g2 16 RF 50 170 500 760 65.9226 |
. g ZEE 16 RF 82 10 563 120 77.82232
8 % g 16 RF 85 130 s 580 71283
£ ag g 17 cc 8 245 512 160 $8.2:30.8
2 § 5% 5 17 cC 0 13 236 910 769+ 13 8
SESE 17 RC 40 130 452 730 5002319
18 RC SO 240 mn 560 $8.02282
19 RF 70 % 1065 490 5382314
24 cc 80 280 1287 690 1122128
24 RF 70 20 307 760 B6.B216 6
26 cc 85 105 192 690 693219 6
28 RF 70 110 586 460 4242289

*RF, rosd hill; FO, fuiest, CC, clear-cutting; RC, rosd cut
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SITE 6. MACK CREEK
The adjacent clearcut and forested reaches of Mack Creek have been sltes of Intenslive
stream ecosystem research slnce the early 1970's, Including studies of condltlons and
roles of large organlc debrls In streams. Large woody debris derived from the adjacent
forest shapes aquatlc habltats, provides nutrients, cover, and substrate for aquatlc
organlsms, and regulates movement of sediment, partliculate organlc matter, and water
through the stream system., Consequently, natural or man-imposed changes iIn debris con-
ditlons affect physlical and blologlcal functlons of streams.

NDebris conditions vary with stream slze. Concentratlons of coarse woody debris (>10
cm dlameter) generally decrease downstream where wider channels have greater transport
capabllity and the canopy ls open over the stream, so input of large woody debris is
lower. Large debris in flrst- and second-order streams is randomly distrlbuted along
streams, and Is generally located where It Inltially fell, because the stream ils too
small to move It. Intermedlate-sized streams, such as thls third-order sectlon of Mack
Creek, can move some large pleces of debris at flood flows, but not whole down trees.
Therefore, these streams have scattered, distinct accumulatlons, many of them affectling
the full channel wildth, Large rlvers can transport all debrls that enters them and they
deposit thls materlal hligh on the banks and on upstream ends of islands. This materlal
then affects the stream only at high flow.

We have studled the hlstory of large debris In Mack Creek by dating log Input to the
stream with tree-ring analysis (Swanson et al., 1976) and by following changes In debrlis
conditlons through tlme. Generally we have observed scattered lnputs during wind storms
and thls materlal moves and accumulates on the large, stable debris jams durlng very high
flow events. Maps made In 1975 of Mack Creek above the road crossling (Figures 4 and 5)
can be compared with the distrlbutlion of logs today to get a measure of varlablility of
debris conditlons. Much of the change occurred durlng a high flow event In November
1977. The maln accumulatlons which were keyed on large, down, old growth trees (MA=-I3]
and MA-16) have remalned Intact with minor modiflcatlon, Accumulatlon MA-14 appears to
have washed out because the maln plece had decayed and partlally collapsed under its own
welght., It was, therefore, hit dlrectly, broken up, and washed downstream by the hlgh
flow., So Ln streams of thls slze, debris conditlons change as a result of new lnputs,
redistrlbutlon durlng high flows, and the slow, contlnual process of wood decomposltlion.

Monltoring of thls slte will contlnue on a long term basis. Changes are observed by
annually mapplng any new or moved pleces and by repeat surveys of monumented channel
cross-sectlons. Changes In the adjacent forest will be followed by annual checks of a
map showling standing and down llve and dead trees In a 2-ha area straddling the creek.
Debris condltlons In streams of other slzes of the same forest type, and some flowling
through younger stands, are belng monltored at other sltes In the area.
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Dynamics of large woody debris in streams in old-growth Douglas-fir forests

LienkaeMPER, G. W, and F. ). SwansoN. 1987. Dynamics of large woody debris in streams in old-growth Douglas- fir forests.

G. W. LIENKAEMPER AND F. J. SWANSON

USDA Foresi Service, Pacific Northwest Research Siation, Foresiry Sciences Luboratory,
3200 SW Jefferson Way, Corvallis, OR, U.5.A. 97331

Reccived June 6, 1986
Accepted October 29, 1986

Can. J. For. Res. 17: 150-156.

