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Course Overview:

This portfolio is the resulting product of the E88iver Environments course hosted by Western Qrego
University Professor Dr. Steven Taylor. As thketg#uggests, the course focused upon the intenactio
between dynamic river systems and land topograptyhaw each plays a role in forming and reforming
the other. The distinctive contrasting events thdiold in patterns of deposition and erosion anadeed

and diverted rivers all leave tell-tale marks @femlogic history recorded in the rocks. Observegiof

present processes provide the foundation for ufireywpast events.

Goals and Objectives:

Without greater fanfare, the objectives of thisrseuvere well founded in the effort to tell thergtof the
greater Deschutes River Basin. We began with mapmsanalysis to draw attention to and categoyicall
determine changes in landscape features. Thisouelihgy took on a four-fold question: What is the
landform? What materials are associated with thdftam? What processes were/are active to produce
the landform? What estimates of age can be rebioha placed on this landform? The ensuing answer
allowed the observer to construct a basic histbth® feature examined and begin a cursory syrghusi
regional paleogeology. Following the landscapdyag the course turned attention to historicaltyive
geologic features of volcanoes and the mountaildimgi processes of plate tectonic subduction aed th
land building effects of volcanic deposition in fleem of basalt flows or plumes of ash or pumidde
always active erosive properties of water tunedadiention to the breakdown and exposure of depasit
layers, knickpoint migration and then to large salents associated with the Missoula Floods. lligina
the convergence of active deposition and erosistesys were observed and discussed in relation to
greater geologic events. With first hand expemeaicexposed road cuts, test pits and soil sanmples,
gorges and scenic outlooks, this course reveal®tie needed to understand the history of ourecuirr

geomorphology.
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Field Stops:
This map of the River Environments field trip roated can be accessed as an interactive digitalatnap

Google Maps
http://maps.google.com/maps/ms?ie=UTF8&hl=en&t=p&nrd&msid=112002642499827807760.00045489f954c8b3KiB#44.504341 .-
122.080078&spn=1.715955,3.850708&z=8&pw=1

or view inGoogle Earth

http://maps.google.com/maps/ms?ie=UTF8&hl=en&t=p&rd8&msid=112002642499827807760.00045489f954c8bIRa@tput=nl

North Santiam State Park

This valley bottom is represented by two facttus, river passing through and the presence of
higher surrounding elevations, some of which af@erd as seen in the accompanying photo. The
exposed substrate above the water level is poerhy-sorted rounded regolith ranging from sand to
cobbles, a convincing sign of water deposition giodisturbance in the area would not reliably
identify clast imbrications. It is likely that thizar is regularly washed this high as no vegetation
present. Based on vegetation growing along the baak, this deposition may be decades to
centuries old. The hill slope in the backgroundesgyp to be mostly destabilized soil wasting int® th

river, evidenced by the lack of vegetation in thaecific location.
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Big Cliff Dam Detroit Lake

Big CIliff Dam is a man-made dam used for floodtcol, electricity and recreation related
activities. Situated at a valley bottom, this dake imany others and has generated controversy
regarding salmon and native fish migration. Notloe fisherman in the photo is situated on the
resivior side of the dam and not down stream. Tdtergial energy stored upstream is converted into
kinetic energy as it passes over the dam stripgway sediments downstream. As a result polar
characteristics are associated with opposite sitidfss dam. Many of the dams built in this area
date to the late 50’s to early 60’s. The statestédoration due to weathered age places this
generation in the forefront of a paradigm shiftliMfie dams be renewed continuing their service to

society or removed allowing reestablishment ofugatish populations and natural cycling?
The rocks seem along the roadside next to the darolder than the rocks in the Cascades. As one

travels toward the Cascade range, the rocks getggras the Cascade mountain range is generally

considered an exceptionally recent formation.
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Suttle Lake/Mt. Washington

