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The Marmot Dam was a hydroelectric diversion structure on the Sandy River in 

Clackamas County, OR.  The dam was recently decommissioned, in October of 2007, by the 

Portland General Electric (PGE) company, but stood for nearly one hundred years, first as a 

timber dam then as a modified concrete dam.  PGE partnered with multiple local, state, and 

national agencies to assist in the assessment of the benefits and consequences of the Marmot 

Dam removal.  One of the chief concerns in a project of this nature is the long term affect the 

removal of the dam will have on the river.  Because of this, geomorphologists from Johns 

Hopkins University, in partnership with the National Center for Earth-Surface Dynamics 

(NCED), are involved in observing the changes of the Sandy River through the release of the 

750,000 cubic meters of sediment (Tanner, 2009) stored in the Marmot Dam reservoir. While 

observing these changes, an estimated sediment budget was compiled to see what changes to 

bars, banks, thalwegs, and general river structures have to do with the sediment released from 

Marmot Dam.  To calculate the certainty of this budget, it’s important discover if there are any 

sediment contributors independent of the reservoir sediment below the Marmot Dam site.  An 

obvious place to start checking for outside sediment contributors is erosion of local geologic 

strata that make up the banks, cliffs, and landforms adjacent to the Sandy River. 

Though these cliffs and ridges are experiencing failure from fracturing and erosion year-

round, much of the sediment contributed from this sort of erosion is fine and suspended 

sediment.  Because fine and suspended sediment will have such a miniscule effect on the 

changes to river forms and structures, they aren’t considered in the sediment budget of the 



Marmot Dam ongoing study.  Instead, this study is interested in bedload sediment, because 

boulders, cobbles, gravel, and sand each play a much larger role in the shape and form dynamics 

of the river. 

This project entails making a basic stratigraphic column of a prominent cliff in a key 

reach of the ongoing Marmot Dam study.  This lithologic data will be used to better understand 

the compositional materials within each geologic layer and therefore the bedload contributions.  

Then, using repeat panoramic photos of the cliff area from the past two and half years, it will be 

possible to broadly calculate the quantity of sediment contributed from cliff landslides.   

Stratigraphic Column: Methodology 

Making the stratigraphic column required discovering the lithology of each of the layers 

that made up the cliff.  On a cliff that’s nearly 30 meters tall this required observation with 

binoculars to differentiate between coarse layer composition and color.  This also required 

swimming across the Sandy River for all on-site fieldwork; wearing a personal flotation device 

and having dry bags for sensitive equipment was essential.  Samples collected from landslides, 

placed in labeled plastic bags, helped to identify name, composition, and depositional 

environment of each layer.  Detailed field notes were taken in a “Rite in the Rain” field book and 

contained sketched hypothetical stratigraphic columns, layer descriptions, photo descriptions, 

and a sample log.  Scaled photos taken of distinguishing features, such as landslides, landslide 

surfaces, soil horizons, laminations, and tree root systems, were helpful in recounting details 

about the geology and specific landslides.  Also, falling rocks were avoided at all costs.  The 

stratigraphic column was digitally assembled in the program Paint, Adobe Photoshop, and 

Microsoft PowerPoint.   



 The top 12 meters of the cliff were too high to obtain samples in situ.  However the 

sediment stuck to the root systems of many fallen trees provided a way to sample the 3 meters 

underlying the “O” soil horizon (see Figure 1); and by noting the color and location of fallen 

debris on higher parts of the landslides, it was possible to sample every layer.  For example, the 

gray gravel conglomerate (A2), was very difficult to find a sample of until a large tree was found 

that had knocked a massive block of it loose on its descent. By matching the tan lenses of 

sediment on this layer with the tan lenses visible on the strata still connected to the cliff face, it 

was easy to identify the location of this particular layer (Figure 2). 

Stratigraphic Column: Analysis and Conclusion 

Beyond simply identifying the rock type of each layer, the depositional environment of 

each layer was hypothesized and correlated with regional glacial, volcanic, and geologic history.  

The stratigraphic column records two important local geologic events: the Timberline eruptive 

episode of 1440-1780 years ago (Cameron & Pringle, 1986) that melted glaciers and mobilized 

multiple lahar events down the southwestern river valleys of Mount Hood (A-C), and somewhat 

older glacial lacustrine environments choked with volcanic ash 4000-5000 years ago (Porter & 

Denton, 1976) during the Neoglacial activity of the Holocene Optimum (D-F). 