Transfer of large woody debris (> 10 cm diameter) from old-growth Douglas-fir (Pseudotsugu menziesii (Mirbel) Franco)
forests into five first- to fifth-order stream reaches (drainage arcas of 0. 1 10 60.5 km?) has ranged from 2.010 8.8 Mg ha ™' - yeur~
in 7- 10 9-year study periods. Amounts of large debris in these streams range from 230 to 750 Mg-ha™ ', with gencrally lower
values in larger channels. The addition of woody debris is widely scattered in time and space and comes mainly from single trees
rooted away from the sireambank. We infer that wind is a major agent for entry of wood into these streams. Downstream
movement of debris is strongly related to length of individual pieces; most pieces that moved were shorter than bankfull width.

TasLe |. Geomorphic characteristics of study areas and year of study initistion

—_—— = ————————

— —
Mean
Wateshed Reach Sample  Stream  bankfull
Initistion  Sueam  Elevation arca leogth area gradient  width
Study site of study  order (m) (km?) (m) (ha) (%) (m)
Watershed 9 1976 1 500 0.1 170 0.06 n 35
Watershed 2 1976 2 550 08 146 0.08 26 5.2
Mack Creek 1975 3} 785 6.0 m 0.40 13 11.9
Upper Lookout Creek 1975 3 s 11.7 483 0.75 ] 15.5
Lower Lookout Creek 9mM 3 435 60.5 350 0.84 3 4.0
UPPER
LOOKOUT

5am

FiG. 1. Woody debris study sites are located in the H. J. Andrews
Experimental Forest, Willamette National Forest, Oregon.

TasiE 2. Estimates ol the amount and input rates of woody debris for cach study site; mass values are based on
bulk density = 0.40 g cm ™’ (see text for discussion)

Amount of woody debris Input rate
Tumover
Volume Muass Yolume Muss nme
Study site n’-ha™") (Mg-hn") (ln'-lu"'yc.xr") (Mg'lu"'yuur " (ycars)

Watershed 9 500 200 14 63 36
Watershed 2 750 30 9 40 83
Mauck Creek 570 228 1 50 52
Upper Lookout Creck 340 136 5 20 68
Lower Lookout Creck 230 92 20 8.8 12
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Tasie 5. Summary of woody debris delivery and redistribution by study si

—————————————

No. of No. of
Datcof No.ol picces moved pieces added No. of
first  picces betweea first  betwoes first  added pieces

Study site map mapped mapand 1984 mapand 1984 that moved
Watershed 9 1976 80 5 12 0
Watershed 2 1976 87 7 15 0
Mack Creek 1975 106 5 43 18
Upper Lookout Creek 1975 303 40 21 L]
Lower Lookout Creek 1977 46 30 12 6
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FiG. 2. The November 1977 high flow redistributed u large amount of wood in Mack Creck. For example, most of the material highlighted i
black (A) was washed out of the study area, but some matcrial was redeposited at the next bend (black picces in B). The stippled log in A broke an
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SITE 7: CHANNEL AND VALLEY FLOOR MORPHOLOGY OF LOOKOUT CREEK

We are interested in the development and pattern of landforms both within the
channel and along the valley floor in high-gradient, boulder-bed mountain
streams. These patterns can be viewed across a hierarchy of spatial scales
extending from the drainage basin to individual particles (Fig. 1). At this
stop, we can view the organization of a 5th-order mountain stream at several of
these scales. Lookout Creek, a tributary of Blue River is the master stream for
the H.J. Andrews and is typical of streams of this size in the western

Cascades. It is one of the primary sites for interdisciplinary studies of
riparian zone structure and function among geomorphologists, terrestrial
ecclogists, and aquatic biologists.

The channel of Lookout Creek is organized into a set of bedform features, termed
channel units. These features, which generally measure more than one channel
width in length, form a distinctive scale of variation in mountain streams. We
have identified five major and three minor unit types; key parameters
distinguishing units include bed slope, relative roughness, flow pattern, and
the proportion of unit surface area exhibiting supercritical or upper regime
flow characteristics (Table 1). In channels having multiple unit types (as
opposed to just pools and riffles), the sequence or longitudinal arrangement of
channel units is an important property of the system. First-order Markov
analysis of channel unit sequences on Lookout Creek and elsewhere (Grant 1986)
demonstrates preferred sequence combinations (Fig. 2). We expect that sequence
and distribution of channel units will provide a basis for discriminating the
morpkology of stream reaches in different geomorphic terranes.