Suttle Lake/Mt. Washington: Overlook From this oxew site, Mt. Washington and Black Butte

are both visible, as is Suttle Lake below. The roaiddisplays diamicton, evidence of mass transport
perhaps land slide. Mt. Washington with it's acapex shows the signs of an old mountain carved
by alpine glaciers. Black Butte, several milesh® ¢ast of Suttle Lake shows little signs of
glaciation with a more perfect volcanic cone. Winaikkes Black Butte less weathered? With it's
respective distance, Black Butte is in the Cascanteshadow, resulting in little to no glaciation
whereas Mt. Washington is on the Cascade rangeradating abundant precipitation and thus
glaciation. Suttle Lake is the resultant fill watdra glacial moraine dam. As glaciers retreat nigte

is deposited at the drainage point creating a ddra.lake has yet to work through this dam.
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Newberry Caldera

At nearly 8,000 feet, Paulina Peak sits at theofappe Newberry Caldera. From this vantage point,
approximately 300 cinder cones can be seen ddtim¢andscape. Within the caldera two sizable
lakes have formed and a curious recent obsidianm dlated younger than 1,200 years old.
Significantly distant from the volcanic Cascadeswierry is not likely the product of subduction
zone volcanism. Rather, at the convergence of flandelines stands Newberry as a lone volcano,
still active due to magma below. Lava flows ar@iwerse nature, basaltic, andesite and rhyolith.
The presence of Mazama ash overlying some flowisgl#tem old than 7,000 years (C14 dates
several tens to hundreds of thousands) whereagygotiows have buried Mazama ash making

them younger than 7,000 years old.
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Little Crater Campground

Little Crater Campground Water has collected is #riea likely due to a lava dam. This site was
noted for a surface level a few meters above watel. Wave action may easily erode away banks
producing a terraced effect as is visible in thachted photo. In comparison to the surface level of
the outlet, it is apparent that uplift has takescplon the eastern portion of the lake, more ecelen
of a still active volcanic setting. The age is hkkess than the last significant eruption placed a

about 1,200 years old.
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Paulina Lake Outlet

Paulina Lake Outlet As can be seen in the photoothlet water meets the bank in a very subtle
level fashion. The lava dam that has establishisddke is slowly eroded by the water action fajlin
over the knickpoint. With the erosion of the kniokmt, a steady progression upstream would be
expected. See Paulina Falls for greater evident@sophenomenon. The erosion of a knickpoint
should be noted by an increase in water flow, eagastrophic flow. The channel eroded by the
stream from this outlet shows evidence of bloclptimg and larger scale transport downstream. The

age of this stream is about 1,200 years old basexstmates of the formation of the lake it's self.
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Paulina Creek Falls

Paulina Falls Knickpoint This falls is a dramati@aemple of water’'s downward gravity pulled
progression and knickpoint migration. Errosive watetivity undercuts behind the knickpoint

causing collapse and a retreat of the knickpoistr@am. The photo shows several exposed layers of
lava flow as well the classic crescent shape etr@ating knickpoint. Boulders at the valley bottom
indicate mass transport in process, though nottidike at this time. Past catastrophic events may
have resulted from knickpoint migration toward thelet triggering a massive water release down
stream. In this light, the presence of the riveyina much older than the current lake. Calculations
indicate erosion of the knickpoint at 1meter pearyenigrating the knickpoint to the outlet in
approximately 1,000 yrs. The last flood event asded with this migration took place nearly 1,500
years ago (Goodrich, 2008).
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Lava Butte

Lava Butte is a single cinder cone of the 400 thake up the Newberry Volcano Complex. The
cinder cone was formed by small eruptions of ciadgouted from the vent below. As the cinders
cooled and harden further buildup mound into tingdacone visible today. The Southwest rim is
higher likely the result of prevailing winds camygithe preferential wall. Two eruptions are
associated with this feature, cinder and ash tlakienup the cone and the second is a large basalt
flow from the West wall moving Northward. The bls$w is by far the greater volume of the two
eruptions and still leaves it's mark on the suriing terrain in deep aa formations, but also result
in the damming of the upper Deschutes river intatwh known as Lake Benham. The lake reached
at least 80 ft. deep and covered 17 sqg. miles. spikeover of the lake, known as Benham Falls,
downcut the less resistant rock and formed anatimeadl lake filled quickly by sediment now
preserved in the rock layers. Carbon-14 datesmhateous deposits to less than 7,000 years (post-