• [O, ½ meter] An organic soil horizon that is covered mostly by low grass with 

thicker shrubs and tree vegetation closer to the cliff’s edge.  Consists mostly of 

fine sediment and sparse cobbles and gravel. 

• [A, 2 ½ meters] The two following sub-layers were grouped into one layer 

because their depositional environments indicated they were deposited around the 



same time in a similar event.  A1 and A2 are really several smaller layers/events 

stacked on top of one another and even interbedded in some segments. 

 [A1] A silty tan sandstone with volcanic tuff fragments suggesting 

a local extrusive felsic protolith.  The tuff is indicative of the 

weathering of  materials from a geologically  young pyroclastic 

flow from Mount Hood within the past ½ million years (Gardner, 

Scott, Major, & Pierson, 2005).  The deposition of this layer was 

likely associated with the Timberline lahars from 1440-1780 years 

ago as they fined on their journey down the Sandy River 

valley/basin to the Columbia River (Cameron & Pringle, 1986). 

Small braided streams on the top of the lahar debris flow fan may 

be responsible for this fluvial deposition. 

 [A2] A gray gravel conglomerate that is poorly sorted and seems 

partially cemented.  In preliminary field work, the materials were 

assumed to have been glacial outwash and till from small melting 

episodes, however, dating the debris flow with the Timberline 

lahars places their timing in closer congruency with the 

surrounding layers, and, fits the profile of the upper Timberline 

deposit in Cameron & Pringle (1986). 

• [B, 6 meters] A white-gray-tan boulder-coble conglomerate that is poorly sorted 

and has no apparent grain orientation or imbrication.  The consistent strata 

presence and thickness throughout the local region suggests one large debris flow 

event from extrusive igneous activity, melting snow and glaciers, and 



mobilization of Mount Hood sediment.  This layer coincides with the 

characteristics of one of the major debris flow layers of the Timberline eruptive 

lahar events (Cameron & Pringle, 1986), such as its central location within the 

entire debris flow, and maximum grain diameters of 20 cm (observed in scaled 

photos of eroded “grains,” Figure 3). 

• [C, 6 meters] A red-orange moderately sorted sandstone with coloring from 

secondary iron oxidation of hematite nodules, bands, and visibly euhedral 

crystals.  Cross-bedding strongly suggests a fluvial depositional environment, but 

can also be accounted for as a layer associated with the lahars of the Timberline 

eruption.  Debris flows form debris fans which tend to fine away from their 

source of origin and form a sequence of sand before a larger sequence of boulders 

and cobbles (Cameron & Pringle, 1986). This stratigraphic layer represents the 

bottom of one of the Timberline lahars. 

• [D, 3 meters] A blue-gray fine sandy siltstone with thin laminations and some 

very fine cross bedding.  The density and size of the mica (muscovite, some 

biotite) crystals suggest a felsic protolith of close proximity; while leaf litter and 

other vegetative detritus form distinct layers.  The laminations, organic material, 

and fine grain size suggest a shallow lacustrine environment of possible glacial 

origin.  The cross bedding, however, suggests episodes of some sort of fluvial 

current.  This layer may in fact display the transition between a calm 

glaciolacustrine environment and the Sandy as it currently is today.  As the 

precursor to the Sandy fought its way to this glacial lake, eventually it would 

grow in size and velocity, and during high flows the glacial lake would overflow 



and, in essence, simply become a deeper and wider part of the river; conveniently 

harboring an environment where a siltstone could obtain fine cross bedding.  

Glaciolacustrine environments were possible in this area between 5,000 to 6,000 

years ago during an event termed the “Neoglaciation period,” named for the 

revival of regional glaciation in the Pacific Northwest during the Holocene 

Optimum (Porter & Denton, 1976). 

• [E, 9 meters] A tan-gray silty claystone with large vertical fractures, high 

muscovite content, and some organic materials.  No distinct laminations, only 

large layers distinguishable by water absorbency, color (from apparent varying 

moisture levels on cliff face), and brittleness.  The absence of fine laminations in 

this clay-dominated layer suggests fairly rapid deposition from an extrusive 

igneous event that clogged the local fluvial channels that fed this glaciolacustrine 

environment with volcanic ash. These sorts of conditions would be perfectly 

consistant with a glacial lake near a volcano with an extrusive igneous record 

dating back 30,000 years (Gardner, Scott, Major, & Pierson, 2005). 