In this part of Lookout Creek, the valley floor appears as a set of low surfaces
supporting vegetation of widely different ages (Fig. 3). Adjacent to the
channel is a low (0.5-1.0 m) surface similar to the active channel shelf
described by Osterkamp and Hupp (1984) and colonized by annual herbs and early
successional species (e.g., Salix). This surface commonly is inundated during
winter high flows. Away from the channel are 1.0-2.0 m high surfaces composed
of boulders and large cobbles and supporting dense stands of young (20 year-old)
alder (Alnus rubra). These surfaces date from the 1964 storm, a flood with
approximately a 100-year return period which eroded valley bottoms, stripped
old-growth and younger vegetation from channel-adjacent surfaces and deposited
boulders and woody debris. Shade-tolerant Douglas-fir are now becoming
established on these surfaces. Bordering the channel in places but generally at
some distance from the channel are higher (2-3 m) surfaces supporting old-growth
Douglas-fir, western hemlock, and western red cedar.

Current research at this site is investigating the linkages between the stream
and the adjacent forest. The proportion of stream perimeter adjacent to surfaces
supporting vegetation of different stature and type directly affects input of
light, nutritional resources, and organic debris to the stream. We hypothesize

that the organization of in-stream biota is correspondlngly influenced by the
structure of the surrounding forest.

Other valley floor features of interest include secondary channels and alluvial
fans from tributary watersheds (Fig. 3). Secondary channels form as the channel
re-occupies or abandons old channels during high flow events; changes in channel
location are often precipitated by shifting woody debris accumulations. The
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Flg. 1: A hlerarchical organization for stream networks.
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size, degree of dissection, and stratigraphy of the fans is related to
terrace-floodplain width and drainage area and debris flow potential of
tributaries. Fans at the mouths of larger watersheds (about 40 to 200 ha) arc
deeply dissected by the tributary streams and had stopped growing by Mazama-ash
time. Many smaller watersheds, on the other hand, continue to construct small
fans in which Mazama ash may be buried up to 4 m deep.

Channel and valley floor features comprise one level of the spatial hierarchy
(Fig. 1). At the next broader level, we can view these features as organized
into a set of 'reach-types', defined by the type and degree of lateral
constraint imposed on the channel by the valley walls. We distinguish reaches
as constrained or unconstrained depending on whether the high-water channel
occupies greater or less than one-half of the total active (<3 m above the low
flow channel) valley floor width (Fig. 4; Table 2). Constrained reaches result
from bedrock outcrops in the valley wall, where active or dormant earthflows
impinge directly on the channel or where the channel is bordered by resistant
banks due to alluvial fans or glacial outwash.

Reaches differ in terms of both channel and valley floor characteristics

(Table 2). Constrained reaches tend to have a greater proportion of their
length in pools than unconstrained reaches; this may be due to higher frequency
of pool-forming elements, such as bedrock outcrops and large boulders in the
channel along these reaches (Lisle 1986) (Table 2). Since constrained reaches
are as steep or steeper than unconstrained reaches, they also have greater
frequencies of steep (rapid and cascade) units (Fig. 5). Unconstrained reaches,
such as the one we are located in, have wider zones of herbaceous and non-woody
vegetation bordering the channel and greater distances to coniferous vegetation
(Table 2), suggesting that detrital and light input to these reaches is
substantially different than in constrained reaches. Multiple channels are also
characteristic of unconstrained reaches (Fig. 3).

Current research is focusing on both morphogenesis and dynamics of channel and
valley floor units as well as quantitative description and comparison of
reach-types in different geomorphic settings. We expect that the sequence of
reaches along a channel will prove significant both in interpreting the
processes leading to reach formation and understanding how biological systems
track physical processes and landforms.
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Table 1: Sumaary of average channel unit characteristics, Loohout Creek
Unit area Width ratio (a)
in super= s
Length Unit slope/ critical kelative Flow
(channel  Slope topographic flow  roughness Lowflow Active pattern
widths) (\) long slope (1) (D84/R) (e/n)  (w/m)
Pasls YT TN e 0306 0.9 1.0 Divergent
Riffles 1.4 1.0 0.5 5-15  0.5-1.0 1.0 0.8 Divergent
kapids 1.6 2 1.1 15-40 0.5-1.5 1.2 1.0 Straight
Cascades 1.1 5.2 2.4 0-100 1.0-2.0 1.5 1.3 Convergent
Bedroch falls |} 5.6 2.§ 40-100 1.0-2.0 1.3 1.0 Convaergent
Badrock steps 0.3 9.2 4.2 90-100 1.0 0.9 0.9 Straight
Boulder steps 0.3 13.6 6.2 90-100 1.0 1.3 1.0 Straight

(a) Width ratio is the ratio of upstreem to dusnstreew channel width, defined in teras
of e1ther tha lowflow channel or the ective (unvegetated or highwater) chennel.
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