Mazama), indicating that Mazama Ash could be folbmded below the Lava Butte flows.
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The Dalles Hwy 197 Roadcut

The Dalles Highway 197 Road cuts

The Dalles, at the end of the Deschutes River, stdalles formation basalt capping Columbia
River Basalt Group and lower silt made of Missdtllaod deposits. The Columbia River Basalt
Group was deposited about 17 million years ago¥atid by the Dalles Formation and resulted in
the Columbia Plateau. The recurring Missoula Fsogenerated water discharge great enough to
erode through the Columbia Basalt Group leavingdldeposits behind. Scouring marks in the
gorge indicate high water marks for the Missoulaolls

At the road cut sites, successive stratigraphieriag of poorly sorted sub-angular diamicton
followed by well sorted material and topped witlgokth. These layers suggest this area was a
valley bottom covered in volcaniclastic deposiark layers sandwich a lighter layer of calcium
carbonate (determined by hydrochloric acid tesipa of a soil development during a stable time
period. As minerals dissolve in water infiltratidgwnward they reprecipitate into this lighter laye

called a paleosol.
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Petersburg Bar

This mound of generally well sorted sub-angulavgt deposits stands about 100ft high. The water
direction can be indicated by cross-stratificati@vidence of the Missoula Floods rushing down the
Columbia River gorge can be seen from large grdepbsits on top of the Columbia River Plateau.
These deposits indicate tremendous water velooiflyesosive capacity of the river surge. The
Missoula Floods are dated about 12-15 thousand ysegr making this deposit about the same age.
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Fairbanks Divide

This overflow notch is a low point indicates armgoivhere Missoula floods rushed over a low point
along the hill slope plateau carving out this chtastic shape. The Petersburg Bar is the resulti
deposit of such a notching event dated with Missélibods at 12-15 thousand years ago.

Celilo Falls Overlook

This feature is an overlook of what was a Celili=aWith the construction of river dams, the
rising water level surpassed the height of the Maltknickpoint. What was once a water fall is
now underwater. This site was favored by Nativeefinans who netted fish migrating upstream.

This feature was dwarfed in the event of the Miss&iloods creating this characteristic butte and
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basin type scapland topography.

Trout Creek Roadcut

This feature is adjacent to the Deschutes Rivears¢gd by a distance of about 200 meters.
Stratographic analysis of this site shows an exppbsse of soft mud sediment, overlayed by poorly
sorted rounded cobble and pebble diamicton, a lafypumice, more cobbles and topped with a mud
rock diamicton. An organic layer caps the uppetrhosizon.

Too far away for Missoula Flood deposits, the mumhae shows signs of a wet environment, the

cobbles and pebble diamicton suggest a mass wasterg, followed by airfall pumice from Mt.
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Jefferson dating to 100,000 years. River coblrideate a running river that filled at least pdlyia
with sediment seen as mud stone. This mud stoyeoméhe result of damming from Lava Butte

some 7,000 years ago where slack water or slowmgaovater deposits silt and other materials.

Warm Springs Railroad cut

Stratigaphic study of this railroad cut revealdrath terrace, with John Day formation (20 mahat t
base, overlayed by diamicton, a layer of pumicéd€dson, 100 ka) and two succeeding layers of
subangular to rounded rock with silt deposits betweAt the base, an intersection of John Day

basalt and fine mud stone is associated with anlangnconformity angling downward.

What was a very narrow canyon in the upper Deseshue become a very wide river plain in the

middle Deschutes. This indicates a change indbistance of the exposed rock to one that is
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significantly less resistant to water erosion.