• [F, 2 meters] A gray-brown claystone with thin laminations (see Figure 4), some 

muscovite, and some organic matter.  The lack of cross bedding suggests a stable 

glaciolacustrine environment.  Perhaps this is a brief picture of a calm respite this 

glacial lake experienced before increased volcanic activity and before the eventual 

return or creation of the Sandy River altered the depositional environment of this 

area. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 3: Grains from middle of largest landslide; 
hammer for scale (28 cm in length) 

Figure 2: A2 showing identifying tan stripes; 
hammer for scale 

Figure 1: Root system w/ "O" and A 
fragments; hammer for scale 

Figure 4: Layer F laminations; hand for scale

 

 



 

 

 

 

 

 

 

 

Figure 5: Stratigraphic column of the cut bank cliff upstream in reach B2 

 

 

 

 

 

  

 

 



 Theoretically, when this cliff erodes, the ensuing landslide would be a proportional 

mixture of each geologic layer.  In this perfect landslide, the three bedload contributing layers, 

(A, B, and C,) would make up 48.3% of any landslides volume: 

      

 However, from observing the cliff face itself as well as large landslides, the pattern seems 

to be that the river first undercuts the highly fractured lower claystone layers and weakens the 

upper layer which eventually causes them to fall in a large and dramatic landslide.  Because of 

this, when a large landslide from layers A-C occurs, it should consist mostly of A-C sediment 

overlying a smaller percentage of fine D-F sediment (initially, until more erosion and fracturing 

leaves fallen pieces of layers D-F on the landslide surface).  When calculating landslide size, 

keep in mind that much larger bedload sediment contributions should be calculated than the 

percentage of fines.   

 When eroded, the claystones that make up the lowest 11 meters of the cliff face do not 

erode or transport like one would expect a fine sediment host rock to behave.  Essentially, the 

clay starts out in situ as a dry and brittle sedimentary layer, but due to the clay property of 

cohesion, upon contacting the water it becomes almost instantly more resistant to erosion as it 

absorbs water, adheres to itself, and becomes more dense.  These waterlogged clay clumps, of 

sizes over 2 meters to 90 millimeters in diameter, travel on the bottom of the stream as bedload 

sediment and appear on banks, islands, and bars all over the cut bank cliff’s reach, which is 

designated “B2”.  The clumps typically erode from the cliff, contact the water, travel as bedload, 

dry out on a bar, crack and fracture into smaller pieces, then repeat this process until they’ve 

weathered down to clay sized grains.  The importance of this is to understand that although the 



claystone is entirely made up of grain sizes that should be suspended, in large part it behaves like 

a bedload sediment, but it is not considered in the bedload sediment budget. 

 Panoramic Photos and Landslide: Methodology 

 The panoramic photos required the use of a camera and a marked coordinate in a 

handheld GPS unit.  Each panoramic is made of many smaller photos pieced together in Adobe 

Photoshop.  Landslides were labeled with a size and location along the cliff face; small, medium, 

large and upstream, downstream, and central (ex. MCL or LUL). To quantify the volume of each 

landslide and therefore the total amount of sediment contributed from the cliff each year, a photo 

was taken with a 2 meter pocket-rod measure right at the cliff face (Figure 8).  Using this for 

scale made finding the height and length of each landslide easy (Figure 6).  In the field 9 angle 

measurements were taken with a Brunton compass on three different landslides and the median 

angle of repose was found to be 30 degrees.  This was the assumed angle of repose for all the 

landslides that had their volumes calculated.  For simplification’s sake, the assumed shape of 

each landslide was a wedge or 3-Dimensional triangle.  However, the real landslides don’t have a 

height that is as continuous and they tend to pinch out and decrease in size near the ends.  This 

shape makes the landslide volumes bigger than they actually are and inflates the results of the 

project. Though slightly inaccurate, fortunately, the results of this project can be considered the 

high end or best case scenario sediment contribution estimate from this cliff.  See the “Landslide 

Volume Calculations” on the following page for details on landslide methodology. 