Raft Camp/ Deschutes Hydrology Lecture 1

At river mile 80.4, analysis of ground water disgfeawas made calculating Deschutes river flux.
With a very consistent river level, the Deschutest$ rafting regularly all year long. Other rivers
exhibit seasonal flux with highest levels duringiyaseasons and lower or dried river beds during
drier months. The Deschutes watershed owes ittervgaipply to the Cascades. Snow melt and
runoff east of the Cascades slowly infiltratesgheundwater and is transported toward the
Deschutes river basin. Because the pores in tti@ble are small, groundwater is slowly moved

creating a significant time delay from seasonat #itithe Cascade Mountain Range to a regular
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discharge into the river months to years later.

The Pot- landslide complex

This feature demonstrates regular contour linesaading irregular hummocky lines closer to the
river showing a knob-and-kettle topography. Ceiset activity may have triggered a mass wasting
event into the river. Such a catastrophic evenild/bkely cause a damming event that created a
lake environment depositing sediment along increggihigher banks until the water could break
trough the dam. A break through would result large flood event releasing tremendous volume of

water down the river channel scouring the rivetdrmatand edges. More resistant and cohesive
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materials still maintain their hill slope positias seen in the photograph, whereas other materials
have been and are still in process of erosion @m$port down river. Large block deposits into the
river have created turbulent rapids in the rivenereby the rapids are actively in the state of

change. Dating this feature should coincide watigé¢ scale earthquakes in the region.

Raft Camp: Deschutes Hydrology Lecture 2

At river mile 74.4, analysis of historic floods veemade by examining data series of past flood
events on record. Meteorological floods were ass$ed with rain and snow, but only two were
most significant resulting from a rain-on-snow canabion. Geologic floods, however, are far
greater in magnitude but much less frequent. @afasic flooding usually takes on geologic origins
as a massive storage mechanism is required. Betlaere is a maximum amount of water that can
be stored in the atmosphere, meteorological fléwale a maximum capability to cause flooding,

whereas geologic floods take on a damming evehtcHrastore an excessive volume of water.
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When the dam is breached, the storage capacitypisned and large scale floods take place.
Fortunately, this kind of storage takes extensmmeqals of time and can not be repeated frequently.

A key example of this kind of geologic floodingf@ind in the Missoula floods.

Dant Debris Flow

Narrow canyon walls suggest a resistant Clarnolbg&ama) considered to be transport limited.
With a landslide event, the river progressivelyde®and transports material down river. In this
case, materials still linger as the river has matcpmpletely removed the debris. This may be the
sign of a recent landslide, or even a very resistaok. In either case, this is another exampla of

dynamic interaction between the land forms and iny&rology.
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Outhouse flood bar

This gravel bar represents a deposition eventgifdriwater levels. Flooding water with greater
energy may have carried scoured gravel from upustreWhen the river overflows it's banks the

river loses energy and deposits material it calong transport. Because this area is flat outhouse
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flood bar is named for the preferred location afding outhouse facilities for recreational river
use. Dating of buried carbon containing matepats/zide a 5-6 ka date to this flood event.

Harpham Flat area

Closer to Maupin, the Clarno Formation is no longgrosed with only the Columbia River Basalts
visible with a capping of Dalles Formation. WitletColumbia River Basalts at 14-17 ma and
Dalles Formation at 7-17 ma this area is clearbpmshg more youthful basalts than the upper

Deschutes.
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Course Synthesis and Summary:
A: What are the dominant processes that influence wesin and central Oregon Rivers?

Oregon rivers are influenced by two basic processmsion and deposition. Deposition is a
building process that layers sediments, debrig taair fall on older deposits. Erosion, howewaets as
a removal process that weathers and breaks dowlrfédams. The progression of erosion in one locatio
will result in deposition in another. For exampssoula Floods scoured the Columbia gorge in an
erosional manner, but deposited great mounds ekgffeom this scouring event on the upper levels of
the canyon wall. A lesser extreme example ingdute breakdown and transport of rock that falis in
the river and transported toward the ocean whesdlieventually be deposited.