 

 

 



Landslide Volume Calculations: 

Sin 2 = opp/hyp = b/c 

8=b 

Angle 2 = 60 degrees 

Sin (60) =.866 

8/.866 = 9.24 = side c 

Cos 2 = adj/hyp = a/c 

Cos (60) = 0.5 

(0.5)(9.24) = 4.62 = side a 

To find the area of the triangle: 

((8 x 4.62)/2) = 18.48 square meters 

To find the volume of the triangle: 

(18.48)(23) = 425 cubic meters of 

 

 

 

 

 
Figure 6: Landslide from July 24th 2008, with 
dimensions, and two meter scale  

 

 

 

Figure 7: To help visualize volume 
calculations (Lehnen, 2002)  

 

 

 

 

 

 

Figure 8: Gabriel at cliff with a two 
meter pocket rod for scale 

Figure 9: Largest landslide of 1660 
cubic meters  



 

  
Panoramic 1: July 16th 2007 

 

 

 

Panoramic 2: January 25th 2008 

 

 

 
Panoramic 3: May 14th 2008 

 

 

 
Panoramic 4: July 24th 2008 

 

 

 Panoramic 5: May 20th 2009 

 

 

 

Panoramic 6: July 26th 2009 



Panoramic Photos and Landslide: Analysis and Conclusion 

In 2008, the cut bank cliff contributed 643 cubic meters of sediment to the Sandy.  

  Date 
Length x 
Height  Cubic m  Comp.   

2008 
Contributions 

SCL             
6 
months  7/16/2007  6x2  6.9 Fines     
  1/25/2008  4x2  4.6 Fines     
  5/14/2008  0  0 0   4.6 
MCL             
22 
months  7/16/2007  16x5  115.6 Sand, CG     

  1/25/2008  14x5  101.15
Fines 
mostly    101.15 

  5/14/2008  submerged  sub  sub     
  7/24/2008  vegetated  veg  veg     
  5/20/2009  0  0 0    
             
MUL             
12 
months  5/14/2008  20x6  207.6

fines, 
coarse    207.6 

  7/24/2008  14x6  145.32
fines, 
coarse     

  5/20/2009  0  0 0    
             
LDL             
10 
months  7/24/2008  26x9  425

coarse, 
sand  425‐65  360 

  5/20/2009  14x4  64.68 coble, fine     
             
          Total:  643 

 

Two percentages are considered for bedload contributions from the total sediment 

contribution.  The first is the 48.3% that is associated with a fractional breakdown of the 

stratigraphic column’s fine and coarse layers; the second is a more arbitrary, but probably more 

accurate, 75% bedload sediment contribution.  In 2008, the bedload contributions from erosion 



of the cut bank cliff were either 310 cubic meters (48.3%) or 482 cubic meters (75%).  

Respectively: 

 

 

Essentially, these are negligible percentages. Though in a worst case scenario, if every 

bank in every reach of the ongoing study was eroding as quickly as this 0.4 kilometer cliff face 

eroded in 2008: 

 

 

Neither of these contributions are significant enough to impact the sediment budget.  

However, 2009 saw one large landslide (LUL) of 1660 cubic meters that nearly tripled the total 

2008 sediment contributions, and another medium sized landslide (MDL2) that raised the total 

sediment contribution to above 2000 cubic meters: 

 

 

 

 

  Date  Length x  Cubic m  Comp.    2009 



Height  Cont. 

             
MDL2             
  5/20/2009  20x8  369.6 sand, fines    369.6 
  7/26/2009  20x8  same  same     
             
LUL             
  5/20/2009  40x12  1663.2 coble, sand    1663.2 
             
          total  2033 

 

Assuming all the sediment from both these landslides are added to the river in 2009, at 

48.3%, 982 cubic meters of bedload sediment is contributed, and at 75% , 1525 cubic meters, 

which is respectively 0.13% and 0.2% of the reservoir budget.  Again, if every meter of bank in 

every reach was eroding at this rate: 

 

 

All these percentages are too low to be any significant sources of uncertainty, even when 

the data is manipulated to fit highly unlikely erosion scenarios. 

In closing, to fully assess erosion’s potential for affecting the Marmot Dam sediment 

budget, a thorough analysis of other cut banks and cliffs adjacent to the river in every reach of 

the study could be conducted.  However, because the other reaches do not have as prominent 

cliff faces as this project’s reach, B2, in all likelihood their bedload contributions would be 

lower, as has been shown by the doctored erosional scenarios with still low percentages of 

uncertainty.  Due to the large size of the Marmot Dam sediment budget and the short time span 



of the ongoing study on the Sandy River, it’s not advisable to consider cut bank cliff erosion as 

raising the Marmot Dam study’s uncertainty by any significant amount. 
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