As one my suspect, these two processes are adtéormed by similar or even the same agent.
Wind often provides enough energy to carry finargg@nd deposit them elsewhere, but in the same
motion lash the fine grain into surfaces that reisuérosion. Water in the form of rivers or stresacan
transport larger particles and thus can more ragidide material and deposit larger objects. Likew
water in the form of glacial ice can carry muclgkarobjects and carry them excessive distancessidfr
of this sort (such as the apex of Mt. Washingtergn an equal scale as the vast time period exqutéss
glacial migration. Deposition from glaciers candoegreat that moraines can dam rivers into lakex.
erosion can be experiences in as little as mechbieaking due to gravity or even simply deposity
the same means. And surely if natural process$ke®irce rivers, human activity has ventured to basn
these as well. The removal and transport of medteyia key element to human industry and manifests
itself in projects such as large scale dams.

Ultimately, these processes come down to thregggrsources, solar (wind, human activity),
geothermal (volcanic, tectonic) and gravity (watgacial). From these three energy sources, anakio

and depositional processes derive their abilityitape landforms and rivers.

What are the landforms associated with lower hill ®pe and valley environment environments
along western and central Oregon Rivers?

Hill slope anatomy can be separated into nine adbariatic regions. The first three regions descthe
upper slope more similar to that of a canyon rifhese regions are the interfluve, seepage slope and
convex creep slope. The next two regions show maateansport down the slope, these are the &l f
and the transportational midslope. The collecibmoved material from these upper regions aredall
the colluvial footslope and the alluvial toeslopEhe last two regions describe the interactiorhef t

hillslope with that of the river, these are theruia wall and channel bed.
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B: Compare and contrast precipitation patters wesbf the Cascades vs. east of the Cascades. What
are the dominant controls on these precipitation perns? What types of meteorologic conditions
cause flooding west of the Cascades? What meteargic condition causes the highest magnitude
floods? What types of meteorologic conditions caadlooding east of the cascades?

The Cascades high elevation causes moisture inlglwaveling inland from the ocean to be deposited
due to cooling at the higher altitudes. This gration wets the western portion of the Cascaddse
cooled and otherwise moisture deficient cloudsdtaver the Cascades toward the eastern portion.
Because little moisture remains in the clouddelithin is experienced in the eastern regions.hSuc
phenomena is called the rain shadow. Water fluxvers has few controls and floods regularly witho
the containment due damming projects all alongdanger systems.

Flooding events in the western region that rasutighest magnitude flooding events are the
combined effect of higher than normal rain on avgesmow pack in the Cascades. The rain and snow
melt cause a greater water surge than river baark$iald causing large flood events. In contrashéo
western portion of the state, eastern flooding s/érat overflow river banks would need little ménan
extra rain fall. Because this region has shalloussgenerally flatter topography and infrastrueti
designed for lesser precipitation, flooding woutetar more readily with minor increases in rain.fall
Due to the influence of the Deschuttes watershedould be expected that water draining from the
eastern portion of the Cascades mountain rangedwesult in flooding, yet ground water with slow

infiltration rates control for fluctuations in theater level.

C: What types of climatically-driven and tectonicdly driven geologic processes result in large
magnitude flooding in western and central Oregon?Compare and contrast the magnitude of floods

associated with meteorlogical vs. geological proces in western and central Oregon.

Meteorologic floods, those cause by weather pattemme to mind most readily when flooding
events take place. Rain may fall, snow may madtatarger than normal water surge takes place as
water is collected from the watershed into therrivéet because water from meteorological processes
must be stored in the atmosphere, a finite amolwater can be precipitated at any given episode.
Because gaseous water is far less compact thad basolid, a great deal of water vapor is neeied
form substantial precipitation events. This methias flooding events are limited in magnitude bg th

storage capacity of the atmosphere.
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Historic floods of modern times demonstrate arra#tee water storage capacity in the form of rain
on a heavy snow pack. Water storage in the frosnofv is melted by increased rain, the combination
resulting in a large magnitude flooding event. M#&tich a meteorologic formula, this type of event i
relatively rare on contemporary standards, butikely frequent on the geologic scale. This i€dmtrast
to geologic processes that result in floods.

If storage capacity is problematic from atomosphesater, it is easily solved by geologic based
flooding phenomena. Should a large scale dammiagtdake place, water would begin to back up
behind the dam, essentially stored until it canrfte® the dam or break through the dam. Such damgmi
can take form in glacial ice dams, glacial moralaens, lava dams and dams by mass wasting. Examples
of such damming events include the catastrophistik Floods, whose flood magnitudes shaped much
of the northwest landscape seen today. Yet ewesetfioods are mentioned in the plural indicatimg t
was an event that took place with some repeategidrecy between 12-15 thousand years ago. Compared

to the meteorologic floods, geologic origin flocat® greater in magnitude but far less frequent.
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Field Trip Reading Questions:

Review Concepts pg 203-204

1. Using your class notes, write and explain the feilg equations that pertain to fluvial dynamics

(show all of your unit algebra in metric units).

a.

Force= (mass of object)(acceleration) Objectsrad#rbe moved unless acted upon by an
outside force.
Work= (force)(distance) Work done by a river coblishown by the ability to transport

boulders down stream.

c. Weight= (mass)(gravity) A force resultant of massl the pull of gravity.

d. Density= mass/volume More dense objects, suchoss rack, have a greater

mass:volume ratio than water (1 g/ml) and assevatd the bottom of a container.
Potential energy= (mass)(gravity)(height) Thithis amount of energy a system has
stored. Potential energy is illustrated by waeked up against a dam.

Kinetic energy= (1/2 mass)(velocify)This is the energy due to motion, as one wouéd se

from water rushing through a dam structure to @a af lower potential energy.

2. Using your class notes, write and explain the feifg equations that pertain to river hydrology.

a.
b.

f.

Flow velocity=(distance)/(time) the rate at whitie wwater is traveling per unit time.
Discharge= (average velocity)(cross-sectional afBa amount of water that flows
through a given cross-section plane.

Wetted perimeter= 2(channel depth) + channel witlkie portion of the river channel that
contains the river where friction between the watgd container occur.

Manning’s equation (v)= (1.49R%S%)/n v= mean velocity, R= hydraulic radius, S=
slope, n=roughness coefficient.

Stream power ()= (specific weight)(discharge)(slope) This is ttmount of kinetic
energy available for work.

Roughness (Manning’s n)= coefficient of roughness

3. Day 1 review questions

a.

List and briefly define the 5 agents of transpothe earth’s surface.
i. Wind- transport of particles by air currents

ii. Water- transport of particles and larger matetglsvater flow.
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V.

Ice- glacial action can scour landscapes and taahspry large materials great
distances over long periods of time.

Gravity- the force pulling objects toward the cerdethe Earth. Mass wasting
events are the results of gravity’s ultimate attoac

Human activity- people move objects from one |lamato another.

. What are the 4 criteria necessary to systematiealfyze the geomorphic character of the

landscape?

To characterize the landform it is important tdude landform, age, materials and

process.

. What are the two primary controlling factors théda rivers to perform geomorphic

work?

Gravity and climate are both controlling factorgatved in fluvial geology as both

are constantly act upon the river at relativelysistent levels.

Define the following terms as related to surficizdterials.

iv.
V.
Vi.

Vii.

viii.

28

Regolith- In contrast to bedrock, this is softettenial usually the resultant deposit.
Bedrock- in contrast to regolith, bedrock is anéabto the Earth’s interior.
Alluvium- deposits from a river

Colluvium- gravity-processes deposits

Till- glalcial formed deposits

Diamicton- poorly sorted deposits, large and smatiaterials mixed together.
Cross-stratification- angled deposits due to trartsfwvind or water)

Clast imbrication- the angled arrangement of cabbdsulting from water flow that

point down stream.
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Than changing topography of the canyon walls frbat bf steep evenly spaced contour lines to rather
irregular and then return to even spacing suggektsdslide complex. The hummocky terrain is
consistent with a mass wasting event as is theepoesof a rapid where debris would have dammed the
river but has since been washed away. More resistaterials still linger in this portion of thever, not

yet eroded by the rivers activity.